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1.0 Introduction 

1.1 General 

The defueling water cleanup (DWC) system is designed to reaove 
radioactive ions and particulate matter from the fuel transfer canal. 
spent fuel pool •A• and the reactor vessel. The aajority of the 
particulate matter is removed by processing the water through nominal 
0.5 micron rated sintered aetal filters. The lov aicron rating of 
the filters will assure v�ry lov turbidity as well as reducing the 
particulate activity in the water. 

Removal of the radioactive ions (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 systea (SDS). 

1.2 Scope 

The scope of this document includes the operation of the DWC system. 
the components of the DWC system an� ita interfaces to existing 
systems and components. This technical evaluation report (TER) io 
applicable only during the recovery aode as the DWC system is a 
temporary system required to support recover.y 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. 13 

2 . 0  System Description 

2.1 General 

The DWC s;atea is designed to proceas water from the reactor veaael. 
spent fuel pool. and fuel transfer canal. The 3ystea's aajor 
functions are given below. 

a) The DWC system filters the water contained in the reactor 
vessel. the spent fuel pool. and the fuel transfer canal to 
remove suspended solids above a nominal 0.5 aicron rating. This 
is done to aaintain the clarity of the water to a 1 NTU 
(nepheloaetric turbidity unit) rating. 

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

-6- Bev. 3 
0058Y 



�--
15737-2-<:03-106 

The DWC ayatea 1a coapoaed of tvo aajor aubayateu, vhich allov 
areater processing flexibility during post pleuua reaoval 
operations. These tvo subsystems are, the reactor veaael cleanup 
ayatem and the fuel transfer canal/spent fuel pool cleanup system. 
Online a .. pling of both subsystems for turbidity, pH and boron 
concentration is provided by the system design. The detailed systea 
description for the DWC reactor vessel cleanup ayatea is provided in 
Attachment 1. Attachment 2 provides the detailed aystea description 
for the DWC fuel transfer canal/spent fuel pool cleanup system. Also 
included as Attachments 3 thr�ugh 7 are tue following figures: 

Attachment 3 Reactor Veaael Cleanup Syatea, Piping and Instrument 
Diagram 

Attachment 4 Fuel Transfer Caual/Spent Fuel Pool Cleanup System, 
Piping and Instrument Diagraa 

Attach11ent 5 Atu:iliary Syati!IL1, Piping and Instrument Diagram 

Attachment 6 Fuel Handling Building, General Arrangement 

Attachment 7 Reactor Building, General Arrangeaent 

2.2 Quality Classification 

The quality classification of the DWC system vitb exception of the I filter/canister units vbich are not within the scope of this TER is 2 
laportant to Safety. laportant to Safety as used here is defined in 
the IHI-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 
envlron��ental illpact of the systea during nonul or postulated 
accident conditions. The iapact of postulated DWC system failures is 
provided belov on a case-by-case basis. 

The system failures evaluated are loss of power, loss of 
instrumentation/instrument air, filter aedia rupture, and line 
breaks. The design of the systea ia auch that none of the events 
results in un&cceptable consequences. Other safety concerns 
evaluated vith respect to operation of the DWC system were decay beat 
reaoval, criticality, boron concentration control, heavy load drops, 
and radioactive releases. No unacceptable consequences were fo�d to 
result fra. operation of the DWC systn provided that proper 
adainistrative control is aaintained. 
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3.2 Poatulated System Failures 

3.2.1 

3.2.1.1 

3.2.1.2 

3.2.1.3 

Reactor Veaael Cleanup System 

Loaa of Power 

A loaa of power to the entire system would ai•ply abut 
the ayatem down. A lou of power to the well puapa 
with an additional failure which results in 
aimultaneoua loss of level control in the ion 
exchangers would result in a flow aiautch. In this 
case, the system would be automatically abut down 
until power ia restored. Loss of power to individual 
components would place that component in ita •afe •ode 
for an air operated valve; for example, it would fail 11 
to a position that ensures no dauge to other 
components. 

Loss of power to the control panel would cause the 
loaa of a!l inforution and fail all control and 
aolenoid operated valves. The ayatem would be 
abutdovo until pover ia reatored. 

Loss of lnstrumentation/Inatruaent Air 

Loss of a single instrument channel vill result in the 
loaa of indication for that cbnnnel and, for thoae 
channel& that have control features a flov •ismatch. 
This flow aismatch will result in an automatic 
shutdown of the affected portion of the ayatem. 

Loss of the internal• indexing fisture (liP) level 
indication ayatem (bubbler) vill result in an 
erroneous level indication which will be noted vhen 
compared vith a redundant level indication aystem. 
Since thia ayatem baa no control feature&, no adverse 
ayatem conditiona vill reault. 

Loaa of inatruaent air will take the individual 
components to their fail aafe poaitio�. Flow 
•iamatchea induced by loaa of air vill result in 
automatic trips. Loaa of air to the liP level 
•onitoring ayatem will initiate a lov air aupply 
preaaure &lam. 

Filter Media Rupture 

A failure of the filter .edia in the caniater could 
potentially release fuel fines to the ion exchange 
portion of the ayatem. A post filter ia located 
dovnstreaa of both filter trains in the line to the 
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_ >n exchanger&. Tbia post-filter vi11 trap any fuel 
flues which would be traneported past the filter 
cuuisters in the event of filter failure. The post 
filter ia aized to be critically aaie and eo that a 
gross rupture in a filter canister will increase the 
differential pressure to the &lara setpoint. 
Turbidity �tera will aid in the detection of gross 
filter •edia rupture by detecting changes in water 
clarity. 

Upon detection of a filter •edia 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 11 being recirculated to the reactor vessel. A lover 
differential press�re for a given flow will indicate 
which filter is ruptured. The ruptured canister or 11 
canisters and the post-filter cartridge would then be 
replaced as required and the aystem restarted. 

Line Break 

The principal consequence of any line, or bose break 
in the reactor vessel cleanup system is a loss of 
reactor vessel inventory. The system is de&i6Qed to 
aitigate the consequences of aucb an incident to the 
extent possible. 

To help prevent a bose rupture, all process water 
hoses are armoured. In case of a bose rupture or line 
rupture, downstream of the reactor vessel pumps, the 
ayatem will trip these pu11ps on llF lov level and 
alarm at control panels in the control room and fuel 
handling building. Tbia could deliver approxiaately 
500 to 1000 gallons of reactor vessel water to the 
area of the break. The potential areas affected would 
be the Reactor Building and the Fuel Handling 
Building, each of which baa auaps to contain the apill. 

Siphoning of reactor vesGel water could take place if 
any of the lines connected to the well puap auction or 
return hoses, or if the hoses tbellaelvea, are daaaged 
or rupture. The two, 4 inch auction connections 
provided in the Wcatingbouse vork platform will be 
provided with two, 3/4 inch holes drilled 18 inches 
oelow the water level vbich will act as a aipbon 
breaker. The three 2 inch return linea will be 
equipped with apargera, which are holes drilled into 
the pipes. The firat holes are drilled 18 inches 
below the water level which will act as a aiphon 
breaker. The aample return line will terainate 18 
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inches belov the water level. Alao, isolation valves 
will be provided in the Westinghouse aupplled piping 
which could be u1ed to manually terminate the 
aiph�ning. Therefore, a aaximum of approxiaately 3000 
gallons of reactor vessel water would 1pill into the 
fuel tran1fer canal folloving a hose rupture. 
Approximately half of thia vater vould be contained in 
the Nev Fuel Pit. 

The recovery from these events vould be accomplished 
by isolating the ruptured 1ection and �eplacing the 
ruptured ho•e/p1pe. 

Fuel Transfer Canal/Spent Fuel Pool Cleanup Syste� 

Lou of Pover 

A loss of pover to any portion of the 1ystem vould 
shut that portion of the ayatem dovn. Loss of pover 
to individual components would place that co�ponent in 
its aafe mode for an air operated valve, for example 
it would fail to a position that ensures no damage to 
other components. 

Loss of Instrumentation/Instrument Air 

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 flov m·��tch. 
This flov mismatch vill result in an automatic 
shutdown of the affected portio� of the system. 

Loss of either the spent fuel pool or FTC level 
monitoring ayatem vill be noted vhen compared vith the 
other. The readings should normally be the same since 
both vater bodies are in communication via the fuel 
transfer tubes. Neither system has control features. 

Loas of instrument air vill take the indivi�ual 
components to their fail aafe position. Flov 
aismatches induced by loaa of air will reault in 
automatic trips. Loss of air to the llF level 
aonitoring ayate�� (bubbler) wUl initiate a lov air 
supply preaaure alarm. 

Filter Media Rupture 

A failure of the filter aedla in the canister could 
potentially release fuel fines to the ion exchange 
portion of the ayatem. Flov may be routed to DWC ion 
exchanger l-2 or to the SDS both of vhicb have filters 
upstream to trap algrating fuel fin�a. Ion exchanger 12 
l-2 baa a cartridge type filter in a critically aafe 
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caniater and SDS ia equipped with tvo filtera in 
aeriea, both of which have boroaillcate &].aaa to 
control reactivity (aee Ref 2). Differential preasure 
ia aeaaured acroaa the filtera to indicate ruptured 
filter aedia. The SDS filter bypaaa ia 
administratively controlled to prevent inadvertent 
operation. 

Upon detection of a filter aedia rupture the filter 
trains will be iaolated aLl the rup�ured filter will 
be identified by obaerviug the differential pressure 
versus flov for each individual caniater witb flow 
being recirculated to the fuel pool. A lover 
differential preasure for a given flow will indicate 
which filter ia ruptured. the affected canister or 
caniaters and the SDS pre-filter veaoel or filter 
canister post filter cartridge would then be replaced 
as required and the ayatem restarted. 

Line Break 

If a rwpture occurred in the FTC/spent fuel pool 
cleanup ayatea, the DWC ayatem apent fuel pool puzaps 
could deliver fuel tranafer canal and/or apent fuel 
pool water to the Fuel Handlin& Buildin& or the 
Reactor Building. This action would lover the level 
in the canal and the pool. A drop of one inch in 
canal/pool level ia approxiaately equivalent to 1250 
gal. A level loss would be detected and alar.ed (lov 
level alarm 3• below normal liquid level) by at least 
one of the two redundant level indicatin& ayateaa 
provided for the canal/pool. The operator would tnen 
abut the aystem dovn. 

· 

Process water hoaea are employed in three aervicea in 
tbia aystem; filter canister inlet/outlet, akiamera to 
well pumps, and dovnatream of penetration R-539. 

