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1.0 Introduction 

1.1 General 
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The defueling vater cleanup (OWe) system is designed to remove 
radioactive ions and particulate matter from the fuel transfer canal, 

� spent fuel pool "A" sod the reactor vessel. The majoritrof the 
particulate matter is removed by processing the vater through nominal 
0.5 micron rated filters. The low micron rating of the filters vill 
assure very lov turbidity as vell as red•1cing the particulate 
activity in the vater. 

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 EPieOR 11) containing 
Zeol ite, or the submerged decineralizer system (SDS). 

The installation and operation of the o�e system will occur 
sequent ially su h that portions of the system may be operated prior 
to completion of the entire system. In addition, partial system 
operation may require teoporary interconnection(&) with other plant 
systeos v�ich are not specifically described in this Technical 
Evaluation Report. Any such teoporary codes of o�e system operation 
will be icplemented in accordance with the safety criteria for the 
complete owe system and vill be bounded by the safety analyses 
described herein. 

1. 2 Scope 

The scope of this docuoent includes the operation of the owe system, 
the components of the owe system and its interfaces to existing 
systems and components. This technical evaluation report (TER) is 
applicable only during the recovery mode as the owe system is a 
tc�porary system required to support recovery operations and will be 
removed or reevaluated prior to plant restart. Evaluation of safety 
concerns related to the filter canisters is not within the scope of 
this TER and will be addressed in Reference 8. Licensing of the ion 
exchangers for offsite shipments i s  outside the scope of this TER. 

2.0 System Description 

2.1 General 

The owe systec is designed to process water from the reactor vessel, 
spent fuel pool, fuel transfer canal, and Dewatering System (OS) hold 
up tank DS-T-1. The s;•stem's major functions are given below. 

a) The owe syste� filters the water to remove suspended solids 
above � nooinal 0.5 oicron rating. This Is done to CA!ntoln the 
clarity of the water. 

b) TI1e D�e system re�uves Goluble fission products by demlncr�llza
tlon of the •.Jater. This is done to reduce the dose contribution 
from the w.Jter. 

-6- Re '· 8 
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The DWC system is composed of two major subsystems which allow 
greater processing flexibility during post plenum removal 
operat ions. These two subsystems are, the reactor vessel cleanup 
systc� and the fuel transfer canal/spent fuel pool cleanup system. 
Online sampling of both subsystems for pH is provided by the system 
design. Online sampling !or boron concentration and turbidity is 
provided !or the reactor vessel cleanup system. Boron sampling for 
the fuel transfer canal/spent fuel pool cleanup system (FTC/SFP) will 
be done according to NRC approved procedures. The detailed system 
description for the D�C reactor vessel cleanup system is provided i n  
At tachment 1 .  Attachment 2 provides the detailed system description 
for the owe fuel transfer canal/spent fuel pool cleanup system. Also 
included as Attachments 3 through . are the following fi gures: 

Attachment 3 Reactor Vessel Cleanup System, Piping and lnstrument 
Diagram 

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

Attachment 5 Auxiliary Systeos, Piping and Instrument Diagram 

Attachment 6 fuel Handling Building, General Arrangement 

Attachment 7 R�actor Building, General Arrangement 

2.2 Quality Classification 

The quality classification of the D�C system with exception of the 
filter canister units which are not within the scope of this TER is 
Important to Safety. Important to Safety as used here is defined in 
the THI-2 Recovery Quality Classification List. 

3.0 Technical Evaluations 

3.1 General 

The D�C system is totally contained within areas that have controlled 
ventilation and area isolation capability. TI1is limits the 
environmental icpact of the systeo during normal systeo operations, 
shutdown or postulated accident condit ions. The Impact of postulated 
D�C system failures is provided below on a case-by-case basis. 

The system failures evaluated are loss of power, loss of 
instru��ntat ion/lnstru�ent air, filter media rupture, and line 
breaks. The design of the system is such that none of the events 
results in unacceptable consequr.nces. Other safety concerns 
cv�luated with respect to operat ion of the D�C systeo were decay heat 
removal, criticality, boron concentration control, heavy load drops, 
nnd radioactive releases. Ko unnccPptable consequences were found to 
result from operation of the owe syhtem provided tllal proper 
ad�inlstrntlve control is m�lntnlncd. 
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3 . 2  Postulated System Failures 

3.2.1 

3.2.1.1 

3.2.1.2 

3 . 2.1 . 3  

Reactor Vessel Cleanup System 

Loss of Power 

A loss of power to the entire system would simply shut 
the system dovn. A loss of power to the well pumps 
with an additional failure which results in 
simultaneous loas of level control in the ion 
exchangers would result in a flow mismatch. In this 
case, the system would be automatically shut dovn 
until power is restored. Loss of pover t o  individual 
components would place that component in its safe 
mode. An air operated valve, for example, would fall 
t o  a position that ensures no damage to other 
cooponents. 

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

Loss of Instruoentatlon/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 flow mismatch. 
rnis flow mismatch will result in an automatic 
shutdown of the a f fected portion of the system. 

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

Loss of instrument air will take the individual 
components to their fall safe position. Flow 
mismatches induced by loss of air will result in 
automatic trips. Loss of atr to the I IF level 
monitoring system will initiate a low air supply 
pressure alarm. 

Filter Media Rupture 

A failure of the filter �edla In the filter canister 
could potentlnlly r�lease fuel fines to the lor. 
e:.chanee portion of the s·ystem. TI1c jlost filter, 
located downstream of both filter trnlns In the llne 
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to the ion exchangers, will trap any fuel fines which 
would be transported past the filter canisteFS in the 
event of filter failure. The post filter is sized to 
be critically safe. A gross rupture in a filter 
canister may be detected by an increase in the post 
filter differential pressure. TUrbidity meters will 
aid in the detection of gross filter media rupture by 
detecting changes in water clarity. 

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

The DWC system may be operated in a mode that bypasses 
the filter canisters. Durlng this mode of operation 
the post filters will be providing the required system 
filtration. In order to preclude the rupture of the 
post filter's filter med!a, the maximum differential 
pressure that will be permitted across the post filter 
will be 18 psi. The post filters are designed for a 
maximum diffe=ential pressure of 4 5  psi. Even if a 
rupture of the post filter media occurred, i t  is not 
expected that significant quantities of fuel would 
accumulate downstream of the filter. This conclusion 
is based on the followtng: 

o The bypass filtration mode is expected to be used 
only when the turbidity is low, therefore it is 
not expected that significant fuel fines will be 
suspended in solution during the bypass 
operation. Consequently, it is not expected that 
large amounts of fuel will normally be found in 
the post filter. 

o The holdlng capacity of the post filter, prior to 
reaching the maximum pressure dlfferentlal, is 
s�all (approximately 5 lbs.). 

o The differential pressure, measured across the 
post filter, can be used to detect a ruptured post 
filter media, vhtch would inltiate operator action 
to prevent further acc"m"latlon downstream. 
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3 . 2.1 . 4  

3 . 2 . 2  

3 . 2 . 2 . 1  

Line Break 
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The principal consequence of any line, or h�se break 
in the reactor vessel cleanup system is a loss of 
reactor vessel inventory. The system i s  designed to 
mitigate the consequences of such an incid�nt to the 
extent possible. 

To help prevent a hose rupture , all process vater 
hoses are armored . In case of a hose rupture or line 
rupture downstream of -the reactor vessel pumps, the 
system vill trip these pumps on IIF low level and 
alarm at control panels in the control room and fuel 
handling building. Tl1is could deliver approximately 
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 has sumps to contain the spi l l .  

Siphoning of reactor vessel water could take place i f  
any of the lines connected t o  the well pump suction or 
return hoses, or i f  the hoses themselves , are damaged 
or ruptured. The two, 4 inch suction connections 
provided in the �est inghouse work platform will be 
provided with two , 3/4 inch holes drilled 18 inches 
below the water level which will act as siphon 
breakers . The three 2 inch return lines will be 
equipped with spargers ,  which are holes dri lled into 
the pipes. The first holes are drilled 18 inches 
below the water level which will act as siphon 
breakers. The sample return line will terminate lB 
inches below the water level. Also, isolation valves 
will be provided in the �est inghouse supplied piping 
which could be used to canually terminate the 
siphoning. Therefore, a caximum of approximately 3000 
gallons of reactor vessel water would spill into the 
fuel transfer canal following a hose rupture. 
Approximately half o{ this water would be contained in 
the New Fuel Pit .  

Tne recovery from these events would be accomplished 
by isolating the ruptu red sect ion and replacing the 
ruptured hose/pipe. 

Fuel Transfer Canal/Spent Fuel Pool Clc�nup System 

Loss of Power 

A loss of power to any portion of the systcc would 
shut that portion of the system down. Loss of power 
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3.2.2.3 
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to individual components would place that 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 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 ciscatch. 
This flov mismatch vill result in an au tomatic 
shutdovo of the affected portion of the system. 

Loss of either the spent fuel pool or fTC level 
�onitoring system vill be noted vheo coopared vJth the 
other. The readings should normally be the same since 
both vater bodies are in cocmunication via the fuel 
transfer tubes. �either system has control features. 

Loss of iostrucent air will take the individual 
cocponents to their fail safe position. Flov 
cJscatches induced by loss of air will result in 
automatic trips. Loss of air to the IIF level 
monitoring system (bubbler) will initiate a low air 
supply pressure alarc. 

Filter Media Rupture 

A failure of the filter media in the filter canister 
could potentially release fuel fines to the ion 
exchAnge portion of the aystec. Flow cay be routed to 
DWC ion exchanger K-2 or to the SDS both of which have 
filters upstream to trap cigrating fuel.fines. loa 
exchanger K-2 has a cartridge type filter (F-8) 
upstream of it which is in a cri tically safe canister 
and SDS is equipped with two filters in series, both 
of which have borosilicate glass to control reactivity 
(see Ref 2). Differential pressure is ceasured across 
the filters to indicate ruptured filter cedia. The 
SDS filter bypass is adcinistratively controlled t o  
prevent inadvertent operation. 

Upon detection of a filter cedia rupture in a filter 
canister 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 !low being recirculated to the fuel 
pool. A lover differential pressure Cor a given flow 
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will indicate which filter is ruptured. The affected 
canister or canisters and the SDS pre-filter vessel or 
filter canister post filter cartridge would then be 
replaced as required and the system restart�d .  

The owe system may b e  operated in a mode that bypasses 
the filter canisters. Duri4& this mode of operation 
the post filters will be providing the required system 
filtration. In order to prec�ude the rupture of the 
post filter's filter media, the maximum differential 
pressure that will b� permitted across th� post filter 
will be 18 psi. The post filters are designed for a 
maximum differential pressure of 45 psi. Even if a 
rupture of the post·filter media occurred, it is not 
expected that significant quantities of fuel would 
accumulate downstream of the filter. This conclusion 
is baaed on the following: 

o Significant quantities of fuel are not expected to 
be found in either the FTC or the spent fuel pool, 
therefore it is not expected that large amounts of 
fuel will normally be found in the post fil:er. 

o The holding capacity of the filter, prior to 
reaching the maximum pressure differential, is 
small (approximately 5 l bs . )  

o The differential preasu�e, measured across the 
post filter, can be used to detect a ruptured post 
filter media , which would initiate operator action 
to prevent further accumulation downstrea m .  

