GPU Nuclear Corporation
Nuclear
Rcule 441 Soutn

Muidletown, Pennsylvisma 17057-0191
717 9.44.7621

TELEX B3-2386

‘Nuler's Direct Dial Number:

(717) 948-8461

4410-85-L-0005
Docunent 1D Ol36A

January 14, 1985

TMI Program Office
Attn: ODOr. 8. J. Snyder
Program Director
US Nuclear Regulatory Commission
| Washington, DC 20555

Dear Dr. Snyder:

Three Mile Island Nuclear Station, Unit 2 (TMI-2)
Operating t.icense No. DPR-73 =
Docket No. 50-320 '
Defueling Water Cleanup System Technical Evaluation Report

Attached for your review and approval is the Technical Evaluation Report
(TER) for the Defueling Water Cleanup System (DWCS). The DWCS is
vesigned to remove radioactive ions and particulate matter from the fuel
transfer canai, Spent Fuel Pool "A", and the reactor vessel. To assist
in your review, the System Descriptions for the Defueling water Cleanup
(DWC) Reactor Vessel Cleanup System, the DWC Fuel Transfer Canal/Spent
Fuel Pool Cleanup System, and the applicable drawings for the DWCS are
includgea.

Pursuant to the requirements of 10 CFR 170, enclosed is a check for
$150.00 for the application fee required for review of this submittal.

Sincerely, r t‘k 0 -
} 4 . “ ov :
14 oo/ gy 160
350122%%3702335323 QP\JJHMVA*J — J 4 1%
pDR AD PD F. R. Standerfgr )
P 'Vice President/Director, TMI-2 i '
o j
FRS/HDW/ jep Qf' : [ oY
i
Attachments W,

7
cc: Deputy Program Director - Tl Program Office, Dr. Ww. D. Travers f" A & a9

o
GPU Muciear Cerperistion 1S a subs: ity oI the: General Pubhic Utiities Corporation 1 / <1 {’(l (M




EENuclear ' TER 15737-2-c03-106  Rgy.__3
ISSUE DATE __January 10, 1985
2 ITS
D NSR
O NITS

TMI-2
DIVISION
TECHNICAL EVALUATION REPORT

FOR

Dcfueling Water

Cleanup System

COG ENG Lona i/ K TG DATE _11/i/8
RTR Los! 7 thnsnd DATE o /. /e

COG ENG MGR. __ (/724 fo. R2. DATE "/ /s
3 './1“37191!q Issued For Use 512 S aeL -
l); 2 |'“:%/aq | 1ssued For Use ﬁ-i (23 ar._
b" 1 112/ 7/8¢ Issued For llse x| L ErT UK
0 |"Vgsa = |1ssued For Use .4 Er ap.
w0 pavi . L vons LM Ocsto petivaos | {nGaiimes |
e N/A
850113
Bbr ADOCK PDR DOCUMENT PAGE _L_ OF 19_

EPD 33812 YO P




[T Nuclear -

15737-2-G03-106

Title PAGE OF
Technical Evaluation Report for Defueling Water Cleanup System 2 19
Rev. SUMMARY OF CHANGE
0 Inicial issue November 1, 1984
1 Revised to incorporate system design changes and comments on Revision 0
2 Revised to incorporate comments on Revision 1
3

Revised to incorporate comments on Revision 2

EPDXM15 11784



LATEST LATEST

SHEET | REV SHEET | REV SHEEY | REV. | SHEET | REV. § SHEET

————

-

LATEST LATEST LATEST LATEST

REV SHEET | RLv. SHEET

LATEST
REV

=lw v |«

|
O | IV s |vis|jw|N|-—-

—
o

—
—

-
~N

—
&

—
w

—
(=]

—
~

—
o

—
V]

Att

-
w
NN.—n—-—-NN-—oN-—-NN—-—-NuN

Att

Att

Att

Att

Att

NS (WD W N -
- o | |

Att

3PD-33000-T 10/83

[ S Y DOCUMENT TITLE:

REVISION STATUS SHEET

JOB 15737

REV.

Technical Evaluation Report for “ 15737-2-G03-106

Defueling Water Cleanup Systenm

“PACE 3 of 19




1.0

2.0

3.0

4.0

5.0

6.0

15737-2-G03-106

Table of Contents

Introduction

1.1 General
1.2 Scope

Systeam Description

2.1 General
2.2 Quality Classification

Technical Evaluations

3.1 General

3.2 Postulated System Failures

3.2.1 Reactor Vessel Cleanup System

3.2.2 Fuel Transfer Canal/Spent Fuel Pool Clesnup System
Decay Heat Removal

Criticality

Boron Dilution

Heavy lLoad Drops

Radioactive Releases

LLLWLW
NOWnwSW

Radiological And Eavironmental Assessment
4.1 Off-site Dose Assessment
4.2 On-site Dose Assessment
4.2.1 Reactor Vessel Cleanup Systen
4.2.2 Fuel Transfer Canal/Spent Fuel Pool Cleanup Syatem
4.3 Occupational Exposures
Safety Eveluation

5.1 Technical tpecifications/Recovery Operations Plan
5.2 Safety Questions (10CFR 50.59)

References

Page

~ N o -} - - -

@O~

10

13
13
13

14
14
14
14
16
16
17

17
17

18




15737-2-G03-106

Attachments

1. BPivision II System Design Description of the Defueling Water Cleanup *
Reactor Vessel Cleanup Systea, Doc. No. 15737-2-M72-DWCO1, Rev. 2. |2

2. Division II Systen Design Description of the Defueling Water Cleasnup Fuel
Transfer Cansl/Spent Puel Pool Cleanup Systea, Doc. No. 15737-2-
M72-DWC02, Rev. 2. 12

3. Reactor Veasel Cleanup Syatem, Piping and Instrument Diagram, Bechtel
Drawing 15737-2-474-DWCO01, Rev. 3.

4. Fuel Tranasfer Canal/Spent Fuel Pool Cleanup System, Piping and Instrument
Diagram, Bechtel Drawing 15737-2-¥74-DWC02, Rev. 3.

5. Auxiliary Systems, Piping and Instrumenrt Diagram, Bechtel Drawing
15737-2-M74-DWC03, Rev. 3.

6. Fuel Handling Building, General Arrangcsent, Bechtel Drawing
15737-2-P0A-6401, Rev. O.

7. Reactor Building, General Arrangement, Bechtel Drawing 15737-2-POA-1303,
Rev. 1.

-5~ Rev. 2
e ——— 0058y




1.2

l.1 General

2.0 System Description

e - —mremar e——————— . B

15737-2-603-106

1.0 Introduction

The defueling water cleanup (DWC) system is designed to remove
radioactive ions and particulate matter from the fuel transfer canal,
spent fuel pool "A" and the reactor vessel. The majority of the
particulate matter is removed by processing the water through noainal
0.5 micron rated sintered metal filters. The low micron rating of
the filters will assure vary low tutbidity a8 well as reducing the
particulste activity in the water.

Renoval of the radioactive fons (i.e., soluble fission products) will
be 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 the submerged demineralizer system (SDS).

Scope

The scope of this document includes the operation of the DWC systenm,

the components of the DWC system and its interfaces to existing

systems and components. This techmical evaluation report (TER) io
applicable only during the recovery mode as the DWC system is a

teaporary 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 will be addressed in Reference 8. Licensing of the ion
exchangers for offsite shipments is outside the scope of this TER. |3

2.1

General

The DWC syatenm is designed to proceas water from the reactor veasel,
spent fuel pool, and fuel transfer canal. The system’s major
functions are given below.

a) The DWC system filters the water contained in the reactor
vessel, the spent fuel pool, and the fuel tranefer canal to
remove suspended solids above a nominal 0.5 micron rating. This
is done to maintain the clarity of the water to a 1 NTU
{nephelonetric turbidity unit) rating.

b) The DWC system removes soluble fission products from the reactor
vessel, the spent fuel pool, and the fuel transfer canal (FTC)
by demineralization of the water. This is done to reduce the
duse contribution froa the water.

-6= Bev. 3
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The DWC ayatem ia compoaed of two major aubasysteas which allow
greater processing flexibility during post pleaum removal

operations. These two subsystems are, the reactor veasel cleanup
ayaten and the fuel transfer canal/spent fuel pool cleanup systenm.
Ogline aazpling of both subsystems for turbidity, pH and boron
concentration is provided by the system design. The detailed system
description for the DWC reactor vessel cleanup ayatem is provided in
Attachment 1. Attachment 2 provides the detailed aystem description
for the DWC fuel transfer canal/spent fuel pool cleanup system. Also
included as Attachments 3 through 7 are the following figures:

Attachment 3 Reactor Vessel Cleanup System, Piping and Instrument
Diagranm

Attachoent 4 Fuel Transfer Caual/Spent Fuel Pool Cleanup Systen,
Piping and Instrument Diagram

Attachment 5 Auxiliary Syatems, Piping and Instrument Diagram
Attachment 6 Fuel Handling Building, General Arrangement
Attachment 7 Reactor Building, General Arrangement

Quality Classification

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

Isportant to Safety. Important to Safety as used here is defined in
the T™I-2 Recovery Quality Classification List.

3.0 Technical Evaluations

3.1

General

The DWC system is totally contained within areas that have controlled
ventilation and area isolation capability. This limits the
environzental fmpact of the system during normal or postulated
accident conditions. The impact of postulated DWC system failures is
provided below on a case-by-case basis.

The system failures evaluated are loss of power, loss of
instrumentation/instrument air, filter media rupture, and line
breaks. The design of the system ia auch that none of the events
results in unsacceptable consequences. Other safety concerus
evaluated vith respect to operation of the DWC system were decay beat
removal, criticality, boron concentration control, heavy load drops,
end radioactive releases. No unacceptable consequences were fo:md to
result froa operation of the DWC system provided that proper
administrative control is maintained.

A Rev. 2
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3.2 Postulated System Failures

3.2.1

3.2.1.1

3.2.1.2

3.2.1.3

Reactor Vesael Cleanup System -

Loss of Power

A loss of power to the entire systea would simply sbut
the systen down. A loes of power to the well pumps
vith an additional failure vhich results in
sioultaneous 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 pover ia restored. Loss of powver to individual
components would place that component in its safe mode

for an air operated valve; for example, it would fsil l
to a position that ensures no damage to other
components.

Loss of powver to the control panel would cause the
loaa of all information and fail all control and
aolenoid operated valves. The system would be
sbutdown until power is restored.

loss of Instrumentation/Inatrument Alir

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 flov mismatch will result in an automatic
shutdown of the affected portion of the syaten.

Loss of the internals indexing fixture (IIF) level
indication systea (bubbler) will result io an
erroneous level indicstion which will be noted when
compared with a redundant level indication systen.
Since thia system has oo control features, no adverse
systen conditiona will reault.

Loss of instrument air will take the individual
components to their fsil safe positioa. Flow
misamatches induced by losa of air will result in
autonmatic trips. Loss of air to the IIF level
monitoring system will initiate a low air supply
pressure alam.

Pilter Media Rupture

A failure of the filter media in the canister could
potentially release fuel fines to the ion exchange
portion of the system. A post filter is located
dowvnstream of both filter trains in the lipe to the

-8~ Rev. 1 1
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s»n exchangers. This post-filter will trap any fuel
fines which would be transported past the filter
cuenisters in the event of filter failure. The post
filter is sized to be critically sa:e and so that a
gross rupture in a filter canister will increase the
differential pressure to the alarm setpoint.
Turbidity m:ters will aid in the detection of gross
filter media rupture by detecting changes in water
clarity.