If a filter caniater inlet/outlet bose ruptures, that 
canister will be iaolated and the hoae replaced. 
Since these boaec ure aubaerged in the SPP, this 
resulto in no net water loss. 

If a bose connecting the aki .. er to the well puapa 
breaks, then the ability to aurface akia will be 
baapered or loat, but puap capacity will not be 
diainiahed aa the boae ia routed underwater to the 
pumpa and a puap auctioc aupply will continue to be 
available. 
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lf the bose on the FTC return line dovustream of 
penetration R-539 breaks, then process water v1ll be 
lost to the Reactor Building sump. the resulting loss 
in level would be detected and ala�d by the I canal/pool aonitors. This hose is steel armored to 1 

ainimize accidental damage. Check valves are provided 
to prevent siphoning the FTC if the bose (or 
connecting line) breaks. Purtberaore, the normal 
return path is to the SFP; thus this hose is not 
normally used. When not in use this bose should be 
isolated by closing valves to ainiaize the effect of a 
bose break. 

A break of the fuel transfer canal pump discharge l!ne 
which uses penetration i-524 would.cauae 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 i� the aonitored flovrate returned 
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 vill be closed. This will 
prevent a syphoning of the FTC when the pumps are not 
in use. 

3.3 Decay Heat Removal 

Decay heat removal is currently performed by beat loss to ambient. 
No change in this mode of operation ia required to operate the DWC 
system. The large exposed surface of the open reactor vessel and the 
FTC will aignj.ficantly enhance the ruoval of decay heat. 

3.4 Criticality 

Subcriti�ality of the core is maintained by a high concentration of 
boron in the reactor coolant syste� (RCS). Subcriticality of the 
fuel within the filter canister will be assured by 1eaign and vill be 
addressed in the licensing document for the canisters. the fuel 
transfer canal/spent fuel pool pump and the reactor vessel cleanup 
pU3ps will be evaluated to assure that the design of the pump does 
not allow an accumulation of a significant quantity of fuel. The 
system piping and the post-filtr.r will also be designed to prevent a 
possible critical configuration of fuel debris. This will be 
accomplished by restricting the size and configuration of 
components. Furthermore, the post-filter will not accuaulate 
significant quantities of fuel unless filter rupture occurs (see 
Sections 3.2.1.3 an.d 3.2.2.3). Fuel accuaulation in other ayotell 
coaponents vill be precluded by the filtration of the water. 
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3.S Boron Dilution 

the only �redible aeana of attaining criticality of the fuel 
contained in the Yeaael ia throuah deboration of the &CS water. The 
ayproach deacribed in References 6 and 7 for preven�ion of �eboration • 
will. be followed for operation of the DWC ayatea. Specific ayatea 
evaluations with reapect to deboration control will be pertoraed 
pri�r to DWC ayatea operation. koron dilution during defueling will. 
be addresaed in a revisi:� of the ·Haz�rds �lyaia: Potential for 
Boron Dilution of Reactor Coulant Syatea•. 

3.6 Heavy Load Drops 

In-containment load handling will constat of the transfer of the DWC 
filter caniatera froa the deep end of the FTC to the Fuel Handling 
Building via the fuel transfer ayatem. the handling of theae 
caniatera will be in accordance with procedurea, or unit work 
inatructions (tT.ll'a) which will define load patba. Tbeae load patba 
will be a�niatratively controlled to enaure that a poatulated drop 
of a caniater would not comproaiae plant aafety or the integrity of 
-.:he FTC floor. 

Load handling within the Fuel Handling Building wiJ..L consiat of the 
aoveaent of SDS ion exchange linera, the reactor veaael cleanup 
aystea liners, the DWC filter canisters and tranafer caaka. The 
heavy load drop anstyaia for the SDS casks ia &iven in reference 3. 
The reactor vessel cleanup syatem linera will be aoved uaing the 
existing caska for the EPICOR II aystea. The total heavy load of the 
cask and liner 1a leaa than that of the ahield pluas removed !rota 
apent fuel pool •A•. The load path for aoveaent of the linera, 
although not over the apent !uel pool, is part of the aaae load path 
uaed for the apent fuel pool •A• ahleld plug removal. The load path 
and heavy load drop analysis provided in the apent fuel pool •A• 
refurbiahaent S!R (Ref. 5), therefore, bounda the aoveaent of the 
liners and casks. The radiological concerns associated with a load 
drop are bound by the analysia in Reference 4 which concludes the 
health and aafety of public ia not endauae=ed aa a =eault of.thie 
hypothetical accident. the hacdling of hea�y loada over the apent 
fuel pool 1a not within the scope of this doc\JIIIent a.nd will be 
addressed in the Early Defueling S!R. 

3.7 Radioactive Releases 

Tbe operation and deaign of the DWC system waa reviewed with respect 
to radioactive releaaea. No direct radioactive release patba to the 
environment u1ata for the a7atea. Local spillage of contaioated 
water fro• the DWC a7atea will. result in a local contaaiUAtion 
problem. Since the specific activity of the water ia esaentially 
that of the fuel traufer canal and spent fuel pool, no significant 
radioactive releasee above those from the open poole can occur when 
proceaain& pool water. Defuelin& activitiea have the potential of 
significantly increasing the apecific �ctivity of the reactor veaael 
water. To preclude any significant releasee during tbeae period• the 
operating procedures a3aoc1atcd with processing reactor veaael water 
aball include requirements to euure isolation of the ayatea should a 
line break or aaaaive syatea leakage occur. 
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4.0 Radioloaical and Environmental Assessment 

4.1 O(f-Site Dose Aasessaent 

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 systea 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 the plant 
Tentilation system. However, operation of the DWC system will 
aaintain the reactor and fuel pool water at very low apecific 
activity, thereby ainimizing this as a potential release source. 
Since the aource available for rel�ase f�o• the SDS grestly esceeds 
that available from the DWC aystem, the off-site dose analysis 
provided in the SDS TER (Ref. 4) bound& those of the DWC aystea. 

4.2 On-Site Dose Assessment 

4.2.1 Reactor Vessel Cleanup System 

The potential exiata that defueling aay significantly increaae 
the apecific activity in the reactor veasel water. Thia could 
possibly occur during defueling through disturbance of the 
core debrla. Material greater than nominal O • .S aicroiUI would 
be captured in underwater filter caniaters. The aoluble 
fiaaion products. particularly ceaiua-137, would be removed by 
proceaaing through the aaaociated ion exchange aedia. The 
filter canister• are located underwater at a depth greater 
than four feet in the reactor building �d therefore do not 
represent a radiological problem. The water to be proceaaed 
is piped through a reactor building penetration to the ion 
eschange aedia at 20 to 60 1� (aax. 30 gpm/train) depending 
on the specific activity of the r�actor veaa�l water. These 
process linea and the linera for the ion escbange aedia 
repreaent potential radiological bazarda. 

To aaseaa the radiological bazarda. the dose rates from DWCS 
piping and component& during operation were evaluated. 
Sources in the water were aasuaed to be fuel particles and 
dissolved radioactive arterial&. The design basia 
concentrations of these aourcea are l ppm suspended aolida and 
a concentration of aoluble aateriala equivalent in dose rate 
to 0.02 ��1/al of ceaiua-137. During operation at the 
deaigu bas-• conce�trationa. the doae rate fro• a long 3• 
di .. eter urJhielded bose is 0.2 ailirea/hour at a diata�ce of 
2 feet. 

During detueling operations both the solublea and auspended 
solids cc.ncentrations in the water aay increase. To aaaeas 
increase1J in doae ratea during upset water conditions, a 
combination of a 20 curie cesiua-137 spike and an 
instantsneoua release of approsiaately J.S lb of suspendable 
fi�e d�bria to the reactor Teasel volume is postulated, A 

-14- Jlev. 1 
OO.SBY 



.... . -�.-.......... -------..... -=-;::-::.:.;::==::=-::�-----=---===-=-=--: .. -
15737-2-GOJ-106 

long 3• diaaeter hoae carrying water at the reaulting 
concentration• would reault in a doae rate of 9 a1llirea/hour 
2 feet fro• the hoae. Process linea vbich are dovuatreaa of 
the filters do not contain the suspended aolida concentrations 
poatulated for the upaet water conditions. A 3• diaaeter bose 
dovuatream of the filters would produce a doae rate of 2 
a1llirea/bour at a distance of 2 feet, due to the aolub:e 
radioactive aateriala remaining in tbe vater. 

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

Dose rates froa eolublea are baaed on the specific activity of 
ceaium-137. Other isotopes vhich aay contribute significantly 
to gamma doae rates are ceaium-134 and antiaony-125. The 
cesium-134 concentration is normally an order of aagnitude 
leas than that of ceaium-137. Antimony-125 1a not removed by 
the DWCS ion exchangera with a reliable decontaaination 
factor. However, the doLe rate for antillony-125 ia leaa than 
that of ceaiua-137 for a given concentration. If antiaony-125 
in the DWCS becomes a significant dose contributor to workers, 
the reactor coolant aay be proceaaed through the EPICOR II 
ayatea in a batch processing mode. Batch processing v1ll be 
used because chemical adjustment of the coolant ia required. 
EPICOR II will remove the antimony-125 with a aatiafactory 
decont&��ination factor. 

Three zeolite ion exchangers are needed to handle the flow 
from DWC ayatem. Tvo are needed for the reactor vessel 
cleanup ayJtem to provide a 60 gpm flovrate through the ion 
f!'ltchAngera. One 1a used for FTC/apent fuel pool cleanup. SDS 12 is also to be used for FTC/apent fuel pool cleanup. 

The shielding requirements for the11e liners will be baaed on a 
homof,�nized 500 Ci source in a 4 x 4 liner, aiailar in 
construction to thoae used for EPICOR II. S1nce cbangeout of 
liners will be baaed on radiation level, and since the 500 Ci 
loading ia conservatively hiah (actual loadins ahould be 
approxiaately 100 Ci, aee Section 4.3), the calculated 
shielding requirement ia considered acceptable. 

The contact doae rate on the aide of the liner for a 
hoaogenized 500 Ci source ia approxiaately 185 R/hr. The 
linera will be abielded to lillit the ahield contact dose rate 
at the aide and on top of the liner to a aaxiaua of 5 
a1llirea/hr. The cor-:rete floor will reduce the doae ratea on 
lover elevations to leas than 5 ailllrea/br. 