Line Break 

If a rupture occurred in the FTC/spent fuel pool 
cleanup system, the owe system spent fuel pool pucps 
could deliver fuel transfer canal and/or spent fuel 
pool water to the Fuel Handling Building or the 
Reactor Building. This action would lower the level 
in the canal and the poo l .  A drop o f  one inch in 
canal/pool level is approxic�tely equivalent to 1250 
gal. A level loss would be detected by redundant 
level indicating syste�s , one each for the FTC and 
spent fuel pool, which are provided with low level 
alarms in the �ain control room. The lov level alarm 
will actuate at El.327'-l*. Upon receipt of either 
low level alarm, the aysteo will be manually shut down. 
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Process vater hoses are employed in three services in 
this syste�; filter canister inlet/outlet, skicmers to 
vell pumps, and downstream of penetration R-539. 

If a filter canister inlet/outlet hose ruptures, that 
canister vill be isolated and the hose re2laced. 
Since these hoses are submerged in the SFP, this 
results in no net water loss. 

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

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

A break of the fuel transfer canal p�p discharge line 
which uses penetration R-524 would cause process water 
to be lost to either the Reactor Building or the Fuel 
Handling Building. The �ater 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. 
�nen the fuel transfer canal pumps, are not in use, 
the d!scharge valves will be closed. This vill 
prevent a syphoning of the FTC wl.�n the pumps are not 
in use. 

3.3 Decay Heat Reooval 

Decay heat reooval is currently per!orced by heat loss to acbient. 
llo chAnge in this code of operation is required to operate the D�C 
system. The large exposed surface of the open reactor vessel and the 
FTC vill significantly enhance the recoval of decay heat. 

3.4 Criticality 

Subcrittc�llty of the core is calntnlncd by n high concentration of 
boron in the reactor coolant system (RCS). Subcrltlcality of the 
fuel wlthln the filter canister ulll be ��'ur�d by destgn and wlll be 

-13- Rev. 8 
005� 



3.5 

15737-2�03-106 
3525-015 

addressed in the licensing document for the canisters. The fuel 
transfer canal/spent fuel pool pump ·and the reactor vessel cleanup 
pumps vill 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-filter v i l l  also be designed to prevent a 
possible critical configuration of fuel debris. This vilL be 
accomplished by restricting the size and configuration o f  
components. Furthermore ,  it is not expected that the post filter 
will accumulate significant quantities of fuel unless f i lter canister 
f ilter media rupture occurs (see Sections 3.2.1.3 and 3.2.2.3). Fuel 
accumulation in other system components will be precluded by the 
f i ltration of the water. · 

Boron Dilution 

Tne only credible means of attaining criticality of the fuel 
contained in the vessel i s  through deboration of the RCS vater. The 
approach described in References 6 and 7 for prevention o f  deboralion 
will be followed for operation of the DWC system. Spec i f i c  system 
evaluations with respecl to deboration control vill be performed 
prior to DWC system operation. Boron d ilution during defueling has 
been addressed in the "Hazards Analysis: Potential for Boron 
Dilution of Reactor Coolant System" (Reference 9). 

3.6 Heavy Load Drops 

ln-containQent load handling vill consist of the transfer of the DWC 
filter canisters from the deep end of the FTC to the Fuel l�ndling 
Building via the fuel transfer system. The hand ling of these 
canisters will be in accordance with procedures, or unlt work 
instructions (�l's) which will define loarl paths. These load paths 
will be ad�inistratively controlled to ensure that a postulated drop 
of a canister would not compromise plant safety or the integrity of 
the FTC floor. 

Load handling within the Fuel Hanrll!ng Building will consist of the 
moveQent of SDS ion exchange liners, the reactor vessel cleanup 
system liners, the m;c f i lter canisters and transfer casks. The 
heavy load dro? analysis for the SDS casks is given in reference 3. 

The reactor vessel cleanup system liners will be coved using the 
existing casks for the EPICOR II system. The total heavy load of the 
cask and liner is less than that of the shield plugs reQoved from 
spent fuel pool "A". The load path for covecent of the liners, 
although not over the spent fuel poo l ,  is part of the same load path 
u,;ed for the spent fuel pool "A" shield plug re�oval. TI1e load path 
and heavy load drop analysis provirlerl in the spent fuel pool MA" 
refurbi�;lu:�ent SER (Ref. 5), therefore, bounds the movement of the 
liners and casks. The rarltoloetcal conrerns nssoctated with a load 
drop �rc bound by the analysts in Rc!�rcnce 4 which concludes the 
hc3lth nnd snfety of public ts not cndnng�rcrl ns a result o( this 
hypotl.ell ca 1 ace idcnt. The h<tnd ltne of hc.wy lonrls over the 10pent 
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fuel pool is not within the scope of this document and vill be 
addressed in the Early Defueling SER. 

Radioactive Releases 

The operation and design of the OWC system vas reviewed with respect 
to radioactive releases. �o direct radioac�ive release paths to the 
environ=ent exists for the system. Local spillage of contaminated 
water from the OWC system will result in a local contamination 
problem. Since the specific activity of the water is essentially 
that of the fuel transfer canal and spent fuel pool, no significant 
radioactive releases above those from the open pools can occur when 
processing pool water. Oefueling activities have the potential of 
significantly increasing the specific activity of the reactor vessel 
water. To preclude any significant releases during these periods t�e 
operating procedures associated with processing reactor vessel water 
shall include requirementP to ensure isolation of the system should a 
line break or massive system leakage occur. 

During shutdown of the OWC system filter trains, radiolytic 
decor_,osition of the water in the post filters and filter canisters 
will cause the production of hydrogen and oxygen. In order to 
prevent the overpressurization of the filter canis:ers, an ASM£ 
Section VIII pressure relief valve is installed in the outlet pipe 
from each of the four D�CS filter canisters. The valves provide 
pressure relief in the event that the isolation valves in the owes 
filter inlet a&d outlet pipes are closed and pressure builds up 
within the filter canister as a result of radiolytic decomposition. 
Radiolytic decomposition of water in the post filters will be 
minimized by the licited holding capacity of the filters. 
Additionally, the frequent operation of OWCS filtration trains will 
prevent accumulation of combustible gases in the post filters. 

The filter canisters should not normally be isolated !or extended 
periods; however, if they were, the maximum rate of hydrogen and 
oxygen generation within the canister based on conservative 
assucptions is estimated to be 0.029 scf/day. (Note. later analyses 
have resulted in a maximum hydrogen generation rate that is 
approximately a factor of 10 lower). At this rate of gas generation, 
the pressure inside the canister would not reach the canister design 
pressure (150 psig) for at least 90 days. The reli�! valve will 
release the pressure buildup before this pressure is exceeded with 
approxi�ately 0.3 scf of hydroscn and oxygen released from each 
canister. The relief valves will continue to relieve pressure at 
about 15 day intervals, releasing a maxi�um of about 0.3 r�f hydrogen 
and oxygen per canister per relief. The relief valves discharge to 
the open volu�e of the containment above the fuel transfer canal or 
to the operating level of the fuel handling buildlng. Since both of 
theFe areas are continuously or regularly vented �nd since the 
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maxicu= voluce of hydrogen released is sma l l ,  a buildup of hydrogen 
to a cocbustible concentration is not credible. Any particulate 
releases during the operation of the relief valves would bo bounded 
by the line breaks discussed in sections 3.2.1.4 and 3.2.2.4. 

4.0_ Radiological and Environ=ental Assessment 

4.1 Off-Site Dose Assess�ent 

Operation of the D�e system could reduce the off-site doses which 
would result i f  the 3ystec were not available. Without operation of 
the D�e systet specific aLtivity 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 
ventilation system. However ,  operation of th� OWe system will 
maintain the reactor and fuel pool water a t  very low specific 
activit y ,  thereby minimizing this a s  a potential release source. 
Since the source available for release froo the SDS greatly exceeds 
that available from the D�e system, the off-site dose analysis 
provided in the SDS TER (Re f .  4) bounds those of the D�e system. 

4.2 0�-Site Dose Assessment 

4.2.1 Reactor Ves�nl elea�up System 

The potential exists that defueling cay significantly increase 
the S?ecific activity in the reactor vessel water. This could 
possibly occur during defueling through disturbance of the 
core debris. Material greater than nominal 0.5 microns would 
be captured in the system filters. The soluble fission 
products,  particularly cestuo-137, would be removed by 
processing through the associated ion exchange media. The 
filter canisters are located undervnt�r at a depth greater 
than four feet in the reactor building au� therefore do not 
represent a radiological problem. As indicated earlier (see 
Sect ion 3.2.1.3 and 3.2.2.3) it is not expected that 
significant quantities of fuel will accumulate in the post 
filters. Consequently, the post filters are not expected t o  
be a radiological hazard. However, i f  the dose rates from 
these filters begin to increase, Appropriate measures ( e . g. 
shielding, personnel relocation) will be taken to ensure 
acceptable dose rates to pP.rsonne l .  The water to be processed 
is piped through a reactor building penetration to the ion 
txchange oedia a t  20 to 60 gpo (mJx. 30 gpo/train) depending 
on the :;pecif1c activity of the reactor vtsr.el water. TI1ese 
process lines And the liners Cor the ion exchange media 
represent potential radiological hazard s .  

T o  assess the radlologtcal hnzilrd s ,  the dose rates from OWeS 
piping and co::�ponentG durtne ,pern t l on Wl!re evalua ted. 
Sources in the water were 11�su�Pd to be fuel p11rticleR And 
dts�olved radioactive �llt�rinls. n�e deslcn bas is 
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concentrations of these sources are 1 ppc suspended solids and 
a concentration of soluble materials equivalent in dose rate 
to 0 . 02 �Ci/ml oC cesium-137. During operation at the 
design basis concentrations, the dose rate from a long 3" 
diameter unshielded hose is 0 . 2  milirec/hour at a distance of 
2 feet.  

During defueling operations both the soluble& and suspended 
solids concentrations in the water may increase. To assess 
increases in dose rates during upset water condi tions, a 
combination of a 20 curie cesium-137 spike and an· 

instantaneous release o{ approximately 35 lb of suspendabl 
fine debris to the reactor vessel volume is postulated. A 
long 3" diameter hose carrying wnter a t  the resulting 
concentrations would result i n  a dose rate o f  9 millirem/hour 
2 feet from the hose. Process lines which are d�wnstream of 
the filters do not contain the suspended solids concentrations 
postulated for the upset water conditions. A 3• diameter hose 
downstream of the f ilters would produce a dose rate of 2 
ollli rem/hour a t  a distance of 2 feet , due to the soluble 
radioactive materials remaining in the water. 

Shielding o f  lines upstream o{ the filters cay be used to 
reduce dose rates in areas of personnel occupancy • 

. 'ose rates froo solu�les are based on the speci fi c  activity of 
ces:•lC-137. Other isotopes which cay contribute a1t;n1!icantly 
to 6a�a dose rates are cesiuc-134 and ��cioony-125 . The 
cesiuo-134 concentration is normally an order o{ magnitude 
less than that of cestum-137. Antimony-125 is not removed by 
the owes ion exchangers with a reliable decontamination 
factor. However, the dose rate for anticony-125 is less than 
that of cesiuo-137 for a given concentration. I f  ant icony-1�5 
in the D�CS becomes a sign i f i cant dose contributor to workers, 
the reactor coolant may be processed through the EPlCOR 11 
system in a batch processing mode. Batch processing will be 
used because chemical adjustment of the coolant is required. 
EPICOR II vill remove the ant imony-125 witt a satisfactory 
decontamination factor. 

Three zeolite ion exchangers �re needed t o  handle the flow 
fro:� D�C system. 1\lo are needed for the reactor vessel 
cleanup system to provide a 60 gpm flowrate through the ion 
exchangers. One i s  used for FTC/spent fuel pool cleanup. SDS 
is also to be used for FTC/spent fuel pool cle�nup. 