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

line Break

The principal consequence of any line, or hose break
in the reactor vessel cleanup system is a loss of
reactor vessel inventory. The system is designed to
mitigate the consequences of such an incident to the
extent possible.

To help prevent a hose rupture, all process water
hoses are armoured. In case of a hose rupture or line
rupture, downstream of the reactor vessel pumps, the
systen will trip these puaps on 1IF low level and
alarm at control panels in the control room and fuel
handling building. Tbis could deliver approzimately
500 to 1000 gallons of reactor vessel wvater to the
area of the break. The potential arees affected would
be the Reactor Building and the Fuel Handling

Building, each of which has sumps to contain the spill.

Siphoning of reactor vessel water could take place if
any of the lines connected to the well pump suction or
returu hoses, or if the hoses themselves, are damaged
or rupture. The two, 4 inch suction connections
provided in the Westinghouse work platform will be
provided with two, 3/4 inch holes drilled 18 inches
ovelow the water level which will sct as a siphon
breaker. The three 2 inch return linea will be
equipped with spargers, which are holes drilled into
the pipes. The firat holes are drilled 18 inches
below the water level which will act as a siphon
breaker. The sanmple return line will terminate 18

=g Rev. 1
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inches below the vater level. Also, isolation valves
will be provided in the Westinghouse asupplied piping
vhich could be used to manually terminate the 5
siphoning. Therefore, a maximum of approximately 3000
gallons of reactor vessel wvater would spill into the
fuel transfer canal following a hose rupture.
Approximately half of thia water would be contained in
the New Fuel Pit.

The recovery from these events would be accomplished
by isolating the ruptured section and ~eplacing the
ruptured hose/pipe.

Fuel Transfer Canal/Spent Fuel Pool Cleanup System

Loss of Power

A Joss of pover to any portion of the system would
shut that portion of the ayatem down. Loss of power
to individual components would place that cozponent in
its asafe mode for an air operated valve, for example
it wvould fail to s position that ensures no damage to
other components.

Loss of Instrumentation/Instrument Air

Loes 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 m’'raatch. =
This flowv mismatch will result in an automatic

shutdown of the affected portion of the system.

Loes of either the spent fuel pool or FIC level
monitoring aystem 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.

Loas of instrument air will take the individual
components to their fail asafe position. Flow
mismatches induced by loss of air will reault in
sutomatic trips. Loss of air to the IIF level
monitoring ayatem (bubbler) will initiate a low air
supply preaaure alarm.

Pilter Media Rupture

A failure of the filter media in the canister could
potentially release fuel fines to the ion exchange

portion of the ayatem. Flow may be routed to DWC ion
exchanger K-2 or to the SDS both of which have filters
upstream to trap migrating fuel finea. Ion exchanger |2
K-2 haa a8 cartridge type filter in 8 critically asafe

-10- Rev. 2
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ceanister and SDS is equipped with two filters in
series, both of which have borosilicste glesaa to
control reactivity (see Ref 2). Differential pressure
is measured scross the filters to indicste ruptured
filter media. The SDS filter bypsss is
sdministratively controlled to prevent ioadvertent
operation.

Upon detection of & filter media rupture the filter
trains will be isolated ard the ruptured filter will
be identified by observing the differential pressure
versus flow for each individual cenister with flow
being recirculated to the fuel pool. A lower
differential pressure for s given flow will indicate
which filter is ruptured. The affected cenister or
cenisters and the SDS pre-filter vessel or filter
canister post fiiter certridge would then be replaced
a8 required snd the system restarted.

Line Break

If a rupture occurred in the FIC/epent fuel pool
cleanup system, the DWC system spent fue) pool pumps
could deliver fuel transfer csnal and/or spent fuel
pool water to the Fuel Handling Building or the
Reactor Building. This sction would lower the level
in the canal and the pool. A drop of one inch in
canal/pool level ia approximately equivalent to 1250
gal. A level loss would be detected and alarmed (low
level alarn 3" below normal liquid level) by at least
one of the two redundant level indicating systeas
provided for the cenal/pool. The operator would tuen
shut the systea down.

Process water hoses sre eaployed in three services in
this aystem; filter canister inlet/outlet, skimmers to
vell puaps, and downstream of penetrstion R-539.

If a filter canister inlet/outlet hose ruptures, that
canister will be isolated snd the hose replaced.
Since these hosecz ure 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
diminigshed ss the hose is routed underwater to the
puzps end 8 pump suction supply will continue to be
svailable.

-11- Rev.
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If the hose on the FIC return line downstream of
penetration R-539 breaks, then process water will be
lost to the Reactor Building sump. The resulting loss
in level would be detected and alarmed by the
canal/pool monitors. This hose is steel armored to
sininize accidental damage. Check valves are provided
to prevent siphoning the FTC if the hose (or
connecting line) breaks. PFurthermore, the normal
return path is to the SFP; thus this hose is not
normally used. When not in use this hose should be
isolated by closing valves to miniaize the effect of a
hose break.

A break of the fuel transfer canel pump discharge lfne
which uses penetration B~524 would cause process water
to be lost to either the Reactor Building or the Fuel
Handling Building. The water loss would be detected
both by a decrease ia the monitored flowrate returped
to the fuel pool or fuel transfer canal and also by
the drop in fuel pool and/or transfer canal level.
When the fuel transfer canal pumps, are not in use,
the discharge valves will be closed. This will
prevent a syphoning of the FIC when the pumps are not
in use.

3.3 Decay Heat Removal

Decay heat removal is currently performed by heat loss to ambient.

No change in this mode of operation is required to operate the DWC
system. The large exposed surface of the open reactor vessel and the
FIC will eignificantly enhance the removal of decay heat.

Criticality

Subcriticality of the core is maintained by a high concentration of
boron in the reactor coolant syster (RCS). Subcriticality of the
fuel within the filter canister will be assured by design and will be
addressed in the licensing document for the canisters. The fuel
transfer canal/spent fuel pool pump and the reactor vessel cleanup
pusps will be evaluated to assure that the design of the pump does
not allow an accumulation of a significant quantity of fuel. The
systen piping and the post-filtar will also be designed to prevent a
possible criticual configuration of fuel debris. This will be
accomplished by restricting the size and configuration of
components. Furthermore, the post-filter will not accumulate
significant quantities of fuel unless filter rupture occurs (see
Sections 3.2.1.3 and 3.2.2.3). Puel accumulation in other aystenm
comsponents will be precluded by the filtration of the water.

-12- Rev. 1
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Boron Dilution

The only credible means of attaining criticality of the fuel
contained in the vessel is through deboration of the RCS water. The
approach described in References 6 and 7 for prevenrion of leboration
wvill be followed for operation of the DWC syatea. Specific aystea
evaluations with respect to deboratiom control will be performed
pricr to DWNC system operation. loron dilution during defueling will
be addressed in a revisi:m of the "Hazirds Anelysis: Potential for
Boron Dilution of Reactor Covlant Syatem™.

Heavy load Drops

In-containment load handling will consiat of the trensfer of the DWC
filter caniaters from the deep end of the FIC to the Fuel Handling
Building via the fuel transfer aystem. The handling of these
canisters will be in sccordance with procedures, or unit work
instructions (U4I's) which will define load paths. These load paths
will be adriniatratively controlled to ensure that s poastulated drop
of a canister would not comproaise plant safety or the integrity of
the FTIC floor.

Load handling within the Fuel Handling Building wiii consist of the
movement of SDS ion exchange liners, the reactor vesael cleanup
system liners, the DNC filter canisters and transfer casks. The
heavy load drop analysis for the SDS casks ia given in reference 3.
The reactor vessel cleanup system liners will be moved uaing the
existing casks for the EPICOR II aystem. The total heavy load of the
cask and liner i1s lesa than that of the shield plugs removed from
spent fuel pool “A°. The load path for movement of the liners,
although not over the spent fuel pool, is part of the same load path
used for the spent fuel pool “A” shield plug removal. The load path
and heavy load drop analysis provided in the spent fuel pool "A~
refurbishment SER (Ref. 5), therefore, bounds the movement of the
liners and casks. The radiological concerns associated with a load
drop are bound by the analysis in Reference 4 which concludes the
health and safety of public is not eudangeced as a Tesult of this
hypothetical accident. The hardling of heavy loada over the apent
fuel pool is not within the scope of this document and will be
addressed in the Early Defueling SER. 2

Radioactive Releases

The operation and deaign of the DWC system was reviewed with respect
to radioactive releasea. No direct radioactive release paths to the
environment exista for the systeam. local spillage of contaminated
vater from the DRC system will result in a local contamination
problem. Since the specific activity of the water is essentially
that of the fuel transfer csnal and spent fuel pool, no significsnt
radioactive releases sbove those froa the open pools can occur when
processing pool water. Defueling activities have the potential of
significantly increasing the specific activity of the reactor veasel
vater. To preclude any significant releases during these periods the
operating procedures aasocistcd with processicg reactor veasel water
shall include requirements to ensure isolation of the system should a
line brezk or masaive system leakage occur.

-13- Rev., 2
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4.0 Radiological and Eavironamental Assessment
4.1 0ff-Site Dose Assessment

4.2

Operation of the DWC system could reduce the off-aite doses which
would result if the system were not available. Without operation of
the DWC systen specific activity of the water in the pools would
slowly increase. This could lead to an increase in the local
airborne concentration available for release via *he plant
ventilation system. However, operation 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 snurce available for rel=ase from the SDS greatly exceeds
that svailable from the DWC system, the off-site dose analysis
provided in the SDS TER (Ref. &) bounde those of the DWC system.

Un-Site Dose Assessment

4.2.1 Reactor Vessel Cleanup System

The potential exists that defueling may significantly increase
the specific activity in the reactor vessel water. This could
possibly occur during defueling through disturbance of the
core debris. Material greater than nominal 0.5 microns would
be captured in underwvater filter canisters. The soluble
fiseion products, perticularly cesiuz—137, would be removed by
processing through the associsted ion exchange media. The
filter canisters are located underwvater at a depth greater
than four feet in the reactor building and therefore do not
represent a radiological problem. The water to be processed
is piped through a resctor building penetration to the {on
exchange media at 20 to 60 gps (max. 30 gpm/train) depending
on the specific activity of the rzactor vessel water. These
process linea and the liners for the ion exchange media
represent potential radiological hazards.

To assess the radiological hazards, the dose rates from DWCS
piping and components during operstion were evaluated.

Sources in the water were assumed to be fuel particles and
dissolved radioactive mrterials. The design basis
concentrations of these sources sre 1 ppa suspended solids and
a concentration of soluble materials equivalent in dose rate
to 0.02 .T1/ml of cesium-137. During operation st the

desigu bas.s conceatrations, the dose rate from a long 3"
diameter urshielded hose is 0.2 milires/hour st a distaace of
2 feet.

During detueling operations both the solubles snd suspended
solids ccncentrations in the water may increase. To assess
increase: in doase rates during upset water conditions, a
combination of a 20 curie cesium-137 spike and an

instant aneoua release of spproximately 35 1b of suspendable
fite d-bris to the reactor vessel volume is postulated. A

=14- Rev. 1
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long 3° diameter hoae carrying water at the reaulting
concentrations would reault in a doae rate of 9 aillirea/hour

2 feet from the hoae. Process linea which are downatream of =
the filters do not contain the suspended solida concentrations
poatulated for the upaet water conditions. A 3" diameter bose
downatream of the filters would produce a doae rate of 2
millirem/hour at a distance of 2 feet, due to the aoluble
radioactive materiala remaining in tbe water.