Both dose ratea repreaent an upper bound, and aa indicated, 
the doae rates vuuld not poae any undue operational 
constraints if actually attained. 
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lf hoaea or pipin& in the DWC ayatea break, water rill be 
releaaed in the Reactor Buildin& or the FHB. Tbia water aay 
contain auapended fuel particle& and diaaolved radioactive 
aateri&la. The apecific activity of the DWC ayatu vater rill 
be aaintained lov enough that peraonnel acceaa to the apiL\ 
area rill not be precluded. After the ruov&l of the spilled 
water, the area aay require decontaaination to reduce loose 
aurface contaaination to acceptable levels. Tbua there are no 
aafety concerns aaaociated with the breakage of DWC ayatem 
hoaea or pi pea. 

4.2.2 ruel T"ranafer Canal/Spent Fuel Pool Cleanup Syatm 

The fuel transfer canal/spent fuel pool cleanup ayatem 
proceaaea water throuah the DWC ion ezchan&er �-2 or SDS. The 12 
vater in the poola vill be aaintained by thia ayatea at .01 to 
.02 �Ci/al of ceaium-137. Tbia ia aignificantly lover 
concentration& than vater proceaaed by SDS. The analyaia 
provided in the SDS TER Referec:e 4 therefore bounds the doses 
poaa1ble froa thia ayatea. 

4.3 Occupational Ezpoaurea 

Operation of the DWC ayatea rill reduce the occupational erpoaure 
during defuellng operationa by aaintainin& lov apecific activitiea in 
the fuel transfer canal, apent fuel pool and reactor veaael. The DWC 
ayatea ia deaigned to aaintain the aazimum Ceaiua-137 concentration 
in the vater to between .01 and .02 �Ci/al. Thia rill reault in a 
contribution to aeneral area dose rat�• of 10 to 20 aillirea/hr from 
the vater. 

lt ia eatiaated that approriaately 42, 4z4 linera each loaded vith 52 
curies of Ceaium-137 rill oe required for the reactor veaael cleanup 
ayatea. The occupatioDJOl doae to vorlr.era durin& each chanae-out ia 
eatiaated to be lea. 0.1 aan-rm. Therefore the total accumulated 
doae for cbanae out of the eatiaated 42, 4z4 linera ia 4.2 aan-rea. 

The follovin& table provide• an eatiaate of the aan-houra and aan-rea 
aaaociated with the inatallation, operation, aaintenance and removal 
of the in-contaiu.ent and fuel handlin& building portion& of the 
DWCS. These eatiaatet are baaed upon current aan-hour projectiona. 

lH-CON'IAIHKENT 

Activity Han-Houra 

Ina tallation 505 
Operation 40 
Maintenance 85 
Reaov&l 250 

-16-

Doae Rate (aR/hr) 

60 
60 
60 
60 

Han-Ilea 

30.3 
2.4 
5.1 
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FUEL HANDLING BUll.DING 

Activity Han-Hours Dose Rate (aR/hr) Kan-Rea 

lnata�lation 
Operation 
Maintenance 
Removal 

34,4CO 
26,280 

8,600 
17,200 

0.3 
').3 
0.3 
0.3 

10.3 
7.9 
2.6 
5.2 

The total aan rem attributable to the operation and aaintennnce of 
the DWC ayatem, as a vbole, ia �x�ected to be between 65 and 125 ll aan-rem. Thia estiaate is baaed upon a total of 80 aan-rem from 
above increased by 20% for Health Physics coverage and allowing + 30% 
due to uncertainties. 

-

5.0 Safety Evaluation 

5.1 Technical Specifications/Recovery Operations Plan 

Ho additional Tecbniral Specifications/Recovery Operations Plan 
changes, beyond those r!quired for head removal, are required to 
install and operate the �c system. 

5.2 Safety questions (10CFR50.59) 

10CFR50, Paragraph 50.59, peralta the holder of an operating license 
to aake changes to the facility or perform a teat or ezperiaent, 
provided the change, teat, or experiment is determined not to be an 
unrevieved safety question and does not involve a aodification of the 
plant technical apecificatJ�na. 

A proposed change involves an unrevieved safety question if: 

a) Tbe possibility of occurrence or the conaequencea of en accident 
or �lfunction of equipment important to safety previously I 1 
evaluated in the safety analysis report aay be increased; or 

b) The poaaibtlity for an accident or aalfunction of a different 
type than any evaluated previously in the safety analysis report 
aay be created; or 

c} The aargin of aafety, aa defined in the baaia for any technical 
specification, is reduced. 

The DWC ayatem does not inc ·eaae the probability of occurence or t.be 
consequences of an accident or aalfunction of equip.ent laportant to 
aafety previously evaluated in a aafety analyaia report. The syatea 
failures evaluated are presented in section J.2 of this report. No 
failures of the DWC system were found which vnuld increase the 
probability of occurence or the conaequenaea of an accident or 
aalfunction of equipment laportant to aafety. In addition, operation 
of the DWC systea will be performed under strict adainistrative 
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procedural control t� further ensure safe operation. The procedures 
used for operation of the DWC system vill be reviewed and approved 
p�ior to use in accordance vith Technical Specification 6.8.1. 

The possibility of an accident or aalfunction 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 liquid radvaste system utilized to aaintain clarity and 
lov specific activity in the reactor vessel, fue! transfer canal, and 
spent fuel pool water. Aa such, the possibility of an accident or 
aalfunction is of the aaae type aa previously evaluated for other 
liquid radvaate systems. 

Operation of the DWC system does not result in a reduction in the 
margin of safety aa defined in the bases for the Technical 
Specifications. Liquid effluents vill not be released to the 
environment directly from DWC system operations. The effluents from 
operation of the DWC vill be returned to the sources in order to 
IIAintain proper water levels. Any gaseous effluents resulting f�om 
DWC system operations vill traverse exiati� gaseous effluent flov 
paths. The gaseous effluents vill be less than those generated 
during processing of the water from the reactor buildJng basement'by 
SDS. The results of the radi�active release analys�s p=esented in 
the SDS Te�hnical Evaluation Report therefore bound the releases from 
the DWC. Since no change in the aaximum permissible concentrationd 
or the 'nstrument configuration or setpoints specified in Appendix B 
of the Technical Specifications vas required for SDS operation, and 
since the DWC system operation is bounded by the SDS operation, no 
changes are reGuired for DWC systea operation. 

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

6.0 Refo!rences 

1. Recovery Program System Description, Auxiliary Building EmerJency 
Liquid Clean-up System (EPICOR II), GPUNC Letter 441Q-84-L-Q023, Feb. 
24, 1984. 

2. 

3. 

4. 

s. 

Technical Evaluation Report (TER) for the Submerged Demineralizer 
System, GPUNC Letter 441Q-84-L-109 dated July 19, 1984. 

Letter from G. �. Hovey, GPU, to B. J. Snyder, NRC, dat.ed Septeaber 
30, 1981, •eontrol of lleavy Loads·. GPU letter No. I..L2-81-0277. 

S..e as Reference 2. 

Safety Evaluation Report (SER) for the iefurbishaent of Fuel Pool 
•A•, Revision 1, June 1983, GPUHC Letter 4410-83-L-0156, July 29. 
1983. 
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6. SER for Removal of the THI-2 Reactor Vea1el Head, Revision 5, 
February 1984. 

7. SER for the Operation of the llF Proceasina Syat�. Revision 1, Kay 
1984. 

8. TER for Defueling �niatera 

· -
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1.0 DESIGN DESCRIPTION 

1.1 Sumoary 

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

a) to filter the water contained in the reactor vessel t o  remove 
suspended solids above a nominal .5 micron rating. This is d�ne 

� to maintain the clarity of the water to a 1 NTU rating. 

b) to re�ove soluble fission products from the reactor vessel 
contamination barrier by demineralization of the water. This is 
done to keep the equivalent Cs-137 concentration less than 
.02 �ci/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/TIU-046 

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

3.  Division I,  System Design Description, Defueling Water Cleanup 
System Doc. No. 2-R72-DWC01 

4. Bechtel Drawing 2-M74-DWC0l , Defueling Water Cleanup (DWC) 
Reactor Vessel Cleanup System 

5.  Bechtel Drnwing 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 £1. 347'-6• 

8. Bechtel Drawing 2-POA-1303, General Arrangement P!enum Removal 
Reactor Building 
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9.  

10. 

11. 

� 
12. 

13. 

14 . 

15. 

16. 

17. 

18 . 

2-M72-DWC0l 

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

Burns & Roe Drawing No. 2026, Flow Diagram Spent Fuel Cooli�g 
and Decay Heat Removal 

GPU Drawing No. 2R-950-21-00l P&ID Cocposite Submerged 
Demineralizer System 

TMI-2 Recovery Division System Design Description for Subcerg�d 
Demineralir�r System, Doc . No. SD 3527-005 

Division System Design Description for Spent Fuel Pool/Fuel 
Transfer Canal Cleanup System, Doc . No. l5737-2-M72-DWC02 

Instrument Index, Doc . No. l5737-2-Jl6-001 

Desi&n Engineering Valve List, Doc. No. 2-Pl6-001 

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

DII-2 Recovery Mechanical Equipoent List Bechtel North American 
Power Corp. Job 15737 

Bechtel Piping Isometrics 

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

b. 2-P60-D�C02-DWCS - Reactor Vessel Filter Trains A & B -
Inlet Manifold Piping 

c. 2-P60-D�C03-DWCS - Reactor Vessel Filter Trains A & B -
Outlet Manifold Piping 

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

e. 2-F60-DWC05-DWCS - Reactor Vessel Filter Train Sacple Lines 
f .  2-P60-DWC06-DWCS - Discharge Piping from Sample Boxes 

No. 1 & No. 2 to Penetration R-537 
g. 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 
i .  2-P60-DWC09-DWCS - Forwarding Pumps P-6 and P-7 Discharge 

Piping 
j. 2-P60-DWC10-DWCS - Supply Piping to Ion Exchangers K-1 & 

K-2, Supply & Discharge Piping for Post Filter F-8 
k. 2-P60-DWCll-DWCS - Supply Piping to !on E.xcha�gers K-1 & 

K-2 
1.  2-P60-DWC12-DWCS - Borated Water Flush Piping from SPC-T-4 
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m.  2-P60-D�Cl3-DWCS - Transfer Canal/Fuel Pool Filter Trains 
"A" & "B" Outlet. Manifold Piping 

n .  2-P60-DWC14-DWCS - Transfer Canal/Fuel Po�l �ilter Trains 
"A" & "B" Outlet Manifold Discharge Piping, Supply & 
Discharge t o  Booster Pump P-5 

o. 2-Pb0-DWC15-DWCS - Nitrogen Supply Piping to SPC-T-4 and 
Drying Station 

p .  

q .  