The shielding requirements for these liners w i l l  be based on a 
hooo&enlzed 500 Cl source ln n 4 x 4 liner, stellar in 
construction to those used for f.PlCOR I I .  Since changeout of 
liners wlll be based on rad iation le vel , and since the 500 Ci 
loading i s  conserv.1tively hlt;h (nctual loading should be 
approxl::lately 100 Ci , sec Sect ion 4 . 3) ,  the calcul,•ted 
shielding rcqulrece"t Is cqnsld cred acrPpl�hle. 
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The contact dose rate on the side of the liner for a 
homogenized 500 ei source is approximately 185 R/hr. The 
liners will be shielded to limit the shield contact' dose rate 
at the side and on top of the liner to a maximum o! 5 
mlllirem/hr. The concrete floor will reduce the dose rates on 
lower �levations to less than 5 millirem/hr. 

Both dose rates represent an upper bound, and as indicated, 
the dose rates would not pose any undue operational 
constraints if actually attained. 

I! hoses or piping in the O�C systec break,. water vill be 
released in the Reactor Building or the FHB. This water may 
contain suspended fuel particles and dissolved radioactive 
materials. The specific activity of the owe system water will 
be maintained low enough that personnel access to the spill 
area will not be precluded. After the rer.oval of the spilled 
water, the area cay require decontamination to reduce loose 
surface contamination to acceptable levels. T11us there are no 
safety concerns associated with the breakage o! o�e system 
hoses or pipes. 

4.2.2 Fuel Transfer Canal/Spent fuel Pool Cleanup System 

The fuel transfer canal/spent fuel pool cleanup system 
processes water through the OWe ion exchanger K-2 or SOS. The 
water in the pools will be maintained by this system at .01 to 
.02 �ei/cl of equivalent cesium-137, excluding antimony. A 
flowpath to EPICOR II via the ReBT's is provided to remove 
Sb-125 in the event that high Sb-125 levels are encountered. 
TI1ese are significantly lower concentrations than water 
processed by SOS. The analysis provided in Section 4.2.1 for 
normal dose rates from the reactor vessel cleanup system 
bounds the dose rates !roc the fuel transfer canal/spent fuel 
pool cleanup system during normal operation. 

Tile accident analysis provided in the SOS TER, Reference 4, 
bounds the doses possible froc the fuel transfer canal/spent 
fuel pool cleanup system in the event of an accident. 

4.3 Occupational Exposures 

Operation of the OWC system will reduce the occupational expo�ure 
during defueling op�rations by ��intaining low specific activities in 
the fuel transfer canal, spent fuel p�ol and reactor vessel. The owe 
systec is designed to maintain the onxtcum eesiuc-137 concentration 
in the water to between .01 and .02 uCi/ml. This will result in a 
contribution to generill area dose rates o! 10 to 20 m1111rem/hr from 
the wJtter. 

It is estk-1ted thAt npproxlr:Jntely 1.2, 4x4 liners rach loaded with 52 
curies of rl'r.luc-137 will be rC"qulrert for the reactor vessel clt'•tnup 
liystrm. Th'! occupatton:�l dose to workers during ('.1Ch ch,nee-out ts 
cstln.1lerl to be less 0 . 1  m.1n-re1:1. TIJcrcfore the totlll Accur:JUlnted 
dQ:;e for ch.1nee out of the cstlmnted '•2, 4x4 lint.!rR is 4.2 rr.an-rem. 
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The following table provides an estimate of the mao-hours and mao-rec 
associated vith the installation, operation, maintenance and removal 
of the in-containment and fuel handling building portions of the 
owes. These estimates are based upon current man-hour projections. 

IN-CONTAI.NHENT 

Activity Man-Hours Dose Rate (IIIR/hr) Han-Rec 

Installation 505 60 30.3 
Operation 40 60 2.4 
Maintenance 85 60 5.1 
Removal 250 60 15 . 0  

FUEL HA.'IDLI.NG BUILDING 

Activity Han-Hours Dose Rate (mR/hr) Man-Rem 

Installation 34,400 0.3 10.3 
Operation 26,280 0.3 7 . 9  
Maintenance 8,600 O.J 2. 6 
Removal 17,200 (j,J 5.2 

The total man rem attributable to the oper�tion and maintenance of 
the owe system, as a whole, is expected tc be between 65 and 125 
mao-rem. This esticate is based upon a total of 80 man-rec !roc 
above increased by 20: for Health Physics coverage and �llowing � 30: 
due to uncertainties. 

5.0 Safety Evaluation 

5.1 Technical Specifications/Recovery Operations Plan 

No additional Technical SpecificaL!nns/Rccovery Operations Plan 
changes, beyond those required for heau rccoval, are required to 
install and operate the D�C system. 

5. 2 Safety questions (10CFR50.59) 

10CFR50, Paragraph 50. 59, permits the holde• of an operating license 
to �ke changes to the facility or perform a test or expericent, 
provided the change, test, or expericent is cict c:::-oined not to be an 
unrevicwcd safety question and does not involve a codification of the 
plant technical specifications. 

A proposed change involves an unreview�d safety question if: 
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a) The possibility of occurrence or the consequences of an accident 
or mdlfunction of equipment important to safety previously 
evaluated in the safety aoalys�a report may be iocreas!d; or 

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

c) The cargio of safety, as defined in the basis for any technical 
specification, is reduced. 

The owe syste� does not increase the probability of occurence or the 
consequences of an accident or m�lfunctlon of equi.pment important to 
safety pr�v\ously evaluated in a safety analysis report. The system 
failures evaluated are presented in section 3.2 of this report .  No 
failures of the owe system were found which would increase the 
probability of occurence or the consequenses of an accident or 
calfunction of equipment important to safety. In addition, operation 
of the o•e systec will be performed under strict administrative 
procedural control to further ensure safe operation. The procedureH 
used for operation of the owe syste= will be reviewed and approved 
prior to use in accordance with Technical Specification 6.8.1. 

The possibility of an accident or malfunction of a different type 
than previously evaluated in the safety analysis report is not 
created by the existence of the o�e system. The owe system is 
essentially a liquid radwaste system utilized to �1intain clarity and 
low specific activity in the reactor vessel, fuel transfer canal, and 
spent fuel pool water. As such, the possibility of an accident or 
malfunction is of the &ace type as previously evaluated for other 
liquid radvaste systems. 

Operation of the owe syste� does not result 1n a reduction in the 
margin of safety as defined in the bases for the Technical 
Svccifications. Liquid effluents will not bP released to the 
env1ro�ent directly !roc �we system operations. The effluents from 
operation of the o�e system will be returned to the sources in order 
to maintain proper water levels. Any gaseous effluents resulting 
fro� O�C systec o?erations will traverse existing gaseous effluent 
flow paths. The gaseous effluents will be less than those generated 
during processing of the water froo the r�nctor building �1se:ent by 
SDS. The results of the radioactive release analysis presented to 
the SOS Tecl•nlcal Evaluation Report therefore bound the releases from 
the o�e systec. Since no change 1n the maximum permissible 
concentrations or the lnstrunent configuration or setpoints specified 
in Appendix B of the Technical Specifications vas required Cor SOS 
operation, a�d since the OWe systeo operation 1s bounded by the SOS 
oper�tlon, no changes are require� for D�C system op�ratlon. 

Based on the a�ovc, the inst�llH"ion �nrl operation of the owe sy�te� 
does not pres�nt an unrevlcwed sufcty question ftS dufined In 10 CfR 
50.59. 
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D i v i s ion Sy s t em O�scr i p t 1on f o r  Dc f u c l ln£ �J t c r  Cleanup 
Reactor Vesse l  Cleanup Sys t rm 

SUMMARY OF CHANGE 

PAGE 

Incorporated changes to add third 4 x 4 Ion Exchanger to allow two 
ion exchangers to be dedicated to �his syste� and separate systec 
froc FTC/SFP Syste�; revised re ferences ; revised setpoints (Section 
2 . 2 ) ;  revised initial f i ll and draining to reflect addition of ion 
exchanger level switch disable, added valve numbe r s .  

Change Dw g .  No . ,  i t e m  2 2 . b  p . 7 ;  added note page 7 ;  deleted sentence 
p . 8 ;  added "V084 ( FV-10 ) " ,  p . 8 ;  deleted par�ntheses around Mp-6 or 
SM, p . 9 ;  added •by EPICOR-1 1  fro� a RCBT a s  required , M  p . 9 ;  changed 
EPICOR to "Nuclear Packaging 50 f t3 ��VL�LOY Dcmineralizer/ H I C , "  
p . lO changed later to "4850," p . l 6 ;  added note p . l 6 .  

Added relief valves R-4, R-5, R-6 & R-7 t o  protect filter 
canisters. Added specific location of sample poin t s .  Added 
detailed description of saople box 1 anJ 2 and their exhaust 
syster. Changed boronometer !roo AE- 1 2  to AE-17 . Added references 
18r , s , t , u ,  22a , d , e ,  23 and 24. Added valve numbers to Section 3 . 2 .  
Added startup details on the RV return line valves and the sample 
box 2 f i l t ration module . Added precaution for sacple box 2 face 
veloci t y .  Revised section 5 . 0  to delete forthco�ing info�ation. 

Added ref. 22£, inlet hose to P-2A/S changed to hard piping. CLO 
systec tie-in incorporated, noted that CLD-P-1 may be used to aid 
backflushing. Added flow indicators on sacple box return lines. 
Revised post filter F-6 load point . Revistd set point for filter 
canister loading & post filter loading. Adde·d LAL-2A. 

Revised description of LIS-2A/B in S�ction 2 . 2 .  Added ��P.� ion 
exchanger post" in front of " f i l ter" in last paragraph of Section 
2 . 1 .  

Changed set point fo� f i l te r  canister post filter. Noted addition 
of bypass spool piece and addit ional modes o£ operat ion. Change i 
caxioum NTU valu<' for processing to 5 .  A!!dt•c! �· ! •  �··::"· � '• ·  
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1.0 DESIGN DESCUPliOS 

1 . 1  S�m���ary 

The reactor vessel c leanup systea is a teaporary liquid proces&ing 
system which is designed to process water contained in the reactor 
vessel. The systec's major functions are: 

a) t o  filter the water contained in the reactor vessel to reaove 
suspended solids above a nominal .5 micron rating. This is done 
to maintain the clarity of the water. I b 

b) to remove soluble fission products from the reRctor vessel by 
demineralization of the water. This is done to keep the 
equivalent Cs-137 concentration less than .02 �ci/cl , excluding 

I ant iaony , and thus reduce the dose rate contribution of the 6 
water. Sb-125 concentration can be controlled by batch 
processing o f  reactor vessel water at the RCBTs . 