Shielding of linea upstrean of the filters may be used to
reduce dose rates in areas of peraonnel occupancy.

Dose rates from solublea are baaed on the specific activity of
ceaium-137. Other isotopes vhich may contribute significantly
to gamma dose rates are ceaium-134 and antimony-125. The
cesium-134 concentration i8 normally an order of magnitude
leas than that of ceaium-137. Antimony-125 ia not removed by
the DWCS ion exchangera with a reliable decontamination
factor. However, the dose rate for antimony-125 ia leaa than
that of ceaium-137 for a given concentration. If antimony-125
in the DWCS becomes a significant dose contributor to workers,
the reactor coolant may be proceaaed through the EPICOR II
ayatea in a batch processing mode. Batch processing will be
used because chemical adjustment of the coolant ia required.
EPICOR II will remove the antimony-125 with a satiafactory
decontamination factor.

Three zeolite ion exchangers are needed to handle the flow

from DWC ayatem. Iwo are needed for the reactor vessel

cleanup aystea to provide a 60 gpm flowrate through the ion
exchangera. One ia used for FIC/apent fuel pool cleanup. SDS 2
is also to be used for FTC/apent fuel pool cleanup.

The shielding requirements for these liners will be baaed on a
bomogenized 500 Ci source in a 4 x 4 liner, similar in
construction to thoae used for EPICOR 1I. Sjince changeout of
liners will be based on radiation level, and since the 500 Ci
loading ia conservatively high (actual loading should be
approximately 100 Ci, see Section 4.3), the calculated
shielding requirement ia considered acceptable.

The contact doae rate on the side of the liner for a
homogenized 500 Ci source is approximately 185 R/hr. The
linera will be shielded to liamit the shield contact dose rate
at the aide and on top of the liner to a maximua of 5
aillirea/br. The cor-rete floor will reduce the doae rates on
lower elevations to leas than 5 millirem/hr.

Both dose rates repreaent an upper bound, and aa indicated,
the doae rates would not poae any undue operational
constraints if actually attained.

=15= Rev. 2
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1f hoses or piping in the DWC system break, water will be
released in the Reactor Building or the FiiB. This water may
contain suspended fuel particles and dissolved radioactive
materials. The specific activity of the DWC systea water will
be maintained lowv enough that personnel access to the spill
area will not be precluded. After the resoval of the spilled
wvater, the area may require decontamination to reduce loose
surface contamination to acceptable levels. Thus there are no
safety concerns sssociated with the breakage of DWC systen
hoses or pipes.

4.2.2 Fuel Tranafer Canal/Spent Fuel Poul Cleanup System

The fuel transfer canal/spent fuel pool cleanup systen
processes wster through the DWC ion exchanger K-2 or SDS. The
vater in the pools will be maintained by this systeam at .0l to
.02 uCi/ml of cesium-137. This is significantly lower
concentrations than water processed by SDS. The analysis
provided in the SDS TER Referecze 4 therefore bounds the doses
posaible from this systea.

4.3 Occupational Exposures

Operation of the DWC system will reduce the occupational exposure
during defueling operations by maintaining low specific activities in
the fuel transfer canal, spent fuel pool and reactor vessel. The DWC
system 18 designed to maintain the maxisum Cesium-137 concentration
in the vater to between .0l and .02 uCi/ml. This will result in a
contribution to general area dose ratas of 10 to 20 millirem/br from
the wvater.

It is estimated that approrimately 42, 4x4 liners each loaded with 52
curies of Cesium-137 will oe required for the reactor vessel cleanup
system. The occupstionsl dose to workers during each change-~out is
estimated to be les. (.1 man-rem. Therefore the total accumulsted
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-rea
associated with the installation, operation, maintenance and removal
of the in-contsinment and fuel handling building portions of the
DNCS. These estimates are based upon current man-hour projectiona.

IN-CONTAINMENT

Activity Man-Hours Dose Rate (mR/br) Man-Ren
Installation 505 60 30.3
Operation 40 60 2.4
Maintenance 85 60 5.1
Removal 250 60 15.0
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PUEL HANDLING BUILDING

Activity Man-Hours Dose Rate (mR/hr) Man—Ren -
Inetallation 34,400 0.3 10.3

Operation 26,280 2.3 7.9 1
Maintenance 8,600 0.3 2.6

Removal 17,200 0.3 5.2

The total man rea attributable to the operation and maintenance of
the DWC system, as a whole, is expected to be between 65 and 125
man-ren. Thie estimate is based upon a total of 80 man-rem from
above increased by 202 for Health Physics coverage and allowing + 30%
due to uncertainties. -

5.0 Safety Evaluation

5.1 Technical Specifications/Recovery Operations Plan

No additional Techni-ral Specifications/Recovery Operations Plan
chanoges, beyond those r:quired for head removal, are required to
install and operate the DNC systen.

5.2 Safety Questions (10CFRS50.59)

10CFRS0, 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 is determined not to be an
unreviewed safety question and does not involve a modification of the
plant technical epecificatione.

A proposed change involves an unreviewed safety question if:

a) The possibility of occurrence or the consequences of an accident
or salfunction of equipment important to safety previously |1
evaluated in the safety analysis report may be increased; or

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

The margin of safety, as defined in the basis for any technical
specification, i8s reduced.

The DWC aystem does not inc -‘ease the probability of occurence or the
consequences of an accident or malfunction of equipament important to
safety previously evaluated in a safety analyaia report. The syatem
failures evaluated are presented in sectlon 3.2 of this report. No
failures of the DWC systez were found which would increase the
probability of occurence or the consequenses of sn accident or
malfunction of equipment important to safety. In addition, operation
of the DWC system will be performed under strict administrative
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procedural control to further ensure safe operation. The procedures
used for operation of the DWC 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 existence of the DWC system. The DWC system is
essentially a 1liquid radwaste system utilized to maintain clarity and
low specific activity in the reactor vessel, fuel transfer canal, and
spent fuel pool water. As such, the possibility of an accident or
malfunction i8 of the sane type as previously evaluated for other
1iquid radwaste systenms.

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 DWC system operations. The effluents from
operation of the DWC will be returnmed 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 reactor building basement™by
SDS. The results of the radicactive release analysis presented in
the SDS Technical Evaluation Report therefore bound the releases from
the DWC. Since no change in the maximum permissible concentrations
or the Snstrument configuration or setpoints specified in Appendix B
of the Technical Specifications was required for SDS operation, and
since the DWC 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 unreviewed safety question as defined in 10 CFR
50.59.

Recovery Program System Description, Auxiliary Building Bmerzency
Liquid Clean-up System (EPICOR I11), GPUNC Letter 4410-84-L-0023, Feb.
24, 1984,

Technical Evaluation Report (TER) for the Submerged Demineralizer 1
System, GPUNC Letter 4410~84-L~109 dated July 19, 1984.

Letter from G. K. Hovey, GPU, to B. J. Snyder, NRC, dated Septembter

30, 1981, “Control of Heavy Loads”. GPU letter No. LL2-81-0277. Il
Same as Reference 2. |1

“A", Revision 1, June 1983, GPUNC Letter 44i0-83-L-0156, July 29

Safety Evaluation Report (SER) for the Refurbishment cf Fuel Pool ll
1983.
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SER for Removal of the TMI-2 Reactor Vessel Head, Revision 5,
February 1984.

SER for the Operation of the I1F Processing System, Revision 1, May

1984.

TER for Defueling Canisters

-19-

Rev. 1
0058Y

e




LORN 4000.[NG-7110,06-1 (5/84)

fuclear

Divs
Dusn
D nite

|

N2

S Di5237-2-472-0¥C01 gEy 2

ISSUE DATE

DIVISION

SYSTEM DESCRIPTION

FOR

Defueling Water Cleanup

Reactor Vessel Cleanup Sysctem

(ECA _3525-86-0041 )

COG ENG & X ZSet0l "

RTR R Ma.qls

DATE g’ﬂ?/fy

DATE 822’1‘84.

COG ENG MGR, LK Zaltt 2 At Boken  oATE F/a7/eY

ek

I. 1 1“
0363 830250
8301250ck 03000%nR

2 |1=)292/%u Reviscd as stated on page Z i/:f VA2 CUAA | 72
1 lviag os Revised as stated on page 2 = Vot T2
0 |8/27/g4 | 1ssued For Use #‘%/fy[- B
No DATE REVISK nY “wr cntcxen | g BF05con | EEI L )
fRdh
DOCUMENT PAGE ' OF _23




i No.
m[\.llclear 15727-2-M72-DHCO1

Tille

Division System Jescription fer Defucling Water Clcanup Page 2 of 23
Reactor Vessel Clecanup System

Rev,

SUMMARY OF CHANGE

L

Incorporated changes to add third 4 x 4 Ion Exchanger to allow two {on
exchangers to be dedicated to this system and separate syvstem from FTC/SFP
System: revised references; revised sctpoints (Section 2.2); revised initial
fill and draining to reflect addition of fon exchanger level switch disable,
added valve numbers.

Changed Dwg. No., item 22.b, p.7; «dded note p.7; delered sentence p.8: added
"vo8s (FVv-10)", p.B: deleted parentheses around "p-6 or 8', p.9; added by
EPICOR-I1 from a RCBT as required,” p.9: changed EPICOR to "Nuclear Packaging
SO fr3 ENVIRALLOY Demineralizer/HIC.™ p.10 changed later to "4B50," p.l6;
added note p.l6.




1.0

2.0

3.0

4.0

5.0

TABLE OF CONTENTS

Design Description

1.1 Suomary
1.2 References
1.3 Dctailed System Description
1.3.1 Description
1.3.2 System Cooponents
1.4 Systen Performance Characteristics
1.5 System Arrangement
1.6 Instrumentation and Control

1.6.1 Controls
. 1.6.2 Power
1.6.3 Monitorinog
1.6.4 Trips and Interlocks
1.7 Systen Interfaces
1.8 'Quality Assurance

System Limitation, Setpoints and Precautions

2.1 Limitations
2.2 Setpoints
2.3 Precautions

Operatlons

loitial Fill

Startup

Normal Operation
Shutdowa

Draining

Refilling

Infrequent Operations
Transient Operations

.

WLWLLWLWLWLW
P
ONOWVESWN M-

Casualty Events and Recovery Procedures

Loss of Power

Loss of lnstrumentation/Instrument Air
Filter Media Rupture

Line and Hose Break

PR W
e »
S WN -

System Maintenance

Page
Rev.
0057Y

3
2




6.0 Testing
6.1 Hydrostatic Testing
6.2 Lleak Testing
6.3 Instrument Testing

7.0 Human Factors

2-M72-DWCO1

Page &
Rev. 2
0057y




2-M72-DWCO1

1.0 DESIGN DESCRIPTION

1.1 Summary

The reactor vessel cleanup system is a temporary liquid processing
system which 1s designed to process water contained in the reactor
vessel. The systen's major functions are:

a) to filter the water contained in the reactor vessel to remove
suspended solids above a nominal .5 micron rating. This is dnne
to maintain the clarity of the water to a 1 NTU rating.

red

b) to remove soluble fission products from the reactor vessel
contamination barrier by demineraliziation of the water. This is
done to keev the equivalent Cs-137 concentration less than
<02 uci/ml and thus reduce the dose rate contribution of the
water. Also, Sb-125 concentration can be controlled by batch
processing of reactor vessel water at the RCBTs.