2-P60-DWC16-DWCS - Discharge Piping from owe Booster Pump 
P-5 
2-P60-DWC17 owe Miscellaneous Piping Details 

19. £CA No. 3525-84-0041, Definition of the Defueling Water Clr.�nup 
System. 

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

�1. ECA N�. 3527-84-0042, SDS Tie-in to OWeS . 

22. Bechtel Area Piping Drawings 

a .  

b .  

2-P70-��C03 OWeS Hose Nrtwork Reactor Bldg. Plan 
El. 347'-6" 
2-P70-DW004 DWCS Hose Network Fuel Handling Bldg. Plan 
El . 347'-6" 

1 . 3  Detailed Systea 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 is shown schematically on Dwg. 2-M74-DWeOl , and 
its associdted Dwgs. 2-M74-DWC02 and 2-M74··DWe03. (Note, 
�ome valves identified herein have been given an 
instruaent designator as well as a valve number. When 
this occurs, the instrument designator is shown in 
parentheses after the valve number . )  

The system has two submersible type pump� (deep well 
pumps), P-2A and 2B, which are housed in wells and located 
in the fuel storage pit in the shallow end of the fuel 
transfer canal in 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 vella. 
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The system has four particulate filters, F-1, 2 ,  3 and 4, 
each capable of filtering a flow of 100 gpo. The filters 
are composed of sintered metal filter media which is 
contained in modified fuel canisters. These filters are 
capable of removing debris, mainly fuel fines (U02) and 
core debr$ s (Zr02) ,  down to a 0 . 5  micron rating. Since 
the canisters contain fuel fines, they are designed to 
prevent a criticality . condition from existing when they 
hav� been loaded. Also, the filters are submersed in the 
transfer canal to provi�e the appropriate radiation 
shielding. 

The two pumps and four filters are arranged so that one 
puop discharges to two filters. Therefore, the filtration 
portion of the system is d ivided into two tra!ns, each 
train contains one pump which feeds two filter canisters. 
This allows the system to filter 200 or 400 gpo from the 
Reactor Vessel. Normally, the system will process 400 gpm 
of P.eactor Vessel water. The two pump arrangement allows 
for greater fl�xibility in system operations and provides 
redunda�cy to allow system operation during maintenance. 

A filter is u&ed continuously until the differential 
pressure reaches a predetermin�d 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 
system will be run again to the pressure setpoint. This 
process is repeated until the differential pressure at 
restart reaches a value near the . shutdowu setpoint. When 
this nl"r.urR v1 thfn onP hour, 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 
�ount of water returned is controlled by remotely 
adjusted valves VC15A & B (HV30A&B) .  Each of these linea I � will connect. via flexible hoses. to the separate inlet 
nozzles on the work platform. A sparger has been placed 
on each return line to maintain a positive pressure in the 
attached hoses. 

That portion of the flow not returned to the vessel can be 
further processed to remove soluble fissi � products. The 
flow from the pumps. which passes through a single line to 
the ion exchangers. is autouatically controlled by 
remotely adjusted flow control valve V084 (FV-10).  There 1 2.  
is a post filter. F-5. located in that line to ensure 
that. in case of a failure of a filter canister. no fuel 
fines can re�ch the ion excl�ngers. 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 w�ich will re�ove 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 
liner 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 nmtch the 
inflow. The outflow is regulated by a throttling control 
valve V029 or V266 (LV 45 or 72)0  which is located 
downstream of an air driven reciprocating diaphragm pump 
P-6 or 8. This valve automatically throttles in response 
to cha11�ing 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 puops. Post filter F-6 is located 
dounstream of these pumps to prevent the ctgration of any 
resin fines. The water is returned from here to the 
reactor vessel via flexible hoses. 

Saopling 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 nephelometer& and displayed at the 
local control panel. The radiation levels of the ion 
exchange influent and t�P. 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 co the reactor coolant bleed tanks is 
provided to allow for system inventory reduction. Also. 
batch proceas�ng to remove Sb-125 will be performed by 
EPICOR-11 from a RCBT as required. This flow path uses a I 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 th1 ough 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 

2-M72-DWC0l 

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 
Minimum Flow: 20 gpm 

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

Type : Pleated Sintered metal media 
Hodel: Pall Trinity special product contained in a 

crictically safe canister 
Rating: 0 . 5  micron Nominal Removal Rating 
Flow: 100 gpm 

F-5/6 Hlter Canister Post F"ilter and DWC Post Filter 

Type: Disposable Cartridge 
Hodel: Filterite No. 921273 Type 18M503C-304-2-FADB-Cl50 
Rating: 0 . 45 micron nominal removal rating 
Flow: 20 to 60 gpm 

K-l/3 Ion Exchangers 

Type� 
Hodel: 

Flov: 

Zeolite resin contained in a 4 ' x4 ' HIC 
Nuclear Packaging 50 f t3 Enviralloy 
Demineraliz-er/HIC 

30 gpm 

P-6/8 Forwarding Pumps 

Type: Air driven double diaphragm pump 
Model : B.A. Bromley Heavy Metal Pump Model No. H25 
Material: Stainless Steel vith Viton diaphragms 
Rating: 60 feet TDH at 60 src 

For instr�entation, valves, pipin�. and equipment 
details, see references 14, 15, 16 and 17, respectively. 

� . 4 System Performance Characteristics 

The system is designed to function in any of the modes of operation 
shown in table 1 below. 
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FILTER FLOW (CPH) 
[Return to 
Reactor Vesael J 

400 [ 200) 
370 ( 170) 
340 [ 140) 

2-H72-DWC01 

ION EXcHANGER FLOW (CPH) 
[Return to 
Reactor Vessel )  

0 
30 
60 

(Nu�bers in brackets indicute flow if only one train is . in 
operation . )  

Table 1 

Reactor Vessel Cleanup System Operational Configurations 

The opcrdtional mode 1& determined based upon the solids loading in 
the reactor vessel. Normally, 400 gpm from tne reactor vessel ia 
filtered, and 30 to 60 gpc from the reactor vessel ia 
demineralized. The 30 to 60 gpm is chosen based on the equivalenc 
Cs-137 concentration in the reactor vessel . 

As the filters load up, the pressure differential across the filter 
train increases . As the di fferential pressure increases , the flow 
rate is maintained constant by manually adjusting remote valves 
'.'0!�.\ =::.:! '.'!:'!..!� � !!'.'-2�.4 . .::� 30� ) .  

1 . 5  System Arrangement 

: 

Well pumps P-2A and 28 are located in the fuel storage pit of the 
Unit 2 Reactor Bldg. These pumps are housed in vella which are 
located in this pit . The wells are connected by hose to the 
West inghouse work platform. The pump discharge is routed to the 
filter canisters via a skid mounted manifold which 1a located above 
the water level of the canal. The filter isolation valve� are also 
located on the ekid. The filter canisters are in racks which are 
submersed in the fuel tranyfer canal. The manifold ia 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 th� vessel or to the ion exchange 
system for further processing. 
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The ion exchangers are located behind appropriate shielding in the 
Fuel Handling Building. The water that has been demineralized is 
pumped back to ita source by air d riven pumps which are located near 
the ion exchangers. 

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

Penetration No. 
Modified 
Function 

R-542 

R-546 

R-553 

Decay Heat 

Radwaste Disposal 
Gas 

Rad�asLe Disposal 
Reactor Coolant 
Liquid 

Backflusb 

Flow to Ion 
Exchangers 

Return from 
:Lon Exchangers 

Penetration No. System 
Modified 
Function 

R-537 

R-545B&C 

R .  B. :.oets'!ncy Spray 
and Core ilooding 

Spares 

Sampling 
Return 

Sampling 

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

1 . 6  Inst rumentation and Control 

1 . 6. 1  Controls 

The majority of system control is handled remotely from a 
control panel which is locat�d in tbe Fuel Handling 
Building. This is due to the fact that much of tbe system 
is 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 is 
monitored by the operator and adjusted by remotely 
controlled valves VOl�A and V0153 ( HV30A&B) . The flow to 
the ion exchangers is controlled automatically by flov 
control �alve V084 (FV-10), which seeks to ma1ntain flow 
to the ion exchangers at the selected setpoln t .  
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The ion exchangers are located behind appropriate shielding in the 
Fuel Handling Building. The water that has been demineralized ia 
pucped back to its sodrce by air driven pumpH which are located near 
the ion exchangers. 

The system uses the following exist�ng penetrations which have been 
modified for their tecporary function. 

Penetration No. 
Modified 
Function 

R-542 

R-54b 

R-553 

Decay Heat 

Rndwast� Disposal 
Gas 

Rldwaste Disposal 
Reactor Coolant 
Liquid 

Back flush 

Flow to Ion 
.Exchangers 

Return from 
Ion F.xchangers 

Penetration No. 
Modified 
Function 

R-537 

R-545B&C 

R . B .  Emergency Spray 
and Core Flooding 

Spares 

Sampling 
Return 

Sampling 

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

1 . 6  Instrucentation and Control 

1 . 6 . 1  Controls 

The majority of syste� control is handled remotely from a 
control panel which is located in the Fuel i�ndling 
Building. This is due to the fact that much of the system 
is 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 remotely 
controlled valves V015A and V015B (11V30A&B) .  The flow to 
the ion exchangers is controlled automatically by flow 
control valve V084 ( FV-10) .  which seeks t o  maintain flow 
to the ion �xchangers at the selected aetpoint . 
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Return flow to the reactor vessel fro= the ion exchangers 
is controlled automatically by control valves V029 and 
V266 (LV 45 and 72).  Each valve responds to a changing 
l�vel in its assoc�ated ion exchanger, which is sensed by 
a "bubbler" type of level measuring device. This level is 
m�intained between a high and low setpoint in the ion 
exchanger. The forwarding pumps' head-flow 
characteristics can be changed as needed by manually 
adjusting the air pressure to the pumps. This control 
scheme maintains the inflow equal to the outflow in the 
ion exchanger. 

For further info�ation on the instrumentation, refer to 
the Instru�ent Index (Ref. 14) .  

Power 

The pump cotors are supplied with 480V power through a 
motor control center which is energized by an existing 
unit substation located in the Auxiliary Building. 120 
VAC power will be supplied fro= the control panel or local 
sources. 