1. 2 References 

1 .  Planning Study, Defueling �at�r Cleanup Systec Doc . So. 
TPO/'DH-046 

2. Technical Plan, Defueling �ater Cleanup Systec Doc. So. 
TPO/TMI-047 

3 .  Division 1 ,  System Design Description, Oefueling �ater. Cleanup 
System Doc. Ko. 2-R72-D�C01 

4 .  Bechtel Drawing 2-X74-DWC01 ,  Defueling �ater Cleanup (O�;) 
Reactor Vessel Cleanup Systeo 

5 .  Bechtel Drawing 2-�74-0�C02 ,  Defueling Water Cleanup (DWC) Fuel 
Transfer Canal/Spent Fuel Pool Cleanup Systeo 

6 .  Bechtel Drawing 2-�74-DWC03, Defueling WaLer Cleanup (DWC) 
Auxiliary Systems 

7 .  Bechtel Drawing 2-POA-6401 , General Arrangecent Fuel Hancling 
Builcing Plan El. 347 ' -6" 

8 .  Bechtel Drawing 2-POA-1303, Ceneral Arrangecent Plenu: Reooval 
Reactor Building 

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

10 . Burns & Roe Drawing No. 2026 , Flow Diagra= Spent Fuel Cooling 
and Decay Heat Reoova l  
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11. CPU Drawing No. 2R-95�21-001 P&ID CoQposite Sub=erged 
Demineralizer SysteQ 

12.  THI-2 Recovery Division System Design Description for SubQerged 
Demineralizer Systea, Doc. No. SD 3527-005 

1 3 .  Division Systea Design Description for Spent Fuel Pool/Fuel 
Transfer Canal Cleanup System, Doc. No. 15737-2-�72-DWC02 

1 4 .  Instrument Index, Doc . No. 15737-2-Jl&-001 

15. Design Engineering Valve List , Doc . No . 15737-2-Pl&-001 

16. Standard for Piping Line Specifications for CPU Nuclear Corp. 
TM1-Un1t 2 Standard 15737-2-P-001 

1 7 .  �echanical Equipment Lis t ,  Doc. No. 15737-2-Xl&-001 

18.  Bechtel Piping Isometrics 

a .  2-P60-D�C01-D�CS - Pumps P-2A& B ,  P-3A&B , P-4A&B,  and 
Xiscellaneous Details 

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

c .  2-P60-DwC03-D�CS - Reactor Vessel filter Trains A & B -
Outlet �a�ifold Piping 

d .  2-P60-D�C04-D�CS - Transfer Canal/Fuel Pool Filter Tra.ns 
A & B - Inlet Manifold Piping 

e .  2-P60-DWC05-DWCS - Reactor Vessel Filter Train Saaple Lines 

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

g .  2-P60-D"C07-DWCS - Samples Lines Upstreac & DownstreaQ o f  
Ion Exchangers 

h .  2-P60-DWC08-D�CS - t·orvarding Pumps P-6 and P-7 ,  Suction & 
Discharge Piping 

i .  2-P60-D�C09-D�CS - Forwa rding Pucps P-6 a�d P-7 Di schar&c 
Piping 

j. 2-P60-D�Cl0-DW�S - Supply Piping to Jon Exchangers K-1 & 
K-2, Supply & Discharge PJpi�g for Post Filter F-8 
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lt .  2-P60-D�Cll-DWCS - Supply Piping to loo E.schangers K-1 , 
K-2 aod K-3 

l .  2-P60-D�Cl2·D�CS - Borated �ater flush Piping ! roo SPC-T-4 

Cl .  2-P60-DWC13-D�CS - Transfer Canal/fuel Pool filter Trains 
-A" & "B" Outlet Maol!old Piping 

n .  2-FSO-DWC14-D�CS - Transfer Canal/fuel Pool filter Trains 
"A" & "B" Outlet Manifold Discharge Piping, Supply & 
Discharge to Booster Pucp P-J 

o .  2-P60-D�Cl5-D�CS - Nitrogen Supply Piping to SPC-T-4 and 
Drying Station 

p .  2-P60-DWC16-D�CS - Discharge Piping fro: D�C Booster Pump 
P-5 

q .  2-P60-D�Cl7-D-C �iscellaoeous Piping Details 

r .  2-P60-D-Cl8-DWCS - �isc:ellancous Piping Details 

s .  2-P60-DWC19-DWCS - Sacple Panel So. 1 ,  fHB 

t .  2-P60-DWC20-D-CS - Sacple Box No. 2 ,  fHS 

u .  2-P60-DWC21-DWCS - Sa:ple Panel No. 2 Drain & Return to 
Spent Fuel Pool A 

1 9 .  ECA No.  352�-84-004 1 ,  Definit ion o f  the Defueliog Water Cleanup 
Systec. 

20. ECA No. 3245-84-0034 , Dcfueling Water Cleanup Systec 
Penetration �odificatioos. 

21. ECA No. 3527-84-004 2 ,  SOS Tie-in to OWCS. 

22.  Bechtel Area Piping Drawings 

a .  2-P70-DWC02 - lnst ruce�t AJr ��nifolds & Hose Routings !or 
OWCS - Reactor & FHB 

b .  2-P70-DWC03 DWCS Hose Network Reactor Bldg. Plan El .  
3 4 7 ' -6" 

c .  2-P70-0WC04 OWCS Hose Network fuel Handling Bldg. Plan 
El. 347'-6" 

d .  2-P70-DWC05 - OWC Systec Hose Network Sections and Details 

c .  2-P70-0WC06 - 0\0CS - Process Hose Schedule - Reactor & FHB 

f .  2-P70-CL001 - Canister Load ing & Oecontactnation Systec, 
Fuel Handling Building 
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23. TER-15737-2-C03-106, TMI-2 Division Technical Evaluation Report 
for Defueling �ater Cleanup System. 

24 • .  TER-15737-2-G03-Il4, TMI-2 Division Technical Evaluation Report 
" for Defueling Canisters. 

25. ECA No. 3525-85-0304, DWCS RV Filtration Manifold Modification. I 6 

1 . 3  Detailed Svstem Description 

1.3.1 Description 

The reactor vessel cleanup system is a liquid processing 
system which will process water from the reactor vessel. 
The systeo is shown schematically on Dwg. 2-�74-DWCOl , and 
its associated Dwgs. 2-M74-D�C02 and 2-M74-DWC03. {:;ote , 
some valves identified herein have been given an 
instrument designator as well as a valve number. ��en 
this occurs, the instrUQent designator is shown in 
parentheses after the valve number. ) 

The system has two submersible type pumps (deep well 
pumps), P-2A and 28, which are housed in wells and located 
in the fuel storage pit in the shallow end of t�e 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 WestinghouRe work plat form 
via pipes which connect the no7�les provided on the work 
platform to the wells. 

The system has four particulate filters, f-1 , 2, 3 and 4 ,  
each capable o f  filtering a flow of 100 gpm. The filters 
are co�posed of sintered metal filter media which is 
contained in codified fuel canisters. These filters arc 
capable of removing debris, mainly fuel fines (U02) and 
core debris (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 
have been loaded . Also, the filters are submersed in the 
transfer canal to provide the appropriate radiation 
shielding. 

The two pumps and four filters are arranged so that one 
pucp discharges to two fil ters. Therefore, the filtration 
portion of the system is divided into two trains, each 
train contains one pump which feeds two filter canisters. 
This allows the system to filter 200 or 400 gpm from the I (, Reactor Vessel. The two pump arrangement allows for 
greater flexibility in system operati on� an1 provides 
redundancy to allow syste= operation during maintenance . 
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A f i l t�r is used until the d i fferential pressure reaches a 1 6  
predetercined aetpoint .  At this point the system is 
shutdown and then, after a waiting period (approximately 5 
min . ) ,  i t  i s  restarted. The d ifferential pressure is 
noted and if i t  returns - to a low value the system will be 
run again to the pressure setpoint . This process i s  
repeated until the d i f ferential pressure a t  restart 
reaches a value near the shutdown &etpoint . \.'hen this 
occurs within one hour, the train i s  shutdown and the 
f ilters are replac�d . 

Loaded canisters are expected to genercle sonl l  quan t i t ies 
of oxygen and hydrogen gas due to radiolysis of water. 
Pressure relief valves R-4, R-5, R-6, and R-7 are provided 
on the filter canister outlet lJ�es upstreao of their 
isolation valve s .  Th e i r  purpo�e i s  to prevent 
overpressuring the filter canisters when isolated due to 
the small quan t i t ies of n2 and 02 produced 
(approximately 0 . 029 f t3/day . )  

Once the water has been f i l tered, a l l ,  or a portion o f ,  
the flow can be returned t o  the Reactor \'easel . The 
a111ount of water returned is controlled by recotely 
adjusted valves V015A & B ( HV30A&B ) .  Each o f  these lines 
w i l l  conne c t ,  via flexible hoses, to the separa te inlet 
nozzles on the work platforc. A sparger has been placed 
on each return line to caintain a positive pressure in the 
a t tached hoses. 

!rat portion of the flow not returned to the vessel can be 
further processed to remove soluble fission product s .  The 
flow from the p�ps , which passes through a single line to 
the ion exchangers , i s  autoca t i cally controlled by 
remotely adjusted flow control valve V084 (FV-1 0 ) . There 
is a post f i l t e r ,  F-5, located in that line to ensure 
that, in case of a failure of a filter canister, no fuel 
fines can reach the ion exchangers. The loading on the 
post filter is expected to be minimal and , as such, they 
will be standard d isposable cartridge type filters.  

Bypass lines are installed on both filter trains. The 
bypass line will allow the f i l ter canisters in a train t o  
be bypassed , and allow direct routing of water t o  the post 
f ilter and ion exchange r s .  

Two i o n  exchangers , K-1 and K - 3 ,  are dedicated f o r  use in 
this syste!D. Each o f  these ion exchangers can handle the 
normal 30 gpo flow. The ion exchange cedia i s  a bed of 
zeolite resin which will recove the Ca-137. The two ion 
exchangers provide flexibility in operation so that one 
can be taken out of service without interrupting normal 
flov. The ion exchange media is contained in a 4 x 4 
l iner which is similar to those in use for the EPlCOR 1 1  
systec. 
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The level in each ion exchanger is maintained by 
regulating the flow out of the ion exchanger to match the 
inflow. The outflow is regulated by a throttling control 
valve V029 or V266 (LV 45 or 72) , which is located 
downstrea= of an a i r  driven reciprocating diaphragm pump 
P-6 or 8 .  This valve automatically throttles in response 
to changing 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 
a i r  pressure to the pumps. Post filter F-6 is located 
do��strea= of these pumps to prevent the migration of any 
resin fines. The water is returned from here to the 
reactor vessel via flexible hoses. 

Sample points are provided upstream and downstream of each 
filter train. These samples are routed to sample box 1 ,  a 
glove box located in the FHB. The glove box has a self 
contained blower and HEPA filter which d ischarge to the 
FHB ventlation system. Sample points are also provided 
upstream and downstrea� of ion exchangers K-1 and K-3. 
These samples are routed to sample box 2, a laboratory 
hood located in the FHB. The hood is connected to 
combination blower/prefilter, HEPA filter package S-2 and 
discharges to the FHB atmosphere. The S-2 inlet dampers 
should be adjusted to maintain a 100 to 140 feet/minute 
face velocity at the sample box 2 hood. 

This system provides the operator with the capabi lity 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 pane l .  The radiation levels of the ion 
exchange influent and the boron concentration and pH of 
the ion exchange effluent are also constantly monitored 
and displayed at the local control panel . 

Several inlets have been provided on the DWC system 
through which borated water can be gravity fed froo the 
s tandby reactor pressure control system storage tank to 
backflush the system. The CLD booster puop ( CLD-P-1) may 
also be used as on aid in backflushing the system. The 
system will be backflushed when radiation levels in the 
piping are determined to be excessive and prior to 
maintenanc e .  