1.2 References

1. Planning Study, Defueling Water Cleanup System Doc. No.
TPO/TM1-046

2. Technical Plan, Defueling Water Cleanup System Doc. No.
TPO/TM1-047

3. Division I, System Design Description, Defueling Water Cleanup
System Doc. No. 2-R72-DWCO1

4. Bechtel Drawing 2-M74-DWC01l, Defueling Water Cleanup (DWC)
Reactor Vessel Cleanup System

5. Bechtel Drawing 2-M74-DWC02, Defueling Water Cleanup (DWC) Fuel
Transfer Canal/Spent Fuel Pool Cleanup System

6. Bechtel Drawing 2-M74-DWC03, Defueling Water Cleanup (DWC)
Auxiliary Systems

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

8. Bechtel Drawing 2-POA-1303, General Arrangement Pienum Removal
Reactor Building
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11.
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12.

13.

14.
15.

16.

17.

18.

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

Buros & Roe Drawing No. 2026, Flow Diagram Spent Fuel Cooliag
and Decay Heat Removal 5

GPU Drawing No. 2R-950-21-001 P&ID Cozposite Subperged
Demineralizer System

TMI-2 Recovery Division System Design Description for Submerged
Deminerali: er System, Doc. No. SD 3527-005

Division System Design Description for Spent Fuel Pool/Fuei
Transfer Canal Cleanup System, Doc. No. 15737-2-M72-DWC02

Instrument Index, Doc. No. 15737-2-J16-001
Design Engineering Valve List, Doc. No. 2-P16-001

Standard for Piping Line Specifications for GPU Nuclear Corp.
TMI-Unit 2 Standard 15737-2-P-001

TMI-2 Recovery Mechanical Equipzent List Bechtel North American
Power Corp. Job 15737

Bechtel Piping Isooetrics

a. 2-P60-DWCO1-DWCS - Pumps P-2A&B, P-3A&B, P-4A&B, and
Miscellaneous Details

b.  2-P60-DWC02-DWCS - Reactor Vessel Filter Trains A & B -
Inlet Manifold Piping

c. 2-P60-DwWC03-DWCS -~ Reactor Vessel Filter Traios A & B =
Outlet Manifold Piping

d. 2-P60-DWC04-DWCS - Transfer Canal/Fuel Pool Filter Trainos
A & B - Inlet Manifold Piping

e. 2-F60-DWCO5-DWCS - Reactor Vessel Filter Train Sample Lines

f. 2-P60-DWC06-DWCS - Discharge Piping from Saople Boxes
No. 1 & No. 2 to Penetration R-537

8- 2-P60-DWC07-DWCS - Samples Lines Upstream & Downstream of
Ion Exchangers

h. 2-P60-DWC08-DWCS - Forwarding Pumps P-6 and P-7, Suction &
Oischarge Piping

1. 2-P60-DWC09-DWCS - Forwarding Pumps P-6 and P-7 Discharge
Piping

D 2-P60-DWC10-DWCS - Supply Piping to lon Exchangers K-1 &
K-2, Supply & Discharge Piping for Post Filter F-8

k. 2-P60-DWC11-DWCS - Supply Piping to Yoo Exchangers K-1 &
K-2

1. 2-P60-DWC12-DWCS - Borated Water Flush Piping from SPC~T-4
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19.

20.

21.

22.

2-M72-DWC01

2-P60-DWC13-DWCS - Tramsfer Canal/Fuel Pool Filter Traios
“A" & "B" Qutlet Manifold Piping

2-P60-DWC14-IWCS - Transfer Canal/Fuel Ponl Filter Trains
A" & "B” OQutlet Manifold Discharge Piping, Supply &
Discharge to Booster Pump P-5

2-P60-DWC15~-DWCS - Nitrogen Supply Piping to SPC-T-4 and
Drying Station

2-P60-DWC16-DWCS - Discharge Piping frow DWC Booster Pump
P-5

2-P60-DWC17 DWC Miscellaneous Piping Details

ECA No. 3525-84-0041, Definition of the Defueling Water Cleiaaup
System.

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

ECA No. 3527-84-0042, SDS Tie-in to DWCS.

Bechtel Area Piping Drawings

a.

b.

2-P70-DWC03 DWCS Hose Network Reactor Bldg. Plan

El. 347'-6"

2-P70-DWC04 DWCS Hose Network Fuel Handling Bldg. Plan
El. 347'-6"

Detailed System Description

1.3.1

Description

The reactor vessel cleanup system is a liquid processing
system which will process water from the reactor vessel.
The system is8 shown schematically on Dwg. 2-M74-DWCO1, and
its associated Dwgs. 2-M74-DWC02 and 2-M74--DWC03. (Note,
eome valves identified herein have been given an
instrument designator as well as a valve number. When
this occurs, the {nstrument designator is 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
io the fuel storage pit ino the shallow end of the fuel
transfer canal ino the Reactor Building. Each pump has a
220 gpm capacity and will process 200 gpm from the reactor
vessel and recirculate 20 gpm. The suction from the
reactor vessel is through the Westinghouse work platform
via hoses which connect the nozzles provided on the work
platform to the wella.
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The system has four particulate filters, F-1, 2, 3 anod 4,
each capable of filtering a flow of 100 gpm. The filters
are coopnsed of sintered metal filter media which is
contained in modified fuel canisters. These filters are
capable of removing debris, mainly fuel fines (UO7) and
core debris (Zr0z), down to a 0.5 microo ratinog. Sinoce
the canisters contain fuel fines, they are designed to
prevent a criticality condition from existing when they
have been loaded. Also, the filters are suboersed in the
transfer canal to provide the appropriate radiation
shielding.

The two puops and four filters are arranged so that one
puop discharges to two filters. Therefore, the filtration
portion of the system is dtvided into two trains, each
train contains one puap which feeds two filter canisters.
This allows the system to filter 200 or 400 gpo froo the
Reactor Vessel. Normally, the system will process 400 gpm
of Peactor Vessel water. The two pump arrangenment allows
for greater flexibility io system operations and provides
redundancy to allow system operation during maintenance.

A filter is used continuously until the differential
pressure reaches a predetermined setpoint. At this point
the system is shutdown and then, after a waiting period
(approximately 5 min.), it is restarted. The differential
pressure is noted and if it returns to a low value the
systen 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. When
this occurs within ane hnur, the train is shutdown and the
filters are replaced.

Once the water has been filtered, all, or a portion of,
the flow can be returned to the Reactor Vessel. The
asount of water returned is controlled by remotely
adjusted valves VC15A & B (HV30A&B). Each of these lines
will coonect, via flexible hoses, to the separate inlet
nozzles on the work platform. A sparger has been placed
on each return lipe to maintain a positive pressure ino the
attached hoses.

That portion of the flow not returned to the vessel can be
further processed to remove soluble fissi:n products. The
flow from the pumps, which passes through a single line to
the ion exchangers, is autouwatically controlled by
remotely adjusted flow control valve V084 (FV-10). There
is a post filter, F-5, located in that line to emsure
that, 1o case of a fallure of a filter canister, no fuel
fines can reach the ion exchangers. The loading on the
post filter is expected to be minimal and, as such, they
will be standard disposable cartridge type filters.
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Two ion exchangers, K-1 and K-3, are dedicated for use in
this system. Each of these ion exchangers can handle the
normal 30 gpm flow. The ion exchange media is a bed of
zeolite resin which will remove the Ca-137. The two ion
exchangers provide flexibility in opera*ion so that one
can be taken out of service without interrupting normal
flow. The ion exchange media is contained in a 4 x 4
iiper which is similar to those in use for the EPICOR II
system.

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 18 located
downstream of an air driven reciprocating diaphragm puamp
P-6 or 8. This valve automatically throttles in respomse
to chaiging level in the ion 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 is located
dovmstream of these pumps to prevent the migration of any
resin fines. The water is returned from here to the
reactor vessel via flexible hoses.

Sanpling points are provided at various locations in the
system. The samples are routed to two sample glove boxes
which are located in the Fuel Handling Building. 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 ion exchange effluent are also constantly monitored
and displayed at the local control panel.

Several inlets have been provided on the DWC system
through which borated water can be gravity fed from the
standby reactor pressure control system storage tank to
backflush the system. The system will be backflushed when
radiation levels in the piping are determined to be
excessive and prior to maintainence.

A path to allow flow to the reactor coolant bleed tanks is
provided to allow for system inventory reduction. Aleso,

batch proceasing to remove Sb-125 will be performed by

EPICOR-II from a RCBT as required. This flow path uses a 2
portion of the submerged demineralizer system. This path

is located downstream of the DWC ion exchangers, and, as

such, this flow does not pass thiough the SDS ion exchange
vessels. )
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1.3.2 System Components

P-2 A/B Reactor Vessel Cleanup Pumps

Type: Vertical Submersible Deep Well Pump

Model: Goulds VIS 9AHC/2

Material: 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

Mioioum Flow: 20 gpm

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

Type: Pleated Sintered metal media

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

Rating: 0.5 micron Nozinal Removal Rating

Flow: 100 gpm

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

Type: Disposable Cartridge

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

Flow: 20 to 60 gpm

K-1/3 lon Exchangers

Type: Zeolite resin contained in a 4°'x4' HIC

Model: Nuclear Packaging 50 fe3 Eoviralloy
Demineralizer/HIC

Flow: 30 gpo

P-6/8 Forwarding Pumps

Type: Adr driven double diaphragm pump

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

For ipstrumentation, valves, pipinR. and equipment
details, see references 14, 15, 16 and 17, respectively.

2.4 System Performance Characteristice

The system i8 designed to function in any of the modes of operation
shown in table 1 below.
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FILTER FLUW (GPM) ION EXCHANGER FLOW (GPM)
[Return to [Return to
Reactor Vesael; Reactor Vessel )
400 [200] 0
370 {170) 30
340 [140] 60

(Nuibers in brackets indicate flow i1f only one train is in
operation.)

Table 1

Reactor Vessel Cleanup System Operational Configurations

The operdtional mode is determined based upon the solids loading in
the reactor vessel. Nurmally, 40U gpm from tne reactor vessel is
filtered, and 30 to 60 gpo from the reactor vessel ia
demineralized. The 30 to 60 gpm is chosen based on the equivalent
Cs-137 concentration in the reactor vessel.

As the filters load up, the pressure differential across the filter
train increases. As the differential pressure increases, the flow
rate 18 maintained constant by manually adjusting remote valves

VNIER ~ed VINYTID FUNCINA and IND)
. FA S A A e S

Vames v

System Arrangement

Well pumps P-2A and 2B are located in the fuel storage pit of the
Unit 2 Reactor Bldg. These puops sre housed in wella which are
located in this pit. The wells are connected by hose to the
Westinghouse work platform. The pump discharge is routed to the
filter canisters via a skid mounted manifold which i8 located above
the water level of the canal. The filter isolation valves are also
located on the ekid. The filter canisters are in racks which are
submersed in the fuel transfer canal. The manifold is connected to
the inlet and outlet of the filters via coded, armoured hose. 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 ion exchange
system for further processing.
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The iono exchangers are located behind appropriate shielding ino the
Fuel Handling Building. The water that has been demineralized is
punped back to its source by air driven pumps which are located near
the ion exchangers.