Monitoring 

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

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

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

Flow in the filter train and the ion exchanger loop is 
monitored (Fl-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 is 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. Th� radiation levels in the 
process fluid are continuously monitored upstream of the 
ion exchacgers (R£-9 ) .  A high radiation alarm (RAH-9) i s  
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 in the ion 
exchangers aldrm to the local control panel located in the 
Fuel Handling Building. This is done to ensure that the 
operator is aware of thi s 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 Interlocks 

The reactor vessel cleanup well pumps , P-2A/B ,  are 
provided with low level setpoint trips to ensure that the 
puop& do not operate under potential cavitation 
conditions. Also, a low level in an ion exchanrer �ill 
trip its forwarding pump and terminate flow to that ion 
exchanger. AddJ.tionally, a high level in the ion 
exchanger would terminate flow to that ion exchanger by 
closing its inlet valve, and also would atop ita 
forwarding pump. These trips are taken froa a 
conductivity level probe in the ion exchangers. A low 
level in the IIF will trip pumps P-2A and P-28 . 

Locally mounted toggle switches are provided near the ion 
e�changer to disable the level switches to allov for 
filling and draining of the ion exchangers. An a.hrm at 
the local coutrol panel alerts the operator when the level 
switches are disabled. 

The reactor vessel cleanup well pumps, P-2A/B are equipped 
with interlocks to prevent them from being started during 
a low level condition. Additionally, either a high or a 
low level in the ion 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 i s  properly 
ev£luated by the operator prior to restart of the system. 

For trip setpointa, see section 2 . 2 .  

1 . 7  Sys tem Interfaces 

Those systems interfacing with the DWC are as follows : 

a)  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-VI 
to several points in system 

b)  Submerged Demineralizer System (existing) 
Use: Provide a path to the reactor coolant bleed tanks 
Tie-in: Downstream of 01-V-IX-32 near 1 112• jumper from 
do��1stream of ion eYchanger post filters. 

c) Instrument Air System (existing) 
Use: Provide source of inst rument air to equipment in the 
Reactor Building. 
Tie-in: From e�isting Instr�ent Air supply to LOCA dampers . 

d)  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 

e )  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 

1 . 8  QUALITY ASSURANCE 

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

a .  Portions of the system associated with ion exchange processing 
are c?nsidered 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 condit i on that could result in a 
return to nuclear criticality uf the fuel retained in the 
Ultera. 

c. The remaining portions of the system are subject t o  the BNAPC 
�on-safety-related quality assurance program. 

The n11-2 Recovery QA Plan vUl be applicable for work · performed on 
s i t e .  

2.0 SYST�� L I � ITATIONS, SETPOINTS ��D PRECAUTIONS 

2 . 1  L l � l t n t ions 

The �ystcm is flow limited to 200 gpc through each fi lter t ratn, 
400 gp::1 total, and 30 gpm through each ion exchanger, 60 gpm through 
the lon exchanger loop. 

The main f i l ter canistc�s ore llmlted to 45 psi pressure 
d i fferent ial .  At this point a n  alarm on the local control panel 
w i l l  inform the operator to stop and restart the system or change 
out the filt!!r. 

The post filters are limited t o  10 psi pressure differenti a l .  At 
this point, the filters are considered fully loaded and are changed 
out. 

2 . 2  Setpoints 

DPSII 5 A/B trips the alarm at 45 psid across the f1 lter canisters. 

ASL 12 trips the alarm a t  a low Btron concentration o f  4850 ppm. I Z 
DPSII 33 trips the alarm at 10 psid acr�ss the filter canister post 
f i lter. 

RC-LIS 103 trips alarms and pumps a t  high IIF level o f  327'-9- and a 
low llF level of 327'-3-. 

Rl�-9 trtps the alarm at a high radiation reading of 0.9 mR/hr. 

LSL 37/71 und LSH 37/71 trip the ion ezchange loops at + 3• from the 
normal operating level. (Note: Low level i s  10· from top of IX, 
�Ugh level is 4• from top of IX. )  

LIS 2A/B trip pumps 2 A/B a t  a decreasing level of 1 • -o· above the 
auction of the pump. 

For addi t i onal setpoint informa tion, 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 connected in the proper locations. This precaution 
�ill help prevent a loss of reactor vessel inventory. 

Th� portion of the startup procedures concerning the well pumps 
should be strictly adhered to to prevent the rapid filling of an 
ecpty manifold. This si tuation could cause a harmful pressure wave 
to develop which has the potential to damage the filter media. 

The fil:er canisters operate by a surface filtration method, and 
their effic iency 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. ��en the filter train is started up, there will be an 
initial turbidity spike caused by smaller particles passing through 
the media. As the ca�e is built, these particles are stopped and 
the turbidity decreaseJ. Once the turbidity reaches a level of 10 
NTU or less, the ion exchange portion of the system can be started. 
To pr�vent 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 vork. 

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 ayatec 
pl�vided (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 inltially fill the DWC ion exchangers K-1 and K-3 the level 
switches must be blocked out. This is accomvlished by placing the 
block-out toggle svitch, for the ion exchanger to be filled, in the 
proper position. This vill allov 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 to�gle switch to its pr1g1nal position. As a reminder to the 
operator, an alarm is activated at the 'ontrol panel when the level 
switches are blocked out. 

Startup 

Prior to startup, valve ali�nment must be checked to verify that the 
process water for each filter train and the ion exchanger loop ia 
taken from and returned to the contamination barrier. The well 
pu�ps are isolated by the remote manual isolation valves. The ion 
exchanger l�op is isolated by the remote isolation valves and the 
control valve in the ion exchanger loop. The return lines to the 
source Jre isolated by the remote control valve. The well pumps are 
started and placed on minimum recirculation flow. The pump 
iso��tion valve 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 retur� 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 saQe procedure. 

The ion exchanger is brought into service only after the filtrAtion 
system is in operation. The ion exchange system is brought into 
service only after the initial turbidity spike, as monitored by the 
in line nephelometer, reaches an acceptably low level 
( i . e .  10 N!U) .The ion exchanger should always be brought to normal 
operating level prior to operation of this portion of the system. 

If th� ion exchanger is at low level, it should be filled with 
borated water from the back flush system (see Section 3 . 1 ) .  �t this 
time. the inlet isolation valve is opened. The air preesure to the 
ion exchanger forwarding pump is manually adjusted 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 lov level. Flow is slowly 
started to the ion excha�.ser 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. 

3 . 3  Norm_l Operation 

Normal operation of the system is in one of the mod�s shown in 
Table 1 of Section 1 . 4 .  The mode o f  operation chosen i s  baaed on 
the particulate and radioactivity concentrations in the Reactor 
Vessel. 
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3 . 4  Shutdown 

3 . 5  

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

. control valve. As the level in the ion exchanger drops, flow froo 
the forwarding puops is terminated by the closure of the control 
valve downstream of the pump. Eithe� (depending on system 
operation) of the isolation valves from the filtration trains to the 
ion exchanser is then closed, and the solenoid valve for the air 
supply to the forwarding pump i s  closed. The filtration trains are 
shut down one at a time by closing the flow return control valve and 
then shutting down the puops and closing the pump iRolation valves. 

Oraining 

There is a low point drain which can drain both filtration train 
manifolds and part of the ion exhcange loops to the fuel transfe: 
canal.  A manual blJckout switch is provided which will deactivate 
the ion exchanger leve1 switches. This allows the ion exchangers to 
be pumped out to the reactor coolant bl�ed tanks via the connection 
provided . 

3 . 6  Refilling 

The fully drained system ca� be refilled in the same manner that the 
£ystem was initially filled. A partially drained system can be 
refilled by using either the back flush system (see section 3 , 7) or 
the well pumps (see section 3 . 2 ) .  

3 . 7  Infrequent Operations 

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

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 f t .  elevation in the Fuel Handling Building. This tank . 
is 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 transfer 
canal. After sufficient time has been allowed to flush the system, 
the drain valve is closed and then the inlet valve is closed. The 
system i s  then restarted following the procedures in Section 3 . 2 .  

System inventory can b e  decreased a s  needed b y  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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Tranoient Operations 

The only effects of anticipated transients (e.g. , loss of pumps , 
valve misoperatioo, 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. In the case where levt:l control in the ion exchangers 
is lost , the source outflow will exceed the 1nflow by a maximum of 
60 gpm. This situation can be detected by flow inst rument�tion in 
the return line and by a decreasing level in the reactor vessel. 
This is an unlikely event since the level controls receive their 
signals from two separate,  div�rse types of level inst rum�ntation. 

4 . 0  CASUAJ.TY EVENTS AND RECOVERY PROCEDURES 

4 . 1  Loss of Power 

A loss of po�er to the entire system would simply shut the system 
down. A loss of power to the well pumps with an additional failure 
which results in simultaneous loss of level control in the ion 
exch.1ngers would result in a flow mismatch. ·ln this case, the 
system would be automatically shut down until power is  re�tored. 
Loss of power to individual cocponents would place the component in 
its 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 control panel would cause the loss of all 
information and fail all control and solenoid operated valves. The 
system would be shutdown until power is restored. 

4 . 2  Loss of Inst rumentation/Inst rument Air 

Loss of instrume�tation would hamper operations bet no adverse 
conditions would result and the system could be safely shut down 
unt il the problem is resolved. 

Loss of a sin&le instrument channel will result in the loss of 
indication for that channel and, for those channels that have 
control features a flow mismat�h. 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 vlll be 
noted when compared with a redundant level indication aystem. Since 
this system has no control features, no adverse system conditions 
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 in automatic trips. Loss of air to the llF level monitoring 
system will initiate a low air supply pressure alarm. 

On the loss of instrument air,  level control in the ion exchangers 
would be los t ;  however, the ion exchanger inlet isolation valve 
(V025 & V26U) 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 
po�t filter is located downstream of both filter trains in the line 
to the ion exchangers. This filt�r will trap any fuel iines which 
would be transported past the filter canisters in the event of 
fitter failure. The post filter is designed to be crit ically safe 
and is etzed so that a small accumulation of debris will increase 
the differential pressure to the alarm sctpoint. Also, the 
nepheloceters iu the return line would alert the operator to a 
possible media rupture since the turbidity would increase rapidly. 

The �ecovery procedure is to isolate the filter trains and find the 
ruptured filter by obcerving the differential pressure versus flow 
for each individual canister. Lower differential pressure for a 
given flow will indicate that this filter i s  ruptured. That 
canister or canisters and the post filter =artri1ge would be 
replaced and the system restarted. 