A path to allow flow to the reactor coolant bleed tanks i s  
provided to allow for system inventory reduction. Also, 
batch processing to reoove Sb-125 will be performed by 
EPlCOR-11 from a RCST as required. :his flow path uses a 
portion of the submerged demineral1zer system. Th i s  path 
is located downstream of the DWC ion exr.hangers , and, as 
such, this flow does not pass through the SUS ion exchange 
vessels .  
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1 . 3 . 2  System Components 

P-2 AlB Reactor Vessel Cleanup Pucps 

Type : Vertical Submersible Deep Well Puop 
Hodel: Goulds VIS 9AHC/2 
Material: Stainless Steel Bowl and shaft vith a 

bronze impeller 
Hotor: 
Rating: 

Franklin Electric 25 hp, 460 Vol t ,  3 phase 
264 FT TDH at 220 gpm 

Hinimuo Flow: 20 gpm 

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

Type: Pleated Sintered metal media 
Hodel : Pall Trinity special product contained in a 
critically safe canister 
Rating: 0 . 5  micron Nominal Removal Rating 
Flow: 100 gpm 

f-5/6 filter Canister Post filter and DWC Post filter 

Type: Disposable Cartridge 
Hodel : Filterite No. 921273 Type 

18�503C-304-2-fADB-Cl50 
Rating: 0 . 4 5  micron nominal recoval rating 
Flow: 20 t o  60 gpm 

K-1/3 Ion Exchangers 

Type: Zeolite resin contained in a 4 ' x4 '  HlC 
Hodel :  Nuclear Packaging 50 !t 3 Env1ralloy 

Decinera lizer /lllC 
Flow: 30 gpc 

P-6/8 forwarding Pucps 

Type : Air driven double diaphragm puop 
Hodel : B . A .  Bro:�ley Heavey Metal Pu:p Hodel :;o .  H25 
Material: Stainless Steel with Viton diaphragms 
kating: 60 feet TDH at 60 gpo 

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

Model :  Anderson Greenwood No. 83HS46-4L 
Orifice Area: 0 . 049 1n2 

Set Presure: 130 psig 
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Sacple Box 1 

Type: Glove Box 
Mfgr: Labconco 
Model: No. 50002, Radioisotope Glove Box 
Material: Fiberglass-reinforced polyester 
Built-in Blower: 115 vol t ,  1/15 HP, variable speed 
Filters: Inlet Prefilter,  outlet HEPA filter 
Dicension s :  50� x 30H x 37" 

Sample Box 2 

Type: Laboratory Hood 
Mfgr: Labconco 
Model: No. 47810, Radioisotope-47 Laboratory Hood 
Material: 316 stainless steel 
Dicension s :  47" x 29" x 59" 
Reco�ended Face Velocity: 100-140 f t /�in. 

S-2 Sacple Box 2 filtration Module 

Hfgr: General Dyna�ics Reactor Plant Services 
Xodel : PfB(H)-1000 
filters: Prefilter and HEPA filter 
Blowe r :  230 VAC, 5 H P ,  20 k�P, 3450 rp� 
Rated Capa c i t y :  1000 CFM 

For instrumentation, valves, piping, and equipcent 
details, see references 14, 1 5 ,  16 and 17 respe c tively. 

1 . 4  Syste� Performance Characteristics 

The system is designed to function in any of the modes of operation 
shown in table 1 below. 

Table 1 

Reactor Vessel Cleanup Systeo Operational Configurat ions 

FILTER FL0\0 (GPX) 
(Return to 
Reactor Vessel) 

400 ( 200J 
400 ( 200J 
400 ( 200) 

( O J  
[ O J  

10� EXC��GER FL0\0 (GP�) 
(Return to 
Reactor Vessel) 

0 
30 
60 
3(' 
60 

( Numbers in brackets indicate flow i f  only one train is in 
operation . )  
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The operational mode i s  determined �y the particulate and 
radioactive concentrations in the reactor vessel. If the visibility 
in the reactor vessel i s  sufficient to allo� defueling operations to 
continue, and the NTU level i s  belo� 5 (see Section 2 . 3 ) ,  a train 
with a bypass line may be run at a reduced flow to allow processing 
of the water through the ion exchangers (30 gp� each) without using 
the filter c�nisters. The choice of one or both ion exchangers i s  
based on the equivalent C-137 concentration in the reactor vessel .  

If the visibility deteriorates , such that defueling operatio�s 
cannot continue, or if the t;ru level exceeds 5 ,  processing through 
the ion exchangers should be discontinued, and filtration through 
the filter canisters should be initiated and continued until 
defueling operations can resuce and the NTU level i s  below 5 .  
Filtration would be done by either adjusting the valve line-up in 
the bypassed train or by starting the other train, or by perforcing 
both of the above. 

As the filters load up , the pressure di fferential across the filter 
train increases. As the differential pressure increases, the flow 
rate is maintained constant by manually adjusting remote valves 
V015A and V015B ( HV-30A and JOB ) .  

1 . 5  System Arrangement 

Well pumps P-2A and 28 are located in the fuel storage pit of the 
Unit 2 Reactor Bldg. These p�ps are housed �n wells which are 
located in this p i t .  The wells are connected by pipe t o  the 
Westinghouse work platfor=. The pu=p discharge is routed �o the 
filter canisters via a skid counted manifold which i s  located above 
the water level of the canal .  The filter isolation valves are also 
located on the skid . The filter canisters are in racks which are 
sub�ersed i n  the fuel transfer canal. The manifold is connected to 
the inlet and outlet of the filters via coded , armoured hose. rne 
inlet and outlet connec tions are coded to prevent cis-connection of 
the hoses. The outlets from the filters return to the canifold fro= 
where the water is routed back to the vessel or to the ion exchange 
systec for further processing. 

The ion exchangers are !ocated behind appropriate shielding in the 
fuel Handling Building. The water that has been demineralized is 
pucped back to its source by air driven pumps which are located near 
the ion exchangers . 
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Saaple box 1 is a t  the southeast end of the spent fuel pool A .  
Saaple box 2 is o n  the D�CS platform near the D�C ion exchangers . 

The ayste� uses the following existing penetrations which have been 
modified for their te�porary function. 

Penetration No. 
Hodifif:d 
Function 

R-542 

R-.546 

R-553 

R-j37 

R-.545B&C 

R-.554D 

Decay Heat 

Radwaste Disposal 
Gas 

Radwaste Disposal 
Reactor Coolant 
Liquid 

R . B .  �ergency Spray 
and Cor� Flooding 

Spares 

lnstru::�ent Air 
to LOCA Dampers 

Back !lush 

t'low to lC\n 
Exchangers 

Return from 
Ion Exchangers 

Sampling 
Return 

Sacpling 

Instruaent Air 
Supply to D\<C 

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

1 . 6  Instrumentation and Control 

1 . 6 . 1  Controls 

The cajority of system control is hsndled remotely fro� a 
control panel which is located in the Fuel Handling 
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 s�itches to shut the pumps down. 

Filtered water flow back to the reactor vessel is 
monitored by the operator and adjusted by reaotely 
controlled valves V015A and V015B ( HV30A& B ) .  The flow t o  
the ion exchanbers i s  controlled automatically b y  flow 
control valve V084 ( FV-10 ) ,  which seeks to maintain flow 
to the ion exchangers at the selected setpoint . 
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Re,urn flow to the reactor vessel from the ion e xchangers 
is controlled automatically by control valves V029 and 
V266 (LV 45 and 72) .  Each valve responds to a changing 
level in i t s  associated ion exchanger, which is sense1 by 
a "bubbler" type of level mea·suring device. This level 1 &  
maintained between a high a�j low setpoint in the ion 
exchanger. The forwarding pumps' head-flow 
characteristics can be changed as needed by manually 
adjusting the a i r  pressure to the pucps. This control 
scheme maintains the inflow equal to the outflow in the 
ion exchanger. 

For further information on the instrumentation, refer t o  
the Instrument Index (Ref. 14) . 

The pump l:lOtors are supplied with 480\1 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 from the control panel or local 
sources. 

Monitoring 

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

The di scharge pressure of the submersiole well pumps i s  
monitored ( Pl-4A & 4 B )  to determine i f  the pu�p i s  
operating correctly and also to provide another Indication 
that the pump is operating. 

In order to determine the degree of filter loading, the 
primary filter canisters and the secondary post f i l ters 
are equipped with remote indicat ion of differential 
pressure across the filters (DPI-5A, 58 & 3 3 ) .  The 1� 
di fferential 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 (FI-7A, 78  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 
constan t .  Also, the flow to each ion exchanger is 
integrated by a local device (FQ176 & 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 m�nitored (Al 43A & 438) prior to its return 
to the source.  Also, the capability to obtain grab 
samples of process fluid has be�n provided for at several 
locations in the system. The radiation levels in the 
process fluid are continuously monitored upstream of the 
ion exchangers (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 (A£ ll & 17) . This assures the operator that 
the proper boron concentration is maintainect in the return 
flow. 

The hieh and low level trip conditions in the ion 
exchangers alarc to the local control panel located in the 
Fuel Handling Building. This is done to ensure that the 
operator is aware of this condition so that the proper 
evaluation of the system condition that caused the level 
mismatcn can be made. The operator will isolate the ion 
exchanger portion of the syste� during this event.  

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

Trips and Interlocks 

The reactor vessel cleanup well pumps , P-2A/8, are 
provided with low level setpoint trips, and alara LAL-2A, 
to ensure that the pumps do not operate under potential 
cavitation conditions. Also, a low level in an ion 
exchanger will trip i t s  forwarding pump and terminate flow 
from that ion exchanger. Additionally, a high level in 
the ion exchanger would terminate flow to that ion 
exchanger by closing its inlet valve, and also would stop 
its forwarding pump. These trips are taken from � 
conductivity level r:obe in the ion exchangers. A low 
level in the I I F  will trip pumps P-2A and P-28. 

Locally mounted toggle switches are provided near the ion 
exchanger to disable the level switches to allow for 
filling and draining of the ion exchangers. An alarm a t  
the local control panel alerts the operator when the level 
switches are disabled. 
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The reactor vessel cleanup well pumps , P-2A/B are equipped 
with interlocks to prevent them from being started during 
a low level condition. Addi t ionally, either a high or a 
low level in the ion exchangers prevents the valve 
upstream of the ion exchangers from being opened and 
pre\•ents the restart of the afr driven forvarding pucps .  
This vill ensure that the exchangers are not overfilled 
and also that any flow mismatch condition is proprr1y 
evaluated by the operator prior to restart of the system. 

For trip setpoint s ,  �ee section 2 . 2 .  

1 . 7  System Interfaces 

Those systems interfacing vith the DWC are as follows : 

a) Standby Reactor Pressure Control SysteQ (existing) 
Use: Provide a source of borated water for backflushing 
Tie-in: A single connection from SPC-T-4 downstream of SPC-\'I 
to several points in system 

b) Subcerged Demineralizer System (existing) 
Use: Provide a path to the reactor coolant bleed tanks 
Tie-in: Downstream of CS-V-IX-32 near 1 1/2" jumper from 
downstream of ion exchanger post filters . 

c )  Instrument Air System (existing) 
Use: Provide source o f  instrument air to equipcent i n  the 
Reactor Building. 
Tie-in: From existing Instrument A1 r supply to LOCA dampe.r s .  

d )  Instrument Air System {existing) 
Use: Provide source of instrument air to equipment located in 
the Fuel Handling Building. 
Tie-in :  Froc existing Instrument Air supply to Spent Fuel Pool 
gate seals 

e) Service Air System (existing) 
Use: Provide a source of service a i r  to the forvarding Puops 
P-6 and P-8. 
Tie-in: Service Station 87 plus another station if needed 

f )  F HB  Vent i l ation System (existing) 
Use: Receive saQple box 1 ventilation 
Tie-in: 4 loch diameter hose stat ion at southeast end of FHB 

g )  Canister Loading & Decontamination Systec (new) 
Use: Provide borated water for surface decontamination of 
canisters 
Tie-in: At Valves DWC-V3 2 1 ,  V32 2 ,  & V323 
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1 . 8  QUALITY ASS��CE 

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

a .  Portions of the system associated with ion exchange processing 
are considered to be a radioactive waste processing system; 
therefore, these portions of the systec shall be subject to the 
quality assurance guidelines contained in h�C Regulatory Guide 
1 . 143. 

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

c .  The recainin& portions of the syste� arc subject t o  the BSAPC 
non-safety-related quality assurance program. 

The �l-2 Recovery QA Plan will be applicabl� for work performed on 
s i t e .  