The system uses the following existing pemetrations which have been
modified for their temporary function.

ra

Modified
Penetration No. System Function
R-542 Decay Heat "~ Backflush
R-546 Radwaste Di{sposal Flow to Ion
Gas Exchangers
R-553 Radwaste Disposal Return from
Reactor Coolant ion Exchangers
Liquid
Modified
Penetration No. System Function
R-537 R.B. .pergency Spray Sampling
and Core trlooding Return
R~-545B&C Spares Sampling

For further location and arrangement information, see references 7,
8 and 18.

1.6 Instrumentation and Control

1.6.1 Controls

The majority of system control is handled remotely from a
control panmel which is locat=d io the Fuel Handlinog
Building. This 18 due to the fact that much of the system
18 located in the Reactor Building which has limited
access. The reactor vessel cleanup pumps do have local
hand switches to shut the pumps down.

Filtered water flow back to the reactor vessel ie
monitored by the operator and adjusted by remotely
controlled valves VO15A and V0153 (HV30A&B). The flow to
the ion exchangers 18 controlled automatically by flow
control valve V084 (FV-10), which seeks to maintain flow
to the ion exchangers at the selected setpoint.
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The ion exchangers are located behind appropriate shielding in the
Fuel Handling Building. The water that has been demineralized is
punped back to its source by air driven pumps which are located near
the ioo exchangers.

The system uses the following existing penetrations which have been
modified for their tecporary function.

Modified
Penetration No. System Function
R-542 Decay Heat Backflush
R-546 Radwaste Disposal Flow to Ion
Gas Exchangers
R-553 Radwaste Disposal Returno from
Reactor Coolant lon Exchangers
Liquid
. Modified
Penetration No. Systen Fuoction
R-537 R.B. Emergency Spray Sampling
and Core Flooding Returno
R-545B&C Spares Sampling

For further location and arrangement information, see references 7,

8 and 18.

lInstrumentation and Control

1.6.1

Controls

The majority of systez control is handled remotely from a
control panel which is located in the Fuel :ilandling
Building. This 18 due to the fact that much of the system
18 located in the Reactor Building which has limited
access. The reactor vessel cleanup pumps do have local
hand switches to shut the pumps down.

Filtered water flow back tc the reactor vessel is
monitored by the operator and adjusted by remntely
controlled valves VO15A and VO15B (HV30A&B). The flow to
the ion exchsngers is controlled automatically by flow
control valve V084 (FV-10), which seeks to maintain flow
to the ion exchangers at the selected asetpoint.
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Return flow to the reactor vessel from the ion exchangers
i8 controlled automatically by control valves V029 and
V266 (LV 45 and 72). Each valve responds to a changing
level in ite associated ion exchanger, which is sensed by
a “bubbler” type of level measuring device. This level is
maintained between a high and low setpoint in the ion
exchanger. The forwarding pumps' head-flow
characteristics can be changed as neceded by manually
adjusting the air pressure to the pumps. This control
scheme maintainse the inflow equal to the outflow in the
iono exchanger.

For further inforwation on the instrumentation, refer to
the Instruzent Index (Ref. 14).

Power

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

Monitoring

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

The discharge pressure of the submersible well pumps 18
monitored (PI-4A & 4B) to determine if the pump is
operating correctly and also to provide another irdication
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 acroes the filters (DPI-5A & 5B). The
differential pressure acroes the canisters will be used to
deternine when the filters are loaded to capacity.

Flow in the filter train and the ion exchanger loup is
monitored (F1-7A, 7B and 10) to ensure that inflow to the
reactor vessel equals the outflow. This is important to
insure that the level in the reactor vessel remains
constant. Also, the flow to each ion exchanger is
integrated by a local device (FQI76 & 77) to determine the
loading on each ion exchanger.
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The process fluid conditions are monitored to determine
the effectiveness of the system. The turbidity level in
the fluid 1s monitored (Al 43A & 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 levels in the
process fluid are continuously monitored upstream of the
ion exchacgers (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 ion
exchangers (AE 11 & 12). This assures the operator that
the proper boron concentration is maintained in the return
flow.

The high and low level trip conditions ino the ion
exchangers alarm to the local control panel located in the
Fuel Handling Building. 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 disolute the ion
exchanger portion of the system during this event.

Trips and Interlocke

The reactor vessel cleanup well pumps, P-2A/B, are
provided with low level setpoint trips to ensure that the
punps do not operate under potential cavitation
conditions. Also, a low level in an ion exchanger will
trip its forwarding pump and terminate flow to that ion
exchanger. Additionally, a high level io the ion
exchanger would terminate flow to that ion exchanger by
closing its inlet valve, and also would etop its
forwarding pump. These trips are taken fron a
conductivity level probe in the ion exchangers. A low
level in the IIF will trip pumps P-2A and P-2B.

locally mounted toggle switches are provided near the ion
exchanger to disable the level switches to allow for
fi11l1in0g and draining of the ion exchangers. An alarm at
the local control panel alerts the operator when the level
switches are disabled.

The reactor vessel cleanup well pumps, P-2A/B are equipped
with ioterlocks to prevent them from being started during
a low level condition. Additionally, either a high or a
low level in the ioo exchangers prevents the valve
upstream of the ion exchangers from being opened and
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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
eveluated by the operator prior to restart of the system.

For trip setpointa, see section 2.2.

1.7 System Interfaces

1.8

Those systems interfacing with the DWC are as follows:

a)

b)

c)

d)

e)

Standby Reactor Pressure Control System (existing)

Use: Provide a source of borated water for backflushing
Tie-in: A sipgle connection from SPC-T-4 downstream of SPC-VI
to several points in system

Subnerged Demineralizer System (existing)

Use: Provide a path to the reactor coolant bleed tanks
Tie-in: Downstrean of C}-V-IX-32 pear 1 1/2" jumper from
downstream of ion erchanger post filters.

Instrument Air System (existing)

Use: Provide source of instrument air to equipment in the
Reactor Building.

Tie-in: Froo existing Instrusent Air supply to LOCA dampers.

Instrument Air System (existing)

Use: Provide source of instrument air to equipment located in
the Fuel Handling Building.

Tie-in: From existing Instrument Air supply to Spent Fuel Pool
gate seals

Service Air System (existing)

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

QUALITY ASSURANCE

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

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 Regulatory Guide
1.143.
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b. 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
uon-safety-related quality assurance program,

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

2.0 SYSTEM LIMITATIONS, SETPOINTS AND PRECAUTIONS

2.1

2.2

l.in{tations

The system 18 flow limited to 200 gpa through each filter train,
400 gpa total, and 30 gpm through each fon exchanger, 60 gpm through
the {on exchanger loop.

The main filter caanisters are limited to 45 psi pressure
di{fferential. At this point an alarm on the local control panel
will inform the operator to stop and restart the system or change
out the filter.

The post filters are limited to 10 psi pressure differential. At

this point, the filters are considered fully loaded and are changed
out.

Setpoints
DPSN 5 A/B trips the alarm at 45 psid across the fiiter canisters.
ASL 12 trips the alarm at a low Bcron concentration of 4850 ppo. 2

DPSH 33 trips the alarm at 10 psid acress the filter canister post
filter.

RC-LIS 103 trips alarms and pumps at high 11f level of 327'-9" and a
low 1IF level of 327'-3".

RIS~9 trips the alarm at a Ligh radiation reading of 0.9 aR/hr.
LSL 37/71 aend LSH 37/71 trip the ilon exchange loops at + 3" from the
normal operating level. (Note: Low level is 10" from top of IX,

Nigh level 18 4~ from top of IX.)

LIS 2A/B trip pumps 2 A/B at a decreasing level of 1'~0" above the
auction of the pump.

For additional setpoint information, refer to Ref. 14.
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2.3 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 coonnected in the proper locations. This precaution
4111 help prevent a loss of reactor vessel inventory.

LT

The portion of the startup procedures concerning the well pumps
should ve strictly adhered to to prevent the rapid filling of an
enpty manifold. This situation could cause a harmful pressure wave
to develop which has the potential to damage the filter media.

The filler 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 filtration process. To prevent the migration of fines
to the post filter, the ion 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. When the filter train is started up, there will be an
initial turbidity spike caused by smaller particles passing through
the nedia. As the cake is built, these particles are stopped and
the turbidity decreases. Once the turbidity reaches a level of 10
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.

3.0 OPERATIONS
3.1 Initial Fill

The system is filled initially by borated water from the standby
reactor coolant pressure system through the backflushing eystea
piuvided (see section 3.7). The filters are filled to the inlet and
outlet manifolds and the ion exchangers are filled until they reach
their normal operating level.

To initially fill the DWC 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 position. This will allow isolation valve V025 or V260 to be
opened. Once the ion exchanger is filled to the operating level,
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the level switches are returned to operation by returning the block
out toggle switch to its original position. As a reminder to the
operator, an alarm is activated at the control panel when the level
switches are blocked out.

Startup

Prior to startup, valve aligoment must be checked to verify that the
process water for each filter train and the ion exchanger loop ie
taken from and returped to the contamination barrier. The well
punps are isolated by the remote manual isolation valves. The ion
exchanger luvop is isolated by the remote isolati{on valves and the
control valve in the ion exchanger loop. The return lines to the
source are isolated by the remote control valve. The well pumps are
started and placed on minimum recirculation flowv. The pump
isolation vslve for one filter train is slowly opened to allow any
trapped air to escape through the automatic vent valves. Once the
isolation valve is fully opened, flow is started by slowly opening
the returz line to the source. Flow through this train is allowed
to reach the desired flow and then the other train is brought to the
desired flow by following the same procedure.

The ion exchanger is brought into service only after the filtration
system i8 in operation. The ion exchange system is brought into
service only after the initial turbidity spike, as monirored by the
in line nephelome:er, reaches an acceptably low level

(1.e. 10 NTU).The ion exchanger should always be brought to normal
operating level prior to operation of this portion of the system.

If the ion exchanger is at low level, it should be filled with
borated water from the back flush system (see Section 3.1). At this
tine, the inlet isolation valve is opened. The air preesure to the
iono exchanger forwarding pump is manually ad justed to the pressure
required to maintain the flow rate chosen. The air supply solenoid
valve is then opened which will start the pump and lower the level
in the ion exchanger to the point where the level control valve will
close. This level is above the isolation low level. Flow is slowly
started to the ion exchauger by opening the flow control valve until
the desired ion exchanger flow rate ia obtained. The proper flow of
water will be returned to the source automatically as the level
control for the ion exchanger adjusts the downstream control valve
to regulate the outflow.

Norm:1l 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 particulate and radiocactivity concentrations in the Reactor
Vessel.
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Shutdown

The steps to bring the system to a shutdown condition are basically
the reverse of the startup procedure. The ion exchanger flow would
be brought to zero slowly by remote operation of the upstieam flow

.control valve. As the level io the ion exchanger drops, flow froo

the forwarding punps is terminated by the closure of the control
valve downstream of the pump. Either (depending on system
operation) of the isolation valves from the filtration traios to the
ion exchanger is then closed, and the solenoid valve for the air
supply to the forwarding pump is closed. The filtration trains are
shut down one at a time by closing the flow return control valve and
then shutting down the punps and closing the pump irolation valves.

Draining

There 18 a low point drain which can drain both filtration train
manifolds and part of the ion exhcange loops to the fuel transfec
canal. A manual blockout switch is provided which will deactivate
the ioo exchanger leve! 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
cystem was initially filled. A partially drained system can be
refilled by using either the back flush system (see section 3.7) or
the w2ll pumps (see section 3.2).