4 . 4  Line and Hose Break 

The con�equences of any line and hose break is a loss of reactor 
vessel invent�ry. The system has been designed to mitigate the 
consequences �f such an incident to the extent possible. 

To help prevent a hose rupture, all process hoses are armoured. I n  
case o f  a hose rupture o r  line rupture, downstream o f  the reactor 
vessel pumps, P-2A & 2B, the system is equipped to trip these pumps 
on the IIF low level and alanD to the control panel. This event 
could deliver approximately 5CO to 1000 gallons of reactor vessel 
water to the area of the break. Tl1e 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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lf a suction hose to the well pumps or a return hose to the reactor 
vessel should rupture, a siphoning of reactor vessel water would 
take place. The tv� 4 inch suction conn�ctions provided in the 
Westinghouse work plat form 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 inch return linea are equipped with spargera, 
which are simply holes drilled into the pipes. The first holes arc 
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 t ransfer canal 
following a hose· rupture. Approximately half of this water would be 
contained in the New Fuel Pit .  

The recovery fro� these events would be accomplished by isolating 
the ruptured section and replacing the ruptured hose/pipe. 

5. 0 SYSTE.'I !1AlNTEN.\NCE 

The cainten.lnce procedures are the recoo.'lcnded practices and intervals as 
described by the equipment vendors. This section will be e�pnnded as 
equipment selection is finalized and vendor info�ation becomes available. 

6 . 0  TESTING 

6.1 Hydrostatic Testing 

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

6 . 2  Leak Test ing 

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

6 . 3  Inst rument Testing 

All instruments will be calibrated by vendors. Complete 
electric/pneUMatic loop verification will be done during start-up. 
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7 . 0  BU� FACTORS 

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

Extensive use of hoses is made, especially in the Reactor Bujlding, 
�!lowing quick irstallatlon and use of existing radiation shielding. 
Hoses which are expected to be frequently disconnected are equipped with 
quick disconnect couplings for ease of re�:�oval and replacement . 

The following hu�an factors guidelines have been incorporated into the 
design of the D�CS control panel: 

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

o Displays provide imoed1ate feed�ack that the syste1:1 has resp�nded 
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 l.ight bulbs are replaceable fro�:� the front of the panel . 

o Recorders are grouped on the right side of the par t! away frnm 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 Syste� and oade 
pri�ary 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  
informat·ion on K-2 given previously i n  syste� descrivtion 2-M72-0WC01 
(Ref. 13).  A."''y 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 dra ining 
and filling. 

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

Deleted plug valve VlOO. Now 'JSe V099 to isolate 4 inch hose on return 
line to the FTC. 

Completed description of Ref. l8f. Added Ref. 18k through 18q, 19, 20, 
21 and 22. 

Added capabil�ty to route to K-2 & SDS simultaneously. 

lnlet/Outlet manifolds for filter canisters are not skid mounted. 

Normal operational mode nuw is 400 gpm from FTC filtered and returned to 
Fuel Pool A. 30 gp� is also processed in K-2. 

Cesium concentration levels changed to read equivalent cesium 
concentration. 

Deleted sect ion 4 . 3 ;  corrected r e f .  2 2 b ;  revised ion exc-hanger mo:lel , 
ASL- 1 7  s�tpoin t ;  made method of f i l l ing/re f i l l ing opt ional in sect ions 
3 . 1  and 3 . 6 ;  revised wording in section 4 . 4 ;  corrected pu�p number in 
section 4 . 5 ; delete sentence section 2 . 3 .  

' . 
. . 
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1 . 0  DESIGN DESCRIPTION 

1.1  Sumoary 

The fuel trdnsfer canal/spent fuel pool cleanup system is a 
te�porary liquid processing system which is designed t o  process 
water contained in the spent fuel pool and/or the fuel transfer 
canal. The system ' s  major functions are: 

a )  t o  filter the water contained i n  the spent fuel pool and/or the 
fuel transfer canal to remove suspended solids above a nominal 
. 5  cicron rating. This is done to caintain the clarity of the 
water to a 1 NTU rating. 

b) to rc�ove soluble fission products !roc the spent fuel pool or 
the fuel transfer canal by demineralization of the water. This 
is done to keep the eq�ivalent Cs-137 concentration less than 
.02 �ci/ml and thus reduce the dose rate contribution of the 

water. Also, a flowpath to EPlCOR !I via the RCBI ' s  is provided 
to remove Sb-125 in the �vent that high Sb-125 levels are 
encountered. 

1 . 2  References 

1. Planning Study, Defueling �\ter Cleanup System Doc. No .  
TPO/�I-046 

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

3. Division I, Sy3tem Design Description, Defueling Water Cleanup 
System Doc. No. 2-R72-DWC01 

4 .  Bechtel Drawing 2-M74-DWC01, Defueling Water Cleanup (DWC) 
Reactor Vessel Cleanup System P&ID 

5. Bechtel Drawing 2-H74-DWC02, Defueling Water :leanup (DWC) Fuel 
Transfer Canal/Spent Fuel Pool Cleanup System P&ID 

6. Bechtel Drawing 2-M74-DWCOJ, Defueling �cter Cleanup ( DWC) 
Auxiliary Systems P&lD 

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

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

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

10. Burns & Roe Drawing No. 2026, Flow Diagram Spent Fuel Cooling 
and Decay Heat Removal 
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11. CPU Drawing No. 2R-950-2l-001 P&ID Composite Submerged 
Deminera1izer System 

12. THI-2 R�covery Division System Design Description for Submerged 
Demineralizer System; Dec . No. SD 3 · 2 1-005 

13. Division System Design Description for Reactor Vessel Cleanup 
System, Doc. No. 157J7-2-M72-DWC0l 

14. Inst rument Index, Doc. No. 15737-2-Jl6-001 

15. Design Engineering Valve Lis t ,  Doc . No. 15737-2-Pl6-001 . 

16. nll-2 Recovery Mechanical Equipmt.!nt List ,  Bechtel North American 
Power Corp . ,  Job 15737 

17 . Standard For Piping Line Speci f ications, Doc . No. 15737-2-P-001. 

18. Bccht�l Piping Isocetrics 

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

b)  2-P60-UWC02-DWCS - Reactor Vessel Filter Trains A & B -
Inlet Manifold Piping 

c) 2-P60-D�C03-DWCS - Reactor Vessel Filter Trains A & B -
Outlet Manifold Piping 

d) 2-P60-DWC04-UW�S - Transfer Canal/Fuel Pool Filter Traina 
A & B - Inlet Manifold Pi?ing 

e) 2-P60-DWC05-DWCS - Reactor Vesd Filter Train Sample Unes 

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

g) 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 

i )  2-P60-DWC09-DWCS - Forwarding Pumps P-6 and P-7 Discharge 
Piping 

j )  2-P60-DWC10-DWCS - Supply Piping to Ion Exchanger� X-1 & 
K-2, Supply & Discharge Piping from Post Filter F-8 

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

1) 2-P60-DWC12-DWCS - Borated Water Flush Piping from SPC-T-4 
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m) 2-P6Q-DWC13-DWCS - Transfer Canal/Fuel Pool Filter Traina 
"'A"' &. "'B"' Outlet Manifold Piping 

n) 2-P60-DWC14-twCS - Transfer Canal/Fuel Pool Filter Traina 
"'A"' & "'B"' Outlet Manifold Discharge Piping, Supply & 
Discharge to Boost e r  Pump P-5 

o) 2-P60-DWC15-DWCS - Nit rogen Suppy Piping to SPC-T-4 and 
Dryins Station 

p )  2-P60-D�Cl6-DWCS - Discharge Piping !roo DWC Booster Pump 
P-5 

q .  2-P60-DWC17 DWC Miscellaneous Piping Details 

"19. ECA t:o. 3245-84-0034 - Defueling Water Cleanup System 
Penetration Modificat ions 

20. ECA t;o. 3525-84-0041 - Definition of the Defueling Water Clean•1p 
System (DWCS) 

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

22. Bechtel Area Piping Drawings 

a .  

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"' 

1 . 3  Detailed System Description 

1 . 3 . 1  Description 

The fuel t ransfer canal/spent fuel pool cleanup system is 
a liquid proceasing system which can process water from 
the spent fuel pool and/or the fuel t ransfer canal. For 
the corresponding P&ID's see references 4, 5, and 6 .  Some 
valves identified herein havP. been given an instrumenta-

f z.  

tion designator us well as a valve number. When tl�s Z 

.. 

occurs, the instrument designator i s  shown in parentheses 
after the valve number .  

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

�� vertical submersible well pumps, P-3A/B, are located 
in the FTC. Each is capable of pumping a net 200 gpm. A 
20 gpm continuous recycle protects the pump motor. P-JA/8 
take auction from trough-type skimmer U-7 via a 6 inch 
flexible hos e .  A secondary, 4 inch, subsurface inlet 
below the skimmer will prevent pump starvation due to 
skimmer congestion. 
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Pucps P-JA/8 discharge to the FTC/SFP filter canisters via 
Reactor Buildi.&g penetration �-524. The internals of 
check valve SF-Vl90 are removed to make use of exist ing 
piping connected to R-524. 

Two vertical submersible vell pumps, P-4A/B, identical to 
P-3 A/B in the FTC, ar� located in the SFP. P-4A/8 take 
suction from t rough-type skimmer ,  U-8, similar to U-7 • 
The system has four particulate filters, each capable of 
filtertng a flov of 100 gpm. The filters are contained in 
modified fuel canisters submersed in the SFP to provide 
the appr.>priate radiation shielding. These filters are 
C•lpable of remo·,ing debris, mainly fuel fines (U02) t>nd 
core debris (Zr02 ) ,  down to a 0 . 5  micron rating. Since 
the canisters contain fuel fines, they arc des igned to 
prevent a criticality condition from existing when they 
have been loaded. 

The four pumps and four filters arc normally manifolded so 
one pucp from e�ch source discharges to one pair of 
filters. Therefore, the filtration portiou of the system 
is divided into tvo trains. Train A contains pumps P-3A 
and P-4A and filter canisters :·-9 3nrl F-10.  ':rain B 
contains pu�ps P-38 and P-48 and filter canisters F-11 and 
F-1 2 .  I n  the nor�al mode the system filters 400 gpm from 
the FTC and returns the filtrate to the SFP. The system 
can be manifolded to filter 200 gpm from the FTC and 
200 gpm from the SFP or 400 gpm t rom either source. This 
pump 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 reach�s a aet point (See uection 
2 . 2 ) .  At this point the system is shutdovn and then, 
after a waiting period of approxim,tely 5 minutes, it i s  
restarted. The differential pressure is noted and if  i t  
returns t o  a low value the system will be run again to the 
pressure setpoiL�.  This process is repeated until the 
differential prersure at restart reaches a value near the 
shutdown setpoin . .  When this occurs vithin one hour of 
restart, the trt.1n is shutdown and the filters are 
replaced . 