2 . 0  SYST� LI� ITATlOSS, SETPOISTS �;o PRECAuTlOSS 

2 . 1  Limitat ions 

The systeo is flow limited to 200 gp� through each filter train, 400 
gpc total, and 30 gp� through each ion exchanger ,  60 gpm through the 
ion exchanger loop. 

The cain filter canisters are limited to 55 psld as read on 
DPl-5A/B. This allows a 4S psi di fferential across the filter 
medi a ,  with 10 psi of drop due to friction losses in the piping and 
hoses at design flow. 

At this point , an alarm on the local control panel will inform the 
operator to stop and restart the system or change out the filter. 

The filter caniste� post filter ( f-5) i s  licited to 18 psid. The 
ion exchanger post filter (f-6) i s  limited to 4S ps l d .  

The ion exchanger post f i l t e r  is considered f u l l  and ready for 
change out when e i ther the maxicuc pressure d i f ferential is reached 
or when t! e performance ( flow) drops 20t below design flow. 

2 . 2  Setpoints 

DPSH 5 A/B trips the alarm a t  55 psid across the filter canisters. 

ASL 17 trips the alar� at a low Boron concentration ot 4850 pp�. 
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DPSH 33 trips the alarc at 18 psid across the f ilter canister post I 6 
filter. 

RC-LIS 103 trips alarcs an� pucps at high IIF level of 327 ' -9" and a 
low ._IIF level of 32 7 ' -3" • 

RIS-9 trips the alarc at a high radiation reading· of 0 . 9  mR/hr. 

LSL 37/71 and LSH 37/71 trip the ion exchange loops a t  + 3" fro= the 
normal operating level. (Note: Low level i s  10" from top of IX , 
High level is 4" from top of IX . )  

LIS 2A/B trips alarm LAL-2A when a decreasing level of 320'-6 1/2" 
is reached in the well, and trips pumps 2A/B when a decreasing level 
of 317 '-6 112• is reached in the well. (The pumps are tripped when 
the water is approximately 1 ' -0" above the pump suction ) .  

For additional setpoint inforcation, refer to Ref. 14 . 

2 . 3  Precautions 

Due to the n�ber of quick disconnect coupl ings, extra care should 
be taken to ensure that the couplings are properly connected and 
that they are connected in the proper locations. This precaution 
will help prevent a loss of reactor vessel inventory. 

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

The filter canisters operate by a surface filtration method , and 
their effic iency increases as a cake is built U? on the surfac� 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 o! the systec should 
not be started until a cake has begun to be forced on the cedia.  
This can be verified by observing the turbidity of the f i lter 
effluent. ��en the filter train i s  started up, there will be an 
initial turbidity spike caused by smallet particles passing through 
the media. As the cake i s  built , these particles are stepped and 
the turbidity decreases. Once the turbidity reaches a level of 5 I h 
NTU or less , the ion exchange portion of the system can be started. 
To prevent the breakdown of the cake, the system should not be 
started or stopped unnecessarily. 
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Due to the radioactivity in the water, the system should be 
carefully drained and flushed prior to any maintenance work. 

Double isolation has been provided for in the system �esign t o  
sep�rate borated and nonborated water supplies . 

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

3 . 0  OPERATIONS 

3 . 1  Initial Fill 

The syste� is filled initially by borated water from the standDy 
reactor coolant pressure syste� through the backflushing system 
provided (see section 3 . 7 ) .  The filters are filled to the inlet and 
outlet manifolds and the ion exchangers are filled until they reach 
their norcal operating leve l .  The suction piping from the Ilf to 
well pucps 2A/B should be fi lled as much as possible. 

To initially fill the DkC ion exchangers K-1 and K-3 the level 
switches must be blocked out. This is accomplished by placing the 
block-out toggle switch, for the ion ex�hanger to be filled, tn the 
proper position. This will allow isolation valve V025 or V260 to be 
opened . Once the ion exchanger is filled to the operating level, 
the level switches are returned to operation by returning the block 
out toggle switch to i t s  original position. As a reminder to the 
operator, an alarm i s  activated a t  the control panel when the level 
switches are blocked out. 

3 . 2  Startup 

Prior to startup, valve alig�ent must be checked to verify that the 
process water for each filter train and the ion exchanger loop is 
taken froc and returned to the reactor vesse l .  The well pumps 
P-2A/8 are isolated by the recote manual isolat ion valves V004A/B 

(HV27A/B) .  The ion exchanger loop is isolated by the recote 
isolation valves V025 & V260, and the control valves V029 & V266 
( LV45 & LV72) in the ion exchanger loop. The return lines to the 
source are isolated by th�: re�ote control valves V015A/B OIV 30 
A/B ) .  For initial startup, valves V016 AlB should be closed. The 
well pucps are started and placed on cinimum recirculation flow. 
The pucp isolation valve V004A or B ( IIV27A or B )  for one filter 
train is slowly opened to allow any trapped air to escape through 
the autocat i c  vent valves. Once the isolation valve is fully 
opened , the return valve V015 A/B ( HV30A/B) is opened approxima tely 
85% . Durin& initial startup, the globe valve V016 AlB I s  opened 

Page 19 
Rev. 6 
0057Y 



2-H72-DWC01 

slowly until 200 gpo through the train i s  obtained. following 
initial startup, valves V016A/B will rema in in these posit ions, and 
startup will be initiated by slowly opening valve V004A/B ( HV27A/B) 
with valve V015A/B ( HV 30A/B) approximately 85! open. Flow is then 
adjusted to 200 gpo by adJusting valve V015A/B (HV 30A/B). The 
other train then i s  brought to the desired flow by following the 
same procedure. 

The ion exchange system is brought into service only when the 
turbidity, as monitored by the in line nephelometer, AE-43 A/B, 
reaches an acceptably low level (i.e. 5 NTU). The ion exchanger 
should always be brought tc normal operating level prior t o  
operation o f  t h i s  portion of the system. 

If the ion exchanger is at low level, it should be filled with 
borated water from the back flush system (see Section 3. 7). At this 
t ime, the inlet isolation valve V025 or V260 is opened. The air 
pressure to the ion exchanger forwarding pump is manually adjusted 
to the pressure required to maintain the flow rate chosen. The air 
supply solenoid valve Vl54 or V262 is then opened which will start 
the puop and lower the level in the ion exchanger to the point where 
the level control valve will close. This level is above the 
isolation low level. flow is &lo�.:ly started to the ion exchanger by 
opening the flow control valve until the desired ion exchanger flow 
rate is 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 valv� to regulate the outflow. 

The sample box 2 filtration module inlet dampers should be adjusted 
to create o 140 feet per minute face velocit>' across sample box 2. 

3.3 Normal Operation 

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

3.4 Shutdown 

The steps to bring the system to a shutdown condition are basically 
the reverse of the startup pro�edure. The ion exchanger flow would 
be brought to zero slowly by remote operation of the upstream flow 
control valve. As the level in the ion exchanger drops, flow from 
the forwarding pumps is terminated by the closure of the control 
valve downstream of the puop. Either (depending on system 
operation) of the Isolation valves from the filtrat ion trains to the 
ion exchanger is then closed, and the solenoid valve !or 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 tile pucps and closing the pu:np isolation valves. 
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3 . 5  Draining 

There i s  a low point drain which can drain both filtrat ion train 
manifolds and part of the ion exhcange loops to the fuel transfer 
canal. A manual blockout switch is provided which wtll deactivate 
the ion exchanger level switches . This allows the ion exchangers to 
be pumped out to the reactor coolant bleed tanks vis the connc��ion 
provided . 

3 . 6  Refilling 

The fully drained system can be refilled in the same manner that the 
system 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 Operat ions 

Flushing of the system may be performed when the internal 
conta�ination level gets high or prior to internal maintenance 
work . The system is shutdown (see Section 3 . � )  prior to flushing. 

One flushing option a llows a gravity flush from SPC-T-4. Borated 
water is stored in the charging water storage tank, S PC-T-� , located 
at the 3�7 f t .  elevation in the Fuel Handling Building. This tank 
is connected to the DWCS . If desired, the CLD booster pump 
(CLD-P-1) may be used to assist in backflushing. Either filt�r 
train may be flushed without stopping flow through the other. 

flushing :ay be accomplished by opening one of the inlet valves !roc 
the flushing system {depending on which portion of the system is t 
be flushec) and then opening the drain valve to the fuel transfer 
cana l .  After sufficient time has been allowed to flush the system, 
the drain valve i s  closed and then the inlet valve i s  closed. The 
system is then restarted following the procedures in Section 3 . 2 .  

Systec inventory can be decreased as needed b y  diverting the return 
flow !roc the ion exchangers through the lines provided to the 
Reactor Coolant Bleed Tank s .  Also, the water can be routed to the 
RCBT as required for processing to remove Sb-125. 

3 . 8  Transient Operations 

The only effects of anticipated :ransients ( e . g . , loss of pumps , 
valve misoperation, or loss of controls) are a mismatch of flows 
froc and to the reactor vessel. More water can be removed froc the 
source than is replaced by a failure to control level in the ion 
exchRngers . In the case where level control in the ion exchangers 
is los t ,  the source outfluv will exceed the inflow by a maxicum of 
60 gpo. This situation can be detected by flow instrumentation in 
the return line and by a decreasing level in the reactor vessel. 
This i s  an unlikely event since the level controls receive their 
signals from two separate,  diverse types of level instrumentation. 
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4 .  0 CASUALTY EVENTS AND RECOVERY PROCEDURES 

4 . 1  Loss of Power 

A loss of power to the entire system would simply shut the systeo 
down. A loss of power to the well puops with an additional failure 
which results in sioultaneous loss of l-!vel control in the ion 
exchangers would result in a flow miscatc:h. In this case, the 
systeo would be automatically shut down until power is restored . 

Loss of power to individual components would place the cocponent i n  
i t s  safe mod e .  An a i r  operate� valve, for exaople, would f a l l  t o  a 
position that ensures no damage to other components. 

Loss of power t o  the control panel would cause the loss of all 
information and fail all control and solenoid operated valves. The 
system would be shutdown until pow�r is restored. 

4 . 2  Loss of lnstrucentatlon/ Instruoent Air 

Loss of instrumentation would hamper operations but no adverse 
conditions would result and the system could be safely shut do�� 
until the problem is resolve d .  

Loss o f  a single instrucent c:hLnnel will result in the loss of 
indication for that channel and, for those channels that have 
control features, a flow clsoatc:h. This flow miscatc:h will result 
in an automatic: shutdown of the af!ected portion of the system. 

Loss of the internals indexing fixture (llf) level indicatl�n system 
(bubbler) will result in an erroneous level indication �h!ch will be 
noted when c:oopared with a redundant level indication systeo. Since 
this system has no control features, no adverse systeo c:onditfons 
wi l l  result .  

Loss of instrument air will take the individual components to their 
fail safe position. Flow mismatches induced by loss of air will 
result in autooatic: tri�s. Loss of air to the llf level monitori�g 
system will initiate a low air supply pressure alarm. 

On the loss of instru:ent air,  level control in the ion exchangers 
would be los t ;  however, the ion �xchanger inlet isolation valve 
(V025 ' V260) would fail to the closed position. Also, the lev�l 
control valves, V029 and V26& (LV45 & LV72 ) ,  will fail to the closed 
position to prevent siphoning of the ion exchanger. 

4 . 3  filter Media Rupture 

A failure of the filter media in the canister could potentially 
release fuel fines to the ion exchange portion of the system. A 
post filter is located downstream of both filter trains in the Jine 
to the ion exchangers . This filter will trap any fuel fines whfch 
would be transported past the filt�r r.anlsters in the event of 
filter failure. The post filter is designed to be critically safe 
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and i s  sized so that a small accumulation of debris will i nc rease 
the differential pressure to the alaro setpoint. Also , the 
nephelometer& in the return line would alert the operator to a 
possible mecia rupture since the turbidity would increase rapidly • 

. 