Infrequent Operations

Flushing of the system may be performed when the interual
contamination level gets high or prior to internal maintenance
work. The system 18 shutdewn (see Section 3.4) prior to flushiag.

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 Fuel Handling Building. This taok-
i8 connected to the DWCS. 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 opening the drain valve to the fuel tramsfer
canal. After sufficient time has been allowed to flush the systen,
the draino valve is closed and then the inlet valve is closed. The
system 18 then restarted following the procedures in Section 3.2.

System inventory can be decreased as needed by diverting the return
flow from the ion exchangers through the lines provided to the
Reactor Coolant Bleed Tanks. Also, water can be routed to the RCBT
as required for processing to remove Sb-125.
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3.8 Transient Operations

L

The ounly effects of anticipated transients (e.g., loss of pumps,
valve misoperation, or loss of controls) are a mismatch of flows
from and to the reactor vessel. More water can be removed from the
source than is replaced by a failure to control level in the ion
exchangers. Ino the case where level coantrol ion the ion exchangers
i8 lost, the source outflow will exceed the jnflow by a maximum of
60 gpm. This situation can be detected by flow inmstrumentation in
the return line and by a decreasing level in the reactor vessel.
This 18 an unlikely event since the level controls receive their
signals irom two separate, diverse types of level instrumentation.

4.0 CASUALTY EVENTS AND RECOVERY PROCEDURES

4.1

4.2

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 coatrol ia the ion
exchangers would result in a flow mismatch. Ian this case, the
system would be autonmatically shut down until power is resatored.
Loss of power to individual cozponents would place the cooponent in
ite safe mode. An air operated valve, for example, would fail to a
position that ensures no damage to other components.

loss of power to the coantrol pamel would cause the loss of all
information and fail all control and solenoid operated valves. The
system would be shutdown until pocwer is restored.

Loss of Instrumentation/lnstrument Air

Loss of instrumeatation would haoper operations bit 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 ian 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 =ffected portion of the system.

Loss of the internals indexing fixture (IIF) level indication system
(bubbler) will result in an erroneous level indication which will be
noted when compared with a redundant level indication aystem. Sinoce
this system has no control features, no adverse system counditions
will result.
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Loss of instrument air will take the individual components to their
fail safe position. Flow mismatches induced by loss of air will
result iz automatic trips. Loss of air to the 1IF level monitoring
system will initiate a low air supply pressure alarm.

On the loss of instrument air, level control in the ioa exchangers
would be lost; however, the ion exchanger inlet isolation valve
(V025 & V2hU) would fail to the closed position. Also, the level
control valves, V029 and V266 (LV45 & LV72), will fail to the closed
position to prevent siphoning of the ion exchanger.

Filter Media Rupture

A failure of the filter media in the canister could potentially
release fuel fines to the ion exchange portion of the system. A
post filter is located downstream of both filter trains in the line
to the ion exchangers. This filtcr will trap any fuel iines which
would be transported past the filter canisters in the event of
filter failure. The post filter is designed to be critically safe
and is e¢{zed so that a small accumulation of debris will increase
the differential pressure to the alarm sctpoint. Also, the
nephelonmcters in the return line would alert the operator to a
possible media rupture since the turbidity would increase rapidly.

The recovery procedure is to isolete the filter trains and find the
ruptured filter by obeerving 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 zartridge would be
replaced and the system restarted.

Line and Hose Break

The consequences of any line and hose break 1s a loss of reactor
vessel inventary. The system has been designed to mitigate the
consequences of such an incident to the extent possible.

To help prevent a hose rupture, all process hoses are armoured. In
case of a hose rupture or line rupture, downstream of the reactor
vessel pumps, P-2A & 2B, the system is equipped to trip these pumps
on the IIF low level and alarm to the control panel. This event
could deliver approximately 5C0 to 1000 gallons of reactor vessel
water to the area of the break. Tiie potential areas affected would
be the Reactor Building and the Fuel Handling Building, each of
which has sumps or drains to the Aux. Bldg. sumps to contain the
spill.
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1f a suction hnse to the well pumps or a return hose to the reactor
vessel should rupture, a siphoning of reactor vessel water would
take place. The two & inch suction connections provided in the
Westinghouse work platform are provided with two 3/4 inch holes
drilled 18 inches below the water level which will act as a siphon
breaker. The three 2 inoch return lines are equipped with spargers,
which are simply holes drilled into the pipes. The first holes are
drilled 18 inches below the water level which will act as a siphon
breaker. The sample return line is terminated 18 inches below the
water level. Therefore, a maximum of approximately 3000 gallons of
reactor vessel 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 from these events would be accomplished by isolating
the ruptured section and replacing the ruptured hose/pipe.

5.0 SYSTEM MAINTENANCE

6.0

The maintenance procedures are the recouncnded practices and intervals as
described by the equipzment vendors. Tnis section will be expanded as
equipoent selection is finalized and vendor inforwation becomes available.

6.1

6.2

6.3

TESTING

Hydrostatic Testing

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

Leak Testing

All accessible connections will be initial service leak tested after
the piping 18 assembled.

Instrument Testing

All instruments will be calibrated by vendors. Complete
electric/poneumatic loop verification will be done during start-up.
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7.0 HUMAN FACTORS

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

Extensive use of hoses is made, especially in the Reactor Bujlding,
allowing quick irstallation and use of existing radiation shielding.
- Hoses which are expected to be frequently disconnected are equipped with
quick disconnoect couplings for ease of removal and replacement.

The following hunan factors guidelines have been incorporated into the
design of the DWCS control panel:

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

o Displays provide imnediate feedbtack that the systewm has responded
appropriately to an operator's action.

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

o Mimic lines are used to clarify flow paths.

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

o Each control device has a name plate.

o Light bulbs are replaceable fronm the froot of the panel.

o Recorders are grouped on the right side of the parel away from the
flow path.

o Adjustments to recorders and controllers can be performed from the

front of the panel.
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SUMMARY OF CHANGE

DWC ion exchanger K-2 dedicated to FTC/SFP Cleanup System and made
primary routing for Cs-137 removal with SDS now as a backup. Added to
sections 1.3.1, 1.3.2, 1.6.3, 1.6.4, 2.1, 2.2, 3.1, 3.%, 3.4, 3.5 and 4.2
ioformation on K-2 given previously ino system description 2-¥72-DWCO1
(Ref. 13). Any information added to or changed from that given
previously in Ref. 13 is listed below.

Added capability to bypass level switch on K-2 (sectiou °.5) for draining
and filling.

Added low & high level set points for K-2 level switches LSL-40 and
Lsii=40.

Deleted plug valve V100. Now ‘1se V099 to isolate 4 inch hose on return.
lipe to the FTC.

Coopleted description of Ref. 18f. Added Ref. 18k through 18q, 19, 20,
21 and 22.

Added capabilfty to route to K-2 & SDS simultaneously.
Inlet/Outlet manifolds for filter canisters are not skid mounted.

Normal operational mode nuw is 400 gpm from FTC filtered and returmed to
Fuel Pool A. 30 gpm 1s also processed in K-2.

Cesium concentration levels changed to read equivalent cesium
concentration.

Deleted sectien 4.3; corrected ref. 22b; revised ion exchanger model,
ASL-17 s2tpoint; made method of filling/refilling optional in sections
3.1 and 3.6; revised wording in section 4.4; corrected pump number in
section 4.5; delete sentence scction 2.3.
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1.0 DESIGN DESCRIPTION

1.1 Summary

The fuel transfer canal/spent fuel pool cleanup system is a
teaporary liquid processing system which is desigoned to process
water contained in the spent fuel pool and/or the fuel transfer
canal. The system's majur functions are:

req

£ a) to filter the water contained in the spent fuel pool and/or the
fuel transfer canal to remove suspended solids above a nominal
.5 oicron rating. This is done to maintain the clarity of the
water to a 1 NTU rating.

b) to remove soluble fission products froo the spent fuel pool or
the fuel transfer canal by demineralization of the water. This
is done to keep the equivalent Cs-137 concentration less than
.02 uci/ml and thus reduce the dose rate contribution of the
water. Also, a flowpath to EP1COR !I via the RCBI's is provided
to remove Sb-125 in the event that high Sb-125 levels are
encountered.

1.2 References

1. Planning Study, Defueling Water Cleanup System Doc. No.
TPO/TMI-046

2. Technical Plan, Defueling Water Cleanup System Doc. No.
TPO/TMI-047

3. Division I, System Design Description, Defueling Water Cleanup
System Doc. No. 2-R72-DWCO1

4. Bechtel Drawing 2-M74-D'WC01l, Defueling Water Cleanup (DWC)
Reactor Vessel Cleanup System P&ID

5. Bechtel Drawing 2-M74-DWC02, Defueling Water lleanup (DWC) Fuel
Transfer Canal/Spent Fuel Pool Cleanup System P&ID

6. Bechtel Drawing 2-M74-DWC03, Defueling Weter Cleanup (DWC)
Auxiliary Systems P&1D

7. Bechtel Drawing 2-POA-6401, General Arrangement Fuel Handling
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 Fuzl Cooling and Decay
Heat Removal

10. Buros & Roe Drawing No. 2026, Flow Diagram Spent Fuel Cooling
and Decay Heat Removal
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11. GPU Drawing No. 2R-950-21-001 P&ID Composite Submerged
Demineralizer System

12. ™I-2 Racovery Division System Design Description for Submerged
Demineralizer System, Dcc. No. SD 3727-005 :

13. Division System Design Description for Reactor Vessel Cleanup
System, Doc. No. 15737-2-M72-DWCO1

14. Instruzent Index, Doc. No. 15737-2-J16-001
15. Design Engineering Valve List, Doc. No. 15737-2-P16-001.

16. TMI-2 Recovery Mechanical Equipment List, Bechtel North American
Power Corp., Job 15737

17. Standard For Piping Line Specifications, Doc. No. 15737-2-P-001.
18. Bechtel Piping Isometrics

a) 2-P60-DWC01-DWCS-Punps P-2A&B, P-3A&B, P-4A&B, aund
Miscellaneous Details

b) 2-P60-DWC02-DWCS - Reactor Vessel Filter Trains A & B -~
Inlet Manifold Piping

c) 2-P60-DHC03-DWCS - Reactor Vessel Filter Trains A & B -
Outlet Manifold Piping

d) 2-P60-DNC04-DWLS - Transfer Canal/Fuel Pool Filter Traius
A & B - Inlet Manifold Piping

e) 2-P60-DWC05~DWCS - Reactor Vesul Filter Train Sample Lines

£f) 2-P60-DNC06-DWCS - Discharge Piping from Sample Boxes No.
1 & No. 2 to Penetration R-537

8) 2-P60-DWC07-DWCS - Samples Lines Upstream & Downstream of
Ion Exchangers

h) 2-P60-DWC08-DWCS ~ Forwarding Pumps P-6 and P-7, Suction &
Discharge Piping

1)  2-P60-DWC09-DWCS
Piping

Forwarding Pumps P-6 and P-7 Discharge
J) 2-P60-DWC10-DWCS - Supply Piping to Ion Exchangers K-1 &
K-2, Supply & Discharge Piping from Post Filter F-8

k) 2-P60-DWC11-DWCS - Supply Piping to lon Exchangers K-1 &
K=2

1) 2-P60-DWC12-DWCS - Borated Water Flush Piping from SPC-T-4
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o)

n)

o)

p)

q.
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2-P60-DWC13-DWCS - Tramsfer Canal/Fuel Pool Filter Traina
“"A" & "B” Outlet Manifold Piping

2-P60-DWC14-LWCS - Transfer Canal/Fuel Pool Filter Traina
“A" & "B” Outlet Manifold Discharge Piping, Supply &
Discharge to Booster Pump P-5

2-P60-DWC15-DWCS - Nitrogen Suppy Piping to SPC-T-4 and
Drying Station

2-P60-DWC16-DWCS - Discharge Piping from DWC Booster Pump
P-5

2-P60-DWC17 DWC Miscellaneous Piping Details

‘19. ECA }o. 3245-84-0034 - Defueling Water Cleanup System

Penctration Modifications

20. ECA No. 3525-84-0041 - Definition of the Defueling Water Clean'p
System (DWCS)

21. ECA No. 3527-84-0042 - SDS Tie-in to DWCS

22. Bechtel Area Piping Drawings

b.