Filter canisters are not reusable. The filter canister� 
are conoected to inlet and outlet =�nifolds via 2-1/2 inch 
flexible hoses with cam and groove couplings . 

Once the water has ueen 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 ita

.
source is 
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controlled by manually adjusting globe valves V097 A/B. 
The return path to th� FTC uses Reactor Building 
penetration R-539. At each source the return path splits 
into two 2-inch returns to provide back pressure to valveo 
V097 A/B. One two inch retu� is used for 200- gpm 
operation; oath are used for 400 gpm operation . 

A portion of the flow not returned directly to source can 
be further processed through either th� DWC ion exchanger 
K-2 or the submerged demineralizer systec (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 in a 4 x 4 liner, similar to those used in 
EPICOR 1 1 .  K-2 influent i s  regulated by flow control 
valve V085 ( FV-15) while K-2 effluent is regulated by 
level control valve V070 (LV-46). If either high or low 
levels occur in K-2, LSII-40 or LSL-40 will trip both 
isolation valve V069, halting influent , and solenoid valve 
Vl56, shutting of! 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 froc susp�nded solids in the event 
of a canister filter media rupture. DWC post filter F-7 
is located downstream of the forwardine pump to prevent 
the migration of resin fines. DWC forwarding puap P-7. bn 
air driven reciprocat�ng diaphram pump. provides the head 
to return flow to either source . 

The SDS can process 15 gpm. The DWC Booster P�p, P-50 is 
provided to incrA•se the pressure to 140 psig to overcome 
the high SDS dif ferential pressure . P-5 suction pressure 
vill vary invers�ly vith pressute differential across the 
filter canisters. When the filter cani�ters are clean P-5 
vill experience maximum suction pres� ·:e.  Since P-5 
outlet pressure is controlled. pu�p flowrate varies. 
Pressure regulator Vl22 (PCV-26) controls SDS inlet 
pressure at  140 psig. bypassing excess flow past SDS. PSV 
R-1 1s provided downstream of the DWC Booster Pump to 
prevent overpressuring the �DS due to Vl22 ( 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 II.  
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System Components 

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

Type: Disposable Cartridge 
Hodel: Filterite No. 921273 Type 
18H503C-304-2-FADB-Cl50 
Rating: 0 . 45 micron nominal rem�val rating 
Flow: �0 to 30 gpm 

F-9, F-10, F-11, F-12 Fuel Transfer Canal/Spent Fuel Pool 
Filters 

Type: Pleated sintered metal media 
Mo�el: Pall Trinity special product contained in a 
criticality safe canister 
Rating: 0 . 5  micron !iomiual Recoval Rating 
Flow: lOO gpm 

K-2 Ion Exchanger 

Type: Zeolite resin contained in a 4 '  x 4 '  HIC 
Model: Nuclear Packaging 50 ft3, £nviralloy, 

Dc�ineralizer/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 f t .  
Hin Flow: 20 gpo (recirculation) 

P-4A/B Spent Fuel Pool Pucps 
Identical to P-3A/B 

P-5 DWC Rooster Pump 
Type: Regenerative turbine, 2 stage, SIHI model AEHY 
31�2 BN 112 . 4 2 . 4  
Hetalurgy: 316SS casing with 316SS shaft, impeller, 
and internals 
Motor: 5 HP, 1750 rpm 
Rating: 15 gpm at 250 ft  
Shutoff head: 390 ft  (at  min flow) 
Hin Flow: S gpm 
Seals: Mechanical, John Crane type 1 with tungsten 
carbide seal faces 

P-7 Forwarding Pump 

Type: Air driven double diaphragm pump 
Hodel: B.A. Bromley Heavy Hetal Pu=p Hodel No. H25 
Material: Stainless Steel with Viton diap�ragms 
Rating: 60 feet TDH at 60 gpm 
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PCV-26 Pressure regu�at��. SDS byeass 
capacity: 2) gpm 

PSV R-1 Relief Valve 
Capacity: 30 gpm 
Orifice: Size E, 0 . 196 in2 
Set Pressure: 150 psig 

2-M72-DWC02 

For further information on valves nnd instrumentat ion, refer to the 
valve list (Ref. 15) and the instrument index (Ref. 14).  For a 
listing of all equipment see the TMI-2 Recovery Mechanical Equipment 
List (Ref. 16) . For piping infor�alion see the Standard for Piping 
Line Specifications (Ref. 17).  

Systec Performance Characteristics 

The system is designed to function in any of the modes of operation 
shown in Table 1 belov. 

Table 1 

Fuel Trat,sfer Canal/Spent Fuel Pool Cleu 1p System Operational Configurations 

Filter Flow (CPH) SDS Flow (CPM) K-2 Flow (CPM) 

Fro111 FTC From SPA From FTC Fro;. SFP Froo FTC From SFP 
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 0 

0 
0 
0 
0 

200 
200 
200 
200 
200 

400 (200) 0 0 0 0 
400 (200) 0 15 0 0 
400 (200) 0 0 0 30 
400 (200) 0 15 0 30 

200 0 0 0 0 
200 15 0 0 0 
200 0 15 0 0 
200 0 0 30 0 
200 0 0 0 30 

(numbers 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 inflov 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 4nd 
Cs-137 concentrations in the sources. The filter flow rate is 
chosen based on the concentration of solids in the sources. If one 
source experiences a high solids loading, 4oo· gpm from that source 
could be filtered to more rapidly reduce the fiolids loading. During 
this time, the other source could not be processed through this 
system. During periods of high Cs-137 loading, an additional 15 gpo 
could be processed through the SDS which would reduce the recovery 
time of the source. 

Syster:a 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 Re3ctor Building. The wells are 
�onnected by a 6" flexible hose to skinmer U-7 located at the dam 
separ�t ing the deep and shallow ends of the fuel transfer canal . 
�ell pumps P-4A/B are sub�ersed in the northeast end of spent fu�l 
pool "�" in the Fuel Handling Building. These wells are connected 
by a 6 �lex1ble hose to skic�er U-8 located at the south end of the 
SFP. 

The discharge of pucps 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, vent valves, and manual control valves 
V090A/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 
in the north end of the dense pack fuel rack. They are connected to 
the inlet and outlet manifolds by 2-l/2 inch steel guarded , 
flexible, coded hoses equipped with cam and groove couplings . The 
coupling a t  the fuel Cdolst<!t is modified for long handled t?ol 
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 
processlng. The DWC ion exchangers are located 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 
downstream of penetration R-539 to the FTC. 

Penetration No. 

R-524 

R-539 

Spent Fuel 
Cooling 

Decay Heat Closed 
Cooling Water 

Modified 
Function 

Dis'=harge from 
Fuel Transfer 
Canal Pumps 

Return to Fuel 
Transfer Canal 
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1 . 6  lnstn·a:�ntation and Control 

1 . 6  .. 1 Controls 

The components of this system are located in accessible areas 
of the Fuel Handling Builliing. 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 t o  DWC ion exchanger K-2 i s  regulated automatically 
by flow control valve V085 (FV-15). K-2 effluent i s  
r�gulated automatically by level control Vdlve V070 (LV-46). 

1 . 6 . 2  Power 

The pu111p cotors are supplied with 480V power throunh a motor 
control center which is energized by an exist ing unit 
substat ion located in the Auxiliarj Building. A stepdown 
transformer will provide 120 VAC for valve operation �nd the 
control pane l .  

1 . 6 . 3  Monitoring 

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

Pl-25 monitors the Booster P�p discharge pressure to verify 
the correct operation of both the puop and the bypass 
pressure regulator, Vl22 (PCV-26) 

Fl-15 and FQI-15 monitor the flowrate and total flow of 
filtered wa:er routed to DWC ion P.xchanger K-2 

AE-16 and AE-17 monitor pH and boron concentration in the 
water leaving SDS to verify these parameters were not altered 
during ion exchange 

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

FI-238 a�d FQl-238 monitor the flovrate and total flow of 
filtered water returned directly to tile SFP 

Fl-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 lo�ding and therefore 
time of replacement 

LI-46 monitors the liquid level in DWC ion exchanger K-2 

Page 12 
Rev. 2 
0282Y 



2-H72-DWC02 

FCC-LI-102 and SF-Ll-102 monitor the water level in· the Fuel 
Transf�r Canal and Spent Fuel Pool. They are panel mounted 
in the control room. The level indication system is a 
bubbler type system. A high or low level in the FTC and/or 
SFP will ala� ( FCC-LAHL-103 and/or SF-LAHL-103) at the panel 
in the control room. 

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

The process fluid conditions can be sampled to determine the 
effectiveness of the system. T�e capability to obtain grab 
samples of process fluid has been provided at the inlet and 
outlet piping of the Fuel :ransfer Canal/Spent Fuel Pool 
Filter Trains A and B.  Crab sa�ples may also be taken on the 
inlet/outlet linea to the DWC ion exchnngers as well as 
several points in the SDS. 

1 . 6 . 4  �rips 

Low or high liquid levels in OWC ion exchanger K-2 will 
terminate flow to and from K-2. Both LSL-40 and LSH-40 trip 
closed the inlet isolation valle V069 and P-7 air supply 
isolation valve Vl56. 

A locally �ounted switch is provided at K-2 �o override the 
level trips to fill and drain the ion exchanger. A signal 
alarm at the owe control panel will notify the operator that 
the override is engaged. 

1.7 System Interfaces 

Those systems interfacing with the owe are as follows : 

a )  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-Vl 
to the inlet manifold piping for the Fuel Transfer Canal/Spent 
Fuel Pool Filters, Trains A and D 

h) Submerged Oemineralizer System (existing) 
Use: ?rovide a system for soluble fission product processing. 
Tie-in: To downstream of pump WG-P-1 of SOS from downstream of 
Fuel lransfer Canal/SpeLt Fuel Pool Filters. From downstream 
of the SOS polishing filter to downstream of the DWCS manual 
control valves V097A/B. 

c) Instrument Air System (existing) 
Use: Provide source of instrument air to equipment. 
Ti�-in: At existing valves AH-V220 and 1A-Vl71 

d) Service Air System (exi&tina) 
Use: Provide a source of service air to the forwarding pump 
P-7. • Tie-in: Service Station 87 plus another station i f  �eeded 
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1.8 QUALITY ASSURANCE 

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

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

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

c .  The reQalning portions o f  the system are subject t o  the BSAPC 
non-safcty-�elated quality assurance program. 