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

The system may be operated in a mode that bypasses the filter 
canisters. During this mode of operation, the filter canister post 
filter will be providing the required system filtration. ln order 
to preclude the rupture of the post· filter ' s  filter media during 
operation, the oaximum differential pressure that will be permitted 
across the post filter �ill be 18 psid. The post filters are 
designed for a maximum dif ferential pressure o! 45 paid . 

4 . 4  l.ine and Hose Brea� 

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

To help prevent a hose rupture, all process hoses are armoured . In 
case of a hose rupture or line rupture, downstream of the reactor 
vessel pucps , P-2A & 28 , the systec is equipped to trip these pumps 
on the I I F  low level and alarm to the control panel .  This event 
could deliver approximately 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 has sumps or drains to the Aux. Bldg. sumps to contain the 
spill. 

I f  a suction pipe to the well pumps or a return hose to the reactor 
vessel should rupture, � siphoning of reactor vessel water would 
take place. The two 4 inch suction connections provided in the 
Westinghouse work platform are provided �ith two 3/4 inch holes 
drilled 18 inches below the water level which will act as a siphon 
breaker. The three 2 inch return lines are equipped with sparger s ,  
which are simply holes drilled i n t o  the pipes. The first holes are 
drilled 18 inches below the �ater level which will act as a siphon 
breaker. The sample return line is termi�ated 18 inches below the 
water level. Therefore , a maxioum of approximately 3000 gallons of 
reactor vessel wa ter would spill into the fuel transfer canal 
following a hoJ� rupture. Approximately half of this water would be 
contained in the New Fuel Pl t .  

The recovery froc these events would be accocpltsr.ed by isolating 
the ruptured section and replacing the ruptured hose/pipe. 
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5 . 0  SYSTEM MAINTENANCE 

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

6 . 0  TESTING 

6 . 1  Hydrostatic Testing 

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

6 . 2  Leak Testing 

All accessible connections will be initial service leak tested a! ter 
the piping is asseobled. 

6.3 lnstruoent Testing 

All instrucents will be calibrated by vendors. Cooplete 
electric/pneumatic loop verification will be done during start-up. 

7 . 0  HUMAN FACTORS 

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

Extensive use ox hoses i s  oade, especially in the Reactor Building, 
allowing quick installation and use ot existing radiat ion shielding. 
Hoses which are expected to be frequently disconnected are "equipped wlth 
quick disconnect couplings for ease of reooval and replacement. 

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

o The panel includes all controls and dis�lays required for norcal 
operation. 

o Displays provide tc:Dediate feedback that the S)'&teo has responded 
appropriately to an operato r ' s  action. 

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

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

2-M72-DWC01 

o Reco=ders are grouped on the right side of the p3nel avay from the 
flov path. 

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

Page 25 
Rev. 6 
0057Y 



' :0il!)Nuclear ATTACHMEIIT 2 

s D 1 5  737-:.H!72-0:.:t..J� REV _ 
.. 

-

0282Y 

C ITI 
W NI" 
O Nrr �  

TMI -2 
DIVISION 

ISSUE DATE 

SYSTEM DESCRIPTION 
FOR 

DEFUELISG �ATER CL��UP 

Ft:EL POOl ClEA::t,;p SYSTE.'l 

(ECA 3)� 5-8�-00� 1 )  

COG ENG .-Jr�·:_.·)s:...:"':...--J��:....:��-:::..f.:...f ___ _ 

RTR 

COG ENG MGR. 

DATE _s ':n 1f' I ' 

tt/z, 1�4-

86021901 09 8���20 PDR ADOCK 0 PDR p DOCUMENT PAGE __ OF ' '  



ld 5JJ J Nuclear NO 

1 57 37-2-M72-DWCO� 

Title 

Rev. 
1 

1 

1 

1 

1 

1 

1 

2 

3 

nu-2 Divisio n  Systeo Description for Oefuelins \<ater C leanup - PAGE 
Fue l Transfer Canal /Spen t Fuel Pool Cl eanup System 
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OF 
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0\: C  ion exchanger K-2 ded ica ted t o  FTC/SFP CleJnup Syst em and made 
primary routing for Cs-137 reooval with SDS now as a backup. Added t o  
se ct ions 1 . 3 . 1 ,  1 . 3 . 2 ,  1 . 6 . 3 ,  1 . 6 . 4 ,  2 . 1 ,  2 . 2 ,  3 . 1 ,  3 . 2 ,  3 . 4 ,  3 . 5  and 4 . 2  
informa t ion o n  K-2 g i ven previously i n  system desc.r i p t ion 2-M72-D�C01 
( R e f .  1 3 ) .  Any info«1.1 t lon added to or changed ! roo that given 
previously in Ref .  13 is l i s ted be low. 

Added capah i l i t y  t o  by?a � s level swi tch on K-2 (sec t ion J . 5 )  for d r ai ni ng 
and f i l ling . 

Added l ow & high level sH points for K-2 level sl."l t chcs LSL-40 and 
LSH-40. 

Delcred plug valve �100. 5ow usc �099 t �  i bolJ tc 4 Inch hose on return 

li nc t o  the F:c. 

Co:pleted desc r i p t ion o f  Ref .  l B f .  Added Ref .  18� through 1 8q ,  1 9 ,  20, 
2 1  and 22 . 

Added capabi l i t y  t o  route to f-2 & SDS sicultaneous l y .  

Inle t /Outlet manifolds t o r  f i l t er canisters arc not  s�ld coun t e d .  

:;oreal operational code nolo" i s  400 gpo ! roc FTC f i l t ered und r�turned t o  

fuel Pool A. 30 gp: is a l so processed J n  K-2. 

Cesiuo conce n t r a t ion levels chanGed t o  reud equ i va l e nt c e s l uo 
concentra t i o n .  

Dei� J sec t i on 4 . 3 ;  corrected ref . 22b; revi sed t o n  exchanger ood c l , 
ASL-17 setpoint ; cade ccthod of f i l l i ng/re f i l l i ng opt i ona l  J n  sect i ons 
3 . 1  and J . o ;  rev i sed wording in sec t i on 4 . � ;  corrected pump nunbcr i n  
sec t ion 4 . 5 ;  delete sentence sec t i on 2 . 3 .  

Added relief valves R-8 , R-9 , R - 1 0 ,  � R-1 1 t o  rro t cc t f i l t u r  can l s t t r � .  
Added loca t i ons of sacple po i n t s .  Provid�d de tai led in!or�� t ion on 
sa:":lple boxes 1 and 2 and their exlhtubt systec!. . De l eted l>oronooet t' r  
A.E-17. Added refe renc es 18 r ,  s ,  t ,  u ,  2 2  a ,  d ,  e ,  :D , and 2 4 .  Addt•d 
precautions for puop changes and sacp1� box 2 face veloc i t y .  Provid�d 
core de t d i l ed valve l i neup fur s t a r t u p .  Rev l � ed sec t ion S . O  to d e l e t e  
fo rt hcoci ng i nf oroa t i on . 

Added reference 2 2 f .  Rev i sed hubbl�r lev�! u ldra l n s t ru�en t � t l u n ,  
added flc.., i nd lcn to r t o  sar.;? l e  box return l ine!> . IH·v l sed a ! J r;:J 
inst ru::.ent at lon for DPS!I-22,\/B.  CI.D svste::- t i·.:-in lncor;t�Ha � ed ,  
noted that C! D-P-1 may be used t o  a i d  bac� f l u�h i n h .  Revised set pplnt 
for f i l ter can i s t e r  load l n� and p o s t  f i l te r  load l n � .  
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1 . 0  OESICS DESCRIPTIO� 

1 . 1  Su=ary 

The fuel transfer canal/spent fuel pool cleanup systeo is a 
tecporary liquid processing syste: which is des igned to process 
water contained in the spent fuel pool and/or the fuel transfer 
cana l .  Th e  system's oajor functions are : 

�) to filter the water contained i n  the spent fuel pool and/or the 
fuel transfer canal to reoove suspended solids above a nooinal 
.5 oicror rating. This is done to oaintaln the clarity of :he 

water. 1 5  

b )  t o  reoove soluble fission products froo 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/ol, excluding ant ioony , and thus reduce the dose rate 1 5  
contribution of t" water. Also, a f lowp11th to EPICOR I I  via 
the RCBT ' s  is provided to recove Sb-125 in the event that high 
Sb-125 levels are encountered. 

1 . 2  References 

1. Planning Study, Defuellng �ater Clea�up Svste: Doc. So. 
TNITXI-045 

2. Technical Plan, Defueling �ater Clea�up Systec Doc . No. 
TPO/TXI-047 

3. Division 1, Syste: Design Description, Oefuel1ng �ater Cleanup 
Syste= Doc. No. 2-R72-D�C01 

4 .  Bechtel Drawing 2-x74-D�C01 , Dcfuel1n& �ater Cleanup (DkC) 
Reactor Vessel Cleanup Systeo P&ID 

5 .  Bechtel Drawing 2-X74-D�C02, O�fuel1ng �ater Cleanup (D�C) Fuel 
Transfer Canal /Spent fuel Pool Cleanup System P&lD 

6 .  Bechtel Drawing 2-!174-D�COJ, Defueling �ater Clea�up (D�C) 
Auxiliary Systeos P&!D 

7 .  Bechtel Drawing 2-POA-6401 , GPneral Arrange:ent Fuel Handling 
Building Plan £1 . 34 7 ' -6" 

8. Bechtel Drawing 2-�A-1303 ,  General Arrangecent Plenu: Re:oval 
Reactor 8uilding 

9. DC� So. 2026-30-2 , flow Diagram Spent Fuel Cooling a�d Decay 
Heat Recoval 

1 0 .  Burns & Roe Drawing No. 2026, Flow Diagram Sp�nt fuel Cooling 
and Decay Heat Remov11l 
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11. CPU Drawing No. ZR-950-21-001 P&lD Composite Sub�erged 
Demineralizer Systec 

1 2 .  TMI-2 Recovery Division System Design Description ·or Submerged 
Demi��ralizer Syste�, Doc. No. SO 3527-005 

1 3 .  Division System Design Description for Reactor Vessel Cleanup 
System, Doc. No. 15737-2-M72-D�C01 

1 4 .  Instrument Index, Doc. No. 15737-2-Jl6-001 

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

1 6 .  Mechanical Equipment Lis t ,  Doc. No. 15737-2�116-001 

1 7 .  Standard For Piping Line Speci!lcations, Doc . No. 15737-2-P-001 . 