2-P70-DWC03 D~CS Hose Network Reactor Bldg. Plan

El, 347°'~C"

2-P70-DWC04 DWCS Hose Network Fuel Handling Bldg. Plan
El. 347'-6"

Detailed System Description

1.3.1

Description

The fuel transfer canal/speat fuel pool cleanup system 1s
a 1liquid processing system which can process water from
the spent fuel pool and/or the fuel transfer canal. For
the corresponding P&ID's see references 4, 5, and 6. Some
valves identified herein have been given an instrumenta-
tion designator «8 well as a valve number. When tliis
occurs, the instrument designator is shown in parentheses
after the valve number.

The spent fuel pool (SFP) and the deep end of the fuel
transfer canal (FTC) will be filled with water to a level
of 327 ft.-8 in. A dam with top elevation 328 ft.-2 in.
separates the shallow and deep ends of the FIC.

Two vertical submersible well pumps, P-3A/B, are located
in the FTC. Each is capable of pumping a net 200 gpm. A
20 gpo continuous recycle protects the pump motor. P-3A/B
take auction from trough-type skimmer U-7 via a 6 inch
flexible hose. A secondary, 4 inch, subsurface inlet
below the skimmer will prevent pump starvation due to
skimmer congestion.
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Pumps P-3A/B discharge to the FTC/SFP filter canisters via
Reactor Buildi.g penetration R~524. The intermals 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 skismer, U-8, similar to U-7.

The system has four particulate filters, each capable of
filtering a flow of 100 gpm. The filters are contained in
modificd fuel canisters submersed in the SFP to provide
the gppropriate radiation shielding. These filters are
capable of removing debris, mainly fuel fines (UO2) end
core debris (Zr03), down to a 0.5 micron rating. Since
the canisters contain fuel fines, they are designed to
prevent a criticality condition frox 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 portiou of the systenm
is divided into two trains. Train A contains puops P-3A
and P-4A and filter canisters ¥-9 and F-10. Train B
contains purmps P-3B and P-4B and filter canisters F-11 and
F-12. In the notsal mode the system filters 400 gpm from
the FTC and returns the filtrate to the SFP. The systen
can be manifolded to filter 200 gpm from the FTC and

200 gpo from the SFP or 400 gpm trom either source. This
punp arrangement provides both flexibility in operations
and the redundancy to permit continued operation during
pucp maintenance.

A filter canister is used continuously 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 approximately 5 minutes, it is
restarted. The differential pressure is noted and 1f it
returns to a low value the system will be run again to the
pressure setpoir*. This process is repeated until the
differential prersure at raostart reaches a value near the
shutdown setpoipn.. When this occurs within one hour of
restart, the truin is shutdown and the filters are
replaced.

Filter canisters are not reusable. The filter canister:s
are conpnected to inlet and outlet manifolds via 2-1/2 inch
flexible hoses with cam and groove ccuplings.

Once the water has Leen filtered, all, or a portion of the
flow can be returned to its source (either the SFP or the
FTC). The amount of water pumped from ite source is
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controlled by manually adjusting globe valves V097 A/B.
The return path to the FTC uses Reactor Building
penetration R-539. At each source the return path splits
inoto two 2-inch returns to provide back pressure to valves
V097 A/B. One two inch return is 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 ion exchanger
K-2 or the submerged demineralizer system (SDS). Routing
to the SDS is provided as a backup to K-2 and to augment
total processing capability during times of high cesium
concentration in either source. The DWC ion exchanger K-2
can process 30 gpm. The ion exchange media is a bed of
zeolite resin which will remove Cs-137. The resin is
contained 1o a 4 x 4 liner, similar to those used in
EPICOR II. K-2 infiuent is regulated by flow control
valve V085 (FV-15) while K-2 effluent is regulated by
level coatrol valve V070 (LV-46). If either high or low
levels occur in K-2, LS!-40 or LSL-40 will trip both
isolation valve V069, halting influent, and solenoid valve
V156, 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 suspcnded solids in the event
of a canister filter media rupture. DWC post filter F-7
i8 located downstream of the forwardine pump to prevent
the migration of resin fines. DWC forwarding pump P~7, an
air driven reciprocating diaphram pump, provides the head
to return flow to either source.

The SDS can process 15 gpm. The DWC Booster Pump, P-5, is
provided to incr=ase the pressure to 140 psig to overcome
the high SDS ditferential pressure. P-5 suction pressure
will vary ioversely with pressurc differential across the
filter canisters. When the filter canisters are clean P-5
will experience maximum suction presr':e. Sioce P-5
outlet pressure is controlled, punp flowrate varies.
Pressure regulator V122 (PCV-26) coantrols SDS inlet
pressure at 140 psig, bypassing excess flow past SDS. PSV
R-1 16 provided downstream of the DWC Booster Pump to
preveant overpressuring the SDS due to V122 (PCV-26)
failure. 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 I1I,
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System Components

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

Type: Disposable Cartridge
Model: Filterite No. 921273 Type
18M503C-304-2-FADB-C150
Rating: 0.45 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 contaiped ino a
criticality safe canister

Rating: 0.5 micron liominal Removal Rating

Flow: 100 gpm

K-2 lon Exchanger

Type: Zeolite resino contained in a 4' x &' HIC

Model: Nuclear Packaging 50 ft3, Enviralloy, 2
Deaineralizer/HIC

Flow: 30 gpm

P-3 A/B 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: Franklin 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 Spent Fuel Pool Pucps

Ideatical to P-3A/B

P-5 DWC Rooster Pump

Type: Regenerative turbipe, 2 stage, SIHI model AEHY
3132 BN 112.42.4

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

Motor: S5 HP, 1750 rpm

Rating: 15 grm at 250 ft

Shutoff head: 390 ft (at min flow)

Mio Flow: 5 gpm

Seals: Mechanical, Joho Cranme type 1 with tungsten
carbide seal faces

P-7 Forwarding Pump

Type: Alr driven double diaphragm pump

Model: B.A. Bromley Heavy Metal Puzp Model No. H25
Material: Stainless Steel with Viton diaphragms
Rating: 60 feet TDH at 60 gpm
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PCV-26 Pressure reguiatce, SDS bypass
Capacity: 25 gpm

PSV R-1 Relief Valve
Capacity: 30 gpm
Orifice: Size E, 0.196 1n?
Set Pressure: 150 psig

XXX]

For further information on valves and instrumentation, refer to the
valve 1ist (Ref. 15) and the instrument index (Ref. 14). For a
1listing of all equipment see the TMI-2 Recovery Mechanical Equipment
List (Ref. 16). For piping inforazation see the Standard for Piping
Line Specifications (Ref. 17).

1.4 System Performance Characteristics

.The systen is designed to function in any of the modcs of operation
shown in Table 1 below.

Table 1

Fuel Transfer Canal/Spent Fuel Pool Cles :p System Operational Configurations

Filter Flow (GPM) SDS Flow (GPM) K-2 Flow (GPM)
From FTC From SPA From FTC Froa SFP From FTC From SFP
400 (200) 0 0 ¢} 0 0
400 (200) 0 15 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

(oumbers in brackets indicate 1 pump operation)

The operational mode is determined based upon which source needs to
be processed. Normally, 400 gpm from the fuel tranafer canal are
filtered and 30 gpm of the fitrate is processed through DWC ion
exchanger K-2. The total discharge flow (400 gpm) is returned to
the spent fuel pool to create an inflow to the fuel transfer canal
through the open fuel transfer tubes.
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The other modes of operation are chosen based on the solids and
Cs-137 cooncentrations in the sources. The filter flow rate is
chosen based on the concentration of solids io the sources. If one
source experiences a high solids loading, 400 gpm from that source
could be filtered to more rapidly reduce the solids loading. During
this time, the other source could not be processed through this
system. 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 source.

Systen 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 fuel transfer canal in the Reactor Building. The wells are
sonnected by a 6" flexible hose to skimmer U-7 located at the dam
separating the deep and shallow ends of the fuel tranmsfer canal.
Well punmps P-4A/B are submersed in the northeast end of spent fu=l
pool "4" in the Fuel Handling Building. These wells are connected
by a 67 flexible hose to skimzer U-8 located at the south end of the
SFP.

The discharge of pumps P-3A/B and P-4A/B is routed to the filter
canisters inlet manifold near the northeast end of the SFP. The
filter isolation valves, veant valves, and manual control valves
VO90A/B (HV-64A/E) 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
io the north end of the dense pack fuel rack. They are connected to
the inlet and outlet manifolds by 2~1/2 inch steel guarded,
flexible, coded hoses equipped with cam and groove coupliogs. The
coupling at the fuel canister 18 modified fer leng handled tacl
operation.

From the filter outlet manifold the water is routed either directly
back to source or to the DWC ion exchanger K-2 or SDS for further
processing. The DWC ion exchangers are Jocated behind appropriate
shielding in the northwest end of the Fuel Handling Building. The
forwarding pump P-7 is located near K-2.

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

Modified

Penetration No. System Function
R~524 Spent Fuel Dischﬁrge from
Cooling Fuel Traosfer

Canal Pumps

R-539 Decay Heat Closed Return to Fuel
Cooling Water Transfer Canal
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1.6 Instrimentation and Control

1.6.1 Controls

The components of this system are located in accessible areas
of the Fuel Handling Building. With the exception of the DWC
ion exchanger loop, valve alignment and adjustment is
performed manually to achieve the proper flows to and from
the various sources.

The flow to DWC ion exchanger K-2 is regulated automatically
by flow control valve V085 (FV-15). K-2 effluent is
regulated automatically by level control valve V070 (LV-46).

Power

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

1.6.3 Monitoring

Monitoring equipment is provided to evaluate the pefformnnce
of the system and to aid in proper operation of the system.

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

F1-15 and FQI-15 monitor the flowrate and total flow of
filtered water routed to DWC ion «xchanger K-2

AE-16 and AE-17 wmonitor pH and boron concentration in the
water leaving SDS to verify these parameters were not altered
duriog ion 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 flowrate and total flow of
filtered water returned directly to tue SFP

F1-60 & 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 wmonitors the liquid level! in DWC ion exchanger K-2
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FCC-LI-102 and SF-LI-102 monitor the water level in the Fuel
Transfer Canal and Spent Fuel Pool. They are panel mounted
io the control room. The level indication system is a
bubbler type system. A high or low level in the FTC and/or

SFP will alarm (FCC-LAHL-103 and/or SF-LAHL-103) at the panel

in the control rooan.