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

2 . 0  System Limitations, Setpolnts, and Precautions 

2 . 1  Limitations 

The system is flow limited to 200 gpm through each filter train, 15 
gpm through SDS and 30 gpo 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 panel will 
inform the operator of the need to stop and restart the system or to 
remove and replace the filter. 

The �ost 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 vill be 
necessary to reestablish a precoat on sltrting up befo=e processing 
through SDS or K-2. 

2 . 2  Setpoints 

ASL-17 Trips alsrm on a low boron concentration of 4850 ppm. 

DPSH-22A & DPSH-228 Trip alarm at 45 psi pressure differential 
across the FTC/SFP filter trains A & B. 
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LSL-40 & LS�-40 Trip alarm, trip closed inlet isolation valve V069 
and trip closed P-7 air supply valve Vl56, shutting down P-7. Low 
level set point is 10 inches below top of ion exchanger. High level 
set point is 4 inches below top of ion exchanger ( i . e  • •  + 3" from � �  normal liquid level) .  

- ' 

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

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

SF-LIS-103 & FCC-LIS-103 Trip alarms on high or low levels in the 
SFP and FTC. Low level set point is 327 ft-5 in. High level set 
point is 327 ft-11 in. 

2.3 Precautions 

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

The filter caniaters operate by a surface filtration oethod, 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 ioportant 
part of the filtration process. To prevent the oigration of fines 
to the post filter, the ion exchange portion of the system should 
not be started until a cake bas begun to be formed on the media. 
This can be verified by observing the turbidity of the filter 
effluent. When the filter train is starteJ 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 �xchan�e 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 pumps 
should be strictly adhered in order to prevent the rapid filling of 
an empty manifold. This situation could cause a harmful pressure 
wave to develop which might damage the canister filter media. 

The Reactor Building penetrations R-524 at  elevation 293 ft-6 in and 
R-539 at elevation 320 f t  are both below the water level of 327 ft-8 
in. Whe� in use the connecting piping/hose should be periodically 
checked since a line break will cause water to be lost from the 
system. When not in use, the hose should be isolated by closing 
valves Vll7A/B and V-099 (qee discussion in section 4 . 5 ) .  
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3.0 OPERATIONS 

3.1 Initial Fill 

To initially fill the SFP & FTC borated water from the Spent Fuel 
Cooling System may be pumped from the borated water storage tank, 
DH-T-1, by the spent fuel cooling pumps, SF-P-lA/B. To fill the FTC 
the water may be routed through penetration R-524 and into the FTC 
through the 3 inch fill line downstream of the P-JA discharge check 
valve. To fill the SFP, V087A/B and V097B are opened and the 
borated water may be routed through the filter canisters and through 
the normal return process path to the SFP. 

The system is filled initially by borated water from the standby 
reactor coolant pressure system thro�gh the backflushing system 
provided (see section 3 . 7 ) .  The filters are filled to the inlet and 
outlet manifolds .  

To initially fill the DWC ion exchanger K-2, the level switch LSL-40 
must be ov�rrided (see section 1 . 6 . 4 )  until low level is attained . 
At this time the override swJtch should be r�turned to normal 
operation for further filling. 

3 . 2  Startup 

Prior to starting the system, the suction valve alig�ent 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 is started and allowed t o  
operate on minimum recirculation flow. The isolation valve for this 
pump is slowly opended. Then the hand control valve V090 A or B 
( HV-64 A or B) is opened 10% and any trapped air vented through 
manual lent valves located on the inlet and outlet manifolds. After 
venting, V090 (HV-64} is opened fully. Once this has been 
accomplished, flow is started by slowly opening the appropriate 
outlet cross-tie valve ( & ) .  Once one train has been started, the 
other train, if desired, may be brought into service in the same 
manner .  

Filter performance �ill initially increase with time a s  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 tO NTU is sufficient to route to K-2 or SDS. 

The DWC ion exchanger K-2 should always be brought to normal 
ope:ating liquid level prior tc operation of this portion of the 
system. Either borated flush water or filtered water of lese than 
10 trru can be used. If the liquid level is below the low level 
trip, the level switch trip override must be engaged until low level 
is established (se� section 3.1) . Once normal level is established, 
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the air supply solenoid valve Vl56 is opened. Pressure regulator 
Vl57 ( PICV-58) is then manually adjusted to the pressure required to 
maintain the desired flowrate. Flow is slowly started to K-2 by 
opening flow control valve V085 ( FV-15) until the desired flowrate 
to K-2 is obtained. K-2 effluent is automatically controlled by 
level control valve V070 (LV-46) .  

Processing water through the SOS req'uires opening the isolation 
valves for that portion of the system and starting the DWC Booster 
pump. These actions will allow 15 gpm to be processed through the 
SDS. For a d�tailed description of the SDS see reference 12. 

No�al Operation 

r:ormal operation of the system is in one of the oodes shown in 
1'able 1 of Section 1 . 4 .  The mode o f  operation is chosen based on 
what source is to be processed and what the particulate and 
radioactivity concentrations of the sources are. 

3.4 Shutdown 

The steps to bring the system to a shutdown condition are basically 
the reverse of the startup procedure. The ion exchanger flow i s  
brought t o  zero gradually b y  remote operation of upstream control 
valve V085 ( FV-15) .  Correspondingly, level control valve V070 
(LV-�6) will gradually ter�inate flow from K-2. After termination 
of flow the inlet isolation valve V069 is closed and the P-7 air 
supply isolation valve is closed. If the SDS i s  in use, the booster 
pump is switched off and isolation valves Vlll, Vl39, and Vl02 are 
closed. Following this, the well pumpR are switched off and the 
pump isolation valves and the :ross-tie valves are closed. 

3 . 5  Draining 

The majority of the system can be drained to the spent fuel pool. 
The filter canisters can not be drained, s ince they are submerged in 
the SFP. The piping to/from penetrations R-524 and R-539 must be 
drained to the Auxiliary Building 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 t�e low level switch for pumping out K-2. 

3 . !1  Refilling 

The fully drained system may be �efilled in the same manner that the 1 2  system vas initially !illed. A partially drained system �sy be 
refilled by using either the back flush system (see section 3 . 7 )  or 
the well pumps (see section 3 . 2 ) .  

3 . 7  Infrequent Operations 

Flus�ng 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 a t  the 
347 f t .  elevation in the Fuel Handling Building. This tank is 
connected to the DWCS. Either filter train aay be flushed without 
stopping flow through the· other. 

Flushing may be accoQplished 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 spent 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 .  

Transient Operat ions 

Ihe results of loss of pumps or filter train cisalign�ent are flows 
not returning to the prop�r source. However, since this is the 
normal operational mode of the 6ystem an� since the sources are 
connected by the fuel transfer tubes, the results of these 
transients are negligible. Vent Ol' drain valve misoperation would 
have the same effect as a line break (see section 4 . 5) but could be 
more readily rectified. 

4 . 0  CASUALTY £V��TS AND R£COVERY PROCEDURES 

4 . 1  Loss of Power 

A loss of power to any porti�n of the system would shut that portion 
of the system down. No adverse conditions would resul t .  

4 . 2  Loss o f  Instrumentation/Inst rument Ai r  

Loss of instrumentation would hamper operations due to loss o f  
monitoring capability but n o  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 lose of 
indication for that chance� and, for those channels that have 
control features a f low mismatch. This flow mismatch will result in 
an automatic shutdown of the affected portion of the system. 

Loss of either the spent fuel pool or FTC level monitoring system 
will be noted when compared with the other. The readings should 
normally be the same since both water bodies are in communicdtion 
via the fuel transfer tubes. Neither system has control features. 

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

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

: exchanger. 
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4 . 3  Deleted 

4 . 4  Filter �edla Rupture 

A failure 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 cand prefilter which hLs borosilicate glass 
to conlrol reactivity (see ref .  12) and the DWC filter canister post 
filter precedes �C ion exchanger K-2. There are differential 
pressure g3uges supplied on the filters to determine if tney are 
loading. Loading of the SDS prefilter or the filter canister post 
filt�r could indicate ruptured fil�er media. 

The r�covery procedure is to isolate the filter trains and find the 
r.1ptured filter by observing the differe:1tial pressure versus flow 
for each individual canister. Louer 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. 

4 . 5  Line and !lose Break 

If a r�yture occured in the system, the pumps could deliver fuel 
transfer canal and/or spent fuel pool water to lhe 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 �onitors provided for the canal/pool. 1he 
operator would then shut the system down. 

Process water hoses are employ�d i n  three services 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 replaced. Since these hoses are submerged 
in the SFP. this results in no net water loss. 

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

If the hose on the FTC return line downstream of penetration R-539 
breaks, then process water vill 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 connecting line) breaks . 

Furthermore. the normal r�turn path ia to the SFP; thus this bose is 
not normally used. When not in use this hose vill be isolated by 
�losing valves Vll7A/B and V099 to minimize the effect of a hose 
break . 

Page 19 
Rev. 2 
0282Y 

I z 



2-M72-DWC02 

A break on the P-JA/B discharge line which uses penetration R-524 I � 
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 in the monitored flowrate returned 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-JA/B, 1 �  
are not in use, the discharge valves V002A/B and valve SF-VlOJ 
should be closed. This would prevent a syphoning of the FTC when 

-: the pumps are not i n  use • .. 
5.0 SYSTEM MAlSTL�ANC£ 

The �aintenance procedures are the recom�ended practices and intervals as 
described by the equipment vendors . This section will be expanded as 
equipment select ion is finalized. 

6 . 0  TESTl.NG 

6.1 Hyd rostatic Testing 

All r-iping 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  Instrument Testing 

All instrum�nts will be calibrated by vendors. Complete 
electric/pneumatic loop ve�ification will be done during start-up. 

7 . 0  H� FACTORS 

Filter canister hoses are coded for quick identificat ion of inlet versus 
outlP.t. 

Extensive use of hoses is made , especially in the Reactor Building, 
allowing quick installation and use of existing radiation shielding. 
Hoses expected to be frequently disconnected are equipped with qu!ck 
d isconnect co�plings for ease of removal and replacement.  

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

0 

0 

. · 

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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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 to 3 to o feet above the floor. 

o Each control device has a nameplate. 

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

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

o Adjustccnts to recorders and con�rollers can be performed from the 
front of the panel . 
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