PI-81 and P1-82 monitor the pressure in the two instrument
air manifolds ino the Fuel Handling Building

The process fluid conditions can be sampled to determine the
effectiveness of the system. Tihe capability to obtain grab
samples of process fluid has been provided at the inlet and
outlet piping of the Fuel Transter Canal/Spent Fuel Pool
Filter Trains A and B. Grab samples may also be taken on the
inlet/outlet linea to the DWC ion exchangers as well as
several points in the SDS.

Low or high 1iquid levels ino 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 =ounted switch is provided at K-2 vo override the
level trips to fill and drain the ion exchanger. A signal
alarm at the DWC control panel will notify the operator that
the override is engaged.

systems interfacing with the DWC are as follows:

1.6.4 Trips

1.7 System Interfaces
Those
a)

b)

c)

d)

Standby Reactor Pressure Control System (existing)

Use: Provide a source of borated water for backflushing
Tie-in: A single connection from SPC-T-4 downstream of SPC-V1
to the inlet manifold piping for the Fuel Transfer Canal/Spent
Fuel Pool Filters, Trains A and B

Suboerged Demineralizer System (existing)

Use: 2rovide a system for soluble fission product processing.
Tie-in: To downstream of pump WG-P-1 of SDS from downstream of
Fuel Iransfer Canal/Spent Fuel Pool Filters. From downstream
of the SDS polishing filter to downstream of the DWCS manual
control valves V097A/B.

Instrument Air System (existinog)
Use: Provide source of instrument air to equipment.
Tile-in: At existing valves AH-V220 and IA-V171

Service Air System (existing)

Use: Provide a source of service air to the forwarding pump
P-7.

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

The defueling water cleanup system 18 classiiled according to the
safety functions of its parts. There are three classifications in
this system: y

a. Portions cf 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 Regulatory Guide
1.143.

L |

b. The filter canisters are classified as nuclear safety related
and are designed o prevent a condition that could result ino 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-safcty-related quality assurance prograam.

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

2.0 System Limitations, Setpoints, and Precautions

2.1 Lioitations

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

The filter canisters (F-9, F-10, F-11, F-12) are limited to a 45 psi
pressure differential. At this point an alarm on a local papel will
ioform the operator of the need to stop and restart the system or to
renove and replace the filter.

The post filters are limited to 10 psi pressure differential. At
this point the filters are considered fully loaded and are changed
out.

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 SDS or K-2.

2.2 Setpoints
ASL~17 Trips alarm oo a low boron concentration of 4850 ppa.

DPSH-22A & DPSH-22B Trip alarm at 45 psi pressure differential
across the FTC/SFP filter trains A & B.
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LSL-40 & LS4H-40 Trip alarm, trip closed inlet isolation valve V069
and trip closed P-7 air supply valve V156, shutting dowm P-7. Low
level set point is 10 inches below top of ion exchanger. High level
set point 18 4 ioches 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.

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

SF-L1S-103 & FCC-L1S-103 Trip alarms oo high or low levels io the
SFP and FTC. Low level set point is 327 ft-5 in. High level set
point is 327 ft-11 {iqo.

Precautions

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

The filter canisters operate by a surface filtration method, and
their efficlency increases as a cake 18 built up on the surface of
the media. Therefore, the build up of this cake is an important
part of the filtration process. To prevent the migration of fines
to the post filter, the ion exchange portion of the system should
aot 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. When the filter traino 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 turbidity reaches a level of 10
NTU or less. the ion csxchanre portion of the system can be started.
Also, to prevent the breakdown of the cake, the system should not be
started or stopped unnecessarily.

The portion of the startup procedures concerning the well puamps
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 Reactor Building penetrations R-524 at elevation 293 ft-6 ino and
R-539 at elevation 320 ft are both below the water level of 327 ft-0
io. Whea ino use the connecting piping/hose should be periodically
checked since a lipe break will cause water to be lost from the
system. When not in use, the hose should be isolated by closing
valves V117A/B and V-099 (see discussion in section 4.5).
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3.0 OPERATIONS

3.1

3.2

Ioitial Fill

To initially f111 the SFP & FTIC borated water from the Spent Fuel

Cooling System may be punped from the borated water storage taunk, ' 2
DH-T-1, by the spent fuel cooling pumps, SF-P-1A/B. To f111 the FTIC

the watcr may be routed through penetration R-524 and into the FTC j2
through the 3 ioch f111 line dowmstream of the P-3A discharge check

valve. To f1l11 the SFP, V087A/B and V0Y7B are opened and the

borated water may be routed through the filter canisters and through | -
the normal relurn process path to the SFP.

The system is8 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 initially fil1l the DWC ion exchanger K-2, the level switch LSL-40
must be overrided (see section 1.6.4) until low level is attained.
At this time the override switch should be returned to normal
cperation for further filling.

Startup

Prior to starting the system, the suction valve alignment is
verified for the mode of operation selected. The valves to the ion
exchange portions of the system are also verified to be closed. ' The
pucp discharge isolation valves are closed and the cross-tie valves
are closed. The pump for one train 1s started and allowed to
operate on minioum recirculation flow. The isolation valve for this
puop 18 slowly opended. Then the hand control valve V090 A or B
(HV-64 A or B) is opened 10% and any trapped air veated through
manual vent valves located on the inlet and outlet manifolds. After
venting, V090 (HV-64) is opened fully. Ounce this has been
acconplished, flow is started by slowly opening the appropriate
outlet cross-tie valve(s). Once one train has been started, the
other train, if desired, may be brought into service in the sanme
manner.

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 10 NTU is sufficient to route to K~2 or SDS.

The DWC ion exchanger K-2 should always be brought to normal
operating liquid level prior tc operation of this portiomn of the
system. Either borated flush water or filtered water of less than
10 NTU cao be used. If the 1iquid 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,
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the air supply solenoid valve V156 is opened. Pressure regulator
V157 (PICV-58) is then manually adjusted to the pressure required to
maiotain 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 18 obtained. K-2 effluent is automatically controlled by
level control valve V070 (LV-46).

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

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 1s 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 ion exchanger flow 1is
brought to zero gradually by remote opvration of upstream control
valve V085 (FV-15). Correspondingly, level control valve V070
(LV-%6) will gradually tercinate flow from K-2. After termination
of flow the iplet isolation valve V069 is closed and the P-7 air
supply isolation valve 18 closed. If the SDS is in use, the booster
puop 18 switched off and isolation valves V111, V139, and V1C2 are
closed. Following this, the well pumps are switched off and the
punp isolation valves and the cross-tie valves are closed.

Draining

The majority of the system can be draired to the spent fuel pool.
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 Buildiog sump since the penetration
elevation is below the spent fuel pool water level. The DWC ion
exchanger K-2 can be pumped out to either 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.

Refilling

The fully drained system may be refilled in the same manner that the 2
system was initially filled. A partially draiped system zay be

re{illed by using either the back fiush 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.
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One flushing option is 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 Fuel Handling Building. This taok is
coonected to the DWCS. Either filter train may be flushed without
stopping flow through the other. -

Flushing may be accowmplished 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 fuel transfer canal or
the speat fuel pool. After sufficient 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.

‘riy

3.8 Transient Operations

The results of loss of pumps or filter train misaiignment are flows
oot returoing to the proper source. However, since this is the
norcal operational mode of the system and since the sources are
connected by the fuel transfer tubes, the results of these
transients are negligible. Vent o:* drain valve misoperation would
have the same effect as a line break (see section 4.5) but could be
oore readily rectified.

4.0 CASUALTY EVENTS AND RECOVERY PROCEDURES

4.1 Loss of Power

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

4.2 Lloss of Instrumentation/Instrument Air

Loss of instrumentation would hamper operations due to loss 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
indication for that channei and, for those channels that have
control features a flow mismatch. This flow mismatch will result ino
an automatic shutdown of the affected portion of the system.

Loss of either the spent fuel pool or FIC 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 inmstrument air will take the individual components to their
fail safe position. Flow mismatches induced by loss of air will
result io automatic trips.

On loss of instrument air, level coantrol to the ion exchanger would

be lost. But both the inlet isolation valve V069 and the outlet

level coantrol valve V070 (LV-46) would fail closed isolating the ion
~exchanger.
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4.3 Deleted

4.4

4.5

Filter Media Rupture

A fallure of the filter media in the canister could potentially
release fuel fines to the ion exchange portion of the system. The
SDS ie equipped with a sand prefilter which his borosilicate glass
to control reactivity (see ref. 12) and the DWC filter canister post
filter precedes DNC ion exchanger K-2. There are differential
pressure gauges supplied on the filters to determine 1if tney are
loading. Loading of the SDS prefilter or the filter canister post
filter could indicate ruptured filter media.

The recovery procedure is to isolate the filter trains and find the
raptured filter by observing the differeatial 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.

Line and Hose Break

If a rusture occured in the system, the pumps could deliver fuel
transfer canal and/or spent fuel pool water to the Fuel Handling
Building or the Reactor Building. 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 sonitors provided for the canmal/pool. The
operator would then shut the system down.

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

If a filter canister inlet/outlet hose ruptures, that canister will
be isolated and the hose replared. Since these hoses are submerged
io the SFP, this results in no net water loss.

If a hose connecting the skimmer (U-7 or U-8) to the well pumps
breaks, then the ability to surface skim will be hampered or lost,
but pump capacity will oot be deminished nor will there be a loss of
water.

If the hose on the FTC return line downstream of penetration R-539
breaks, then process water will be lost to the Reactor Building
sump. The resulting loss in level would be detected and alarmed by
the canal/pool monitors. This hose is steel armored to minimize
accidental damage. Check valves V-235A/B are provided to prevent
siphoning the FTC if the hose (or coonecting line) breaks.

Furthermore, the normal raturn path ie to the SFP; thus this hose is
oot normally used. When not in use this hose will be i{solated by
closing valves V117A/B and V099 to minimize the effect of a hose
break.
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A break on the P-3A/B discharge line which uses penetration K-524 lz
would cause process water to be lost to either the Reactor Building

or che Fuel Handling Building. The water loss would be detected

both by a decrease in the monitored flowrate returped to the fuel

pool or fuel transfer canal and also by the drop in fuel pool and/or
transfer canal level. When the- fuel transfer canal pumps, P-3A/B, |2
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.

SYSTEM MAINTENANCE

The maintenance procedures are the recomnmended practices and intervals as
described by the equipment vendors. This section will be expanded as
equipment selection is finalized.

TESTING

6.1 Hydrostatic Testing

All piping and hose will be hydrostatically pressure tested.
Testing of hose will be done after couplings have been attached.
Pipe will be tested outside the buildings.

6.2 Leak Testing

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

6.3 Ilonstrument Testing

All ipstrumants 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 versus
outlaet.

Extensive use of hoses is made, especially in the Reactor Buiiding,
allowing quick installation and use of existing radiation shielding.
Hoses expected to be frequently discoonected are equipped with quick
disconnect couplings for ease of removal and replacement.

The following human factors guidelines have been lncorporated into the
design of the DWCS control panel:

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

© Displays provide immediate feedback that the system has responded
appropriately to an operator's action.
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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 © feet above the floor.
Each control device has a nameplate.
Light bulbs are replaceable from the froot of the panel.

Recorders are grouped on the right side of tl.e panel away from the
flow path.

Adjustments to recorders and con:irollers can be performed from the
front of the panel.
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