1 8 .  Bechtel Piping Isometrics 

a )  2-P60-D�C01-D�CS-Pumps P-2A&B , P-3A&�, P-4A&B,  and 
Miscellaneous D�tails 

b) 2-P60-D�C02-DWCS - Reactor Vesse� filter Trains A & B -
Inlet ��nifold Piping 

c )  .!-P60-DWC03-DWCS - Reactor Vessel Filter Trains A & B -
Outlet ��nifo1d Piping 

d )  2-P60-DIOC04-0'.;CS - Trans fer Canal/fuel Pool Filter Trains 
A & B - Inlet Manifold Piping 

e )  2-P60-0�C05-PWCS - Reactor Vesel Filter Train Sample Lines 

f )  2-P60-D�C06-0WCS - Discharge Piping from Sample Boxes No. 
1 & No. 2 to Penetrat ion R-537 

g) 2-P60-0'..'C07-Dl.'CS - Samples Lines Upst ream & Downstream of 
Ion Exchangers 

h )  2-P60-Dl.'C08-D�CS - Forwarding Pumps P-6 and P - 7 ,  Suction & 
Discharge Piping 

i )  2-P60-Dl.'C09-m.'CS - forwarding Pulllps P-6 and P-7 Discharge 
Piping 

j )  2-P60-DWC10-DWCS - Supply Piping t o  Ion Exchangers K-l & 
K-2 ,  Supply & Discharge Piping from Post Filter f"-8 

k )  2-P6�-Dl.'Cll-DkCS - Supply Piping t o  Ion Exchan&ers K-1 , 
K-2 , ant1 K-3 

I )  2-P60-DhC12-DWCS - BoratPd Water Flush Piping froc SPC-T-4 
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m) 2-P60-DWCl3-DWCS - Transfer Canal/Fuel Pool Filter Trains 
"A" & "B" Outlet Manifold Piping 

n )  2-P60-D�Cl4-D�CS - Transfer Canal/Fuel Pool Filter Trains 
"A" & "B" Outlet Manifold Discharge Piping, Supply & 
Discharge to Booster Pucp P-5 

o) 2-P60-D�Cl5-DWCS - Nitrogen Supply Piping t o  SPC-T-4 and 
Drying Station 

p) 2-P60-DWC16-DWCS - Discharge Piping fro� DWC Booster �p 
P-5 

q ) 2-1'60-DWC17 Dlo:C Miscellaneous Piping Details 

r) 2-P60-DWC18 - DWCS - Miscellaneous Piping Details 

s) 2-P60-DWC19 - DWCS - Sa:ple Panel So. 1 ,  FHB 

t )  2-P60-DWC20 - DWCS - Sacple Box So. 2 ,  FHB 

u) 2-P60-DWC21 - DWCS - Sa:ple Panel �o. 2 Drain & Return to 
Spent Fuel Pool A .  

19 . ECA N o .  3245-84-0034 - Defueling Water Cleanup Syste: 
Penetration �odi!ications 

20. ECA No. 3525-84-0041 - Definition of the Dc!ucling Water Cleanup 
Systeo (DWCS) 

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

2 2 .  Bechtel Area Piping Drawings 

a .  2-P70-DWC02 - lnstrucent Air Manifolds & Hose Routings for 
DWCS - Reactor & FH� 

b .  2-P70-DWrQJ DWCS Hose Network Reactor Bldg. Plan 
El . 347 '-6" 

c .  2-P70-Dl'C04 Do.ICS Hose Network ;·uel Hllndling Bldg. Plan 
� .  347'-6" 

d .  2-f 70-DWC05 - D�C Systeo Hose Setwork Sections and Det� ! t �  

e .  2-�70-DWC06 - DWCS - Process Hose Schedule - Reactor & Flm 

f .  i-P70-CLD01 - Canister Loa� lng & Decontac1natlo� Systec , 
Fuel Handling Building 

23. TER-15737-2-GOJ-106 , THl-2 Division Techn ical Eva luation Report 
for Defueling Water Cleanup Systcc 

24. TER-15737-2-G03-114 , TI! I-2 I H v i s i on Technical Eva luation Report 
for Defueling Canisters 
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1 . 3  Detailed System Description 

1 . 3 .1 Description 

The fuel transfer canal/spent fuel pool cleanup system is 
a liquid processing system which can process water from 
the spent fuel pool and/or the fuel transfer canal. For 
the corresponding P&ID' s  ace references 4 ,  5, and 6. Some 
valves identif ied herein have been givep an instrumenta
tion designator as well as a valve number. When this 
occurs, the instrument designator i s  shown i n  parentheses 
after the valve number . 

The Spent Fuel Pool (SFP) and the deep end of the Fuel 
Tracsfer Canal (FTC) will be filled with water to a level 
of 327 ' -3" + 8 .  A dam with . top elevation 328'-2" 
separates the shallow and deep ends o f  the FTC. 

Two vertical suboersible well ;umps , P-3A/B , are located 
in the FTC. Each is capable of pumping a net 200 gpo. A 
20 gpc continuous recycle protects the pump motor. P-3A/B 
take suction from trough-type skimmer U-7 via a 6 tnch 
flexible hose. A secondary, 4 inch , subsurface inlet 
below the skimmer will prevent pump starvation due to 
ski�er congestion. 

Puops P-3A/9 discharge to the FTC/SFP filter canisters via 
Reactor Building penetration R-524. The internals of 
check valve SF-Vl90 are removed to cake use of existing 
piping connected to R-524. 

Two vertical submersible well pumps , P-4A/B , !.lentical to 
P-3 A/B in the FTC, are located in the SFP. P-4A/B take 
suction from trough-type skimmer, U-8 , similar to U-7. 

The systec has four particulate filters, each capable of 
filtering a flow of 100 gpo. The filters are conta ined in 
modified fuel canisters submersed in the SfP to provide 
the appropriate radiation shielding. These f i lters are 
capable of removing debris ,  mainly fuel fines (U02 } and 
core debris (Zr02 ) •  do-� to a 0 . 5  micron rating. Since 
the canisters contain fuel fine s ,  they are designed to 
prevent a criticality condition from existing when they 
have bee� loaded . 

The four pumps and four filters are normally manifolded so 
one pump from each source discharges to one pair of 
filters . Therefore , the filtration portion of the system 
is divided into two trains. Train A contains pumps P-)A 
and P-4A and filter canisters F-9 and f-10. Train » 
contains pumps P-38 and P-48 and filter canisters f-11 and 
F-12 . In the normal mode the system filters 400 gpm from 
the FTC and returns the filtrate to the SFP. The system 
can be mani folded to filte� 200 gpo from the FTC and 
200 gpm from the SFP or 400 gpo from either source. This 

Pag� 8 
Rev. � 
0282Y 



2-H72-DWC02 

pw::1p arrangeoent provides both !lex1b111ty in operations 
and the redundancy to permit continued operation during 
puop maintenance. 

The system may also be configured to bypass a set o f  
filter canisters and t o  route water directly t o  the post 
filter and ion exchanger. This may be done by 
disconnecting the inlet and outlet hoses to one canister, 
from the oanifold, inserting a hose bypass piece between 
the inlet and outlet flanges on the manifold !or that 
canister positlvn,  and closing the isolation valves !or 
the other canister in that train. 

A f i l te r  canister .ls used until the differential pressure 
reaches a set point (See section 2 . 2 ) .  At this point the 
system is shutdown and then, after a waiting period of 
approxioa tely 5 minutes, it is restarted. TI1e 
di fferential 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 d i f ferential 
pressure at restart reaches a value ncar the shutdown 
setpoint . ��en this occurs within one hour of restart , 
the train i s  shutdown and the f i lters are replaced . 

Loaded canisters are expectrd to generate s:all quant i t i es 
o f  oxygen and hydrogen gas due to radiolysis o f  water. 
Pressure relief valves R-8, R-9 , R-10 and R-11 are 
provided on the filter canister outlet lines upstreac of 
their isolation valves .  Their purpose i s  t o  rrevent 
overpressuring the filter canisters when isolated due to 
the small quantities of 112 and 02 produced 
(approx1oately 0.029 ft 3/day ) .  

Filter canisters are not reusable. Tile f i lter canisters 
are connected to inlet and outlet manifolds via 2-1/2 inch 
flexible hoses with cam and groove couplings. 

Once the water has been f iltered, a l l ,  or a portion of the 
!low can be returned to its source (either the SFP or the 
FTC ) .  The amount of water puoped !roc i t s  source is 
controlled by canually adju�ting globe valves V097 A/8. 
The return pa:h to the FTC uses Reactor Building 
penetration R-539. At each source the return path spl its 
Into two 2-inch returns to provide back pressure to valves 
V097 A/8. One two inch return is usl'd !or 200 1\Jl:l 
operation ; both are used for 400 gpm operation . 

A portion of the !low not returned dir�ctly to source can 
be further processed through either the DI.'C ion c xchanget 
K-2 or the sub=ergrd demlnera l i zer system (SDS ) .  Routing 
to the SDS is provided as n backup to K-2 and to augment 
totnl processing cap�bility during t imes or h i �1 cesium 
concentration in e i ther source. TI1e OI.'C lon e xch:mge r K-2 
can process 30 gpc. Th� !on !!XChnnge oedla ir. a bed or 
zeolite renin which w i l l rcoove Cs-1 37. The resin Is 
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contained i n  a 4 x 4 liner, similar to those used in 
EPICOR I I .  K-2 influent 111 regulated b y  flow control 
valve V085 (FV-15) while K-2 effluent is regulated by 
level control valve V070 (LV-4 6 ) .  If either high o r  low 
levels occur in K-2, LSH-40 or LSL-40 will trip both 
isolation valve V069, halting influent, and solenoid valve 
Vl56, shutting off sir supply to owe forwarding pucp P-7, 
thus halting effluent . 

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

The SOS can process 15 gpm. The owe .• ooster Pump , P-5, is 
provided to increase the pressure to 140 psig to overcome 
the high SDS differential pressure. P-5 suction pressure 
will vary inversely with pressure differential across the 
filter canisters. When the filter canisters are clean or 
bypassed , P-5 will experience caximum suction pressure. 
Since P-5 outlet pressure is controlled , pump floWTate 
varies. Pressure regulator Vl22 ( PCV-26) controls SDS 
inlet pressure at 140 psig, bypassing excess flow past 
SOS. PS\' R-1 i s  provided do,.-nstreac of the OWe Booster 
Pump to prevent overpressuring the SDS due to Vl22 
( PCV-26) failure. Froc the SOS, 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 
bntch processing through EPICOR I I .  

Sample points are provided upstream and downstreac o! each 
filter train. These samples are routed to sample box 1 ,  a 
glove box located in the FHB. The glove box has a self 
contained blower and HEPA filter which discharge to the 
FHB ventilation system. Saople points are al;o provided 
upstreac and downstream of ion exchanger K-2. These 
samples are routed to sample box 2 ,  a laboratory hood 
lc�dted in the FKb. The hood is connected to cocbination 
blower/prefilter, HEPA filter package S-2 and discharges 
to the FHB atmosphere . The S-2 inlet dampers should be 
adjusted to maintain a 100 to 140 feet/cinute face 
velocity at the sample box 2 hood . 

System Co�ponents 

F-7/8 Filter CAnister Post Filter an� OWCS Post Filter 

Type : Disposable Cartridge 
Hode l :  Filterite No. 921273 Type 
18�l503C-304-2-FADB-el50 
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Rating: 0.45 micron nominal removal rating 
flov: 20 to 30 gpm 

f-9, F-10 , F-11, f-12 fuel Transfer Canal/Spen t  Fuel Pool 
filters 

Type : Pleated sintered metal media 
Model: Pal l  Trinity special product contained i n  a 
criti cd l i t y  safe canister 
Rating: 0 . 5  c1croo Nominal Removal Rating 
flow: 100 gpo 

K-2 lon Exchanger 

Type: Zeol i te resin contained in a 4 '  x 4 '  lllC 
Hodel :  Nuclear Packaging 50 ft 3, Enviralloy , 

Deoineralizer/HlC 
flow: 30 gpo 

P-3 A/B fuel Transfer Canal Pu�ps 
Type: Vertical, 2 stage , submersible p�p; Goulds 
model VIS , size 9AHC, 5 . 56 in impeller 
Metalurgy: Stainless steel bow l ,  br�oze iopeller, 
416SS shaft 
Motor: Frankl l n  Elec tric 25 liP, 3550 rpc , 460\' , 3 ph;tse 
Rating: 220 gp� at 264 f t  
Shutoff head : 289 ! t .  
Min Flow: 20 gp� (recircula t ion )  

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

P-5 D�C Booster Puop 
Type: Regt:n'!rat ive turbine, 2 &tllge , SlHl codel Af.ll'i 
3102 BN 112 . 4 2 . 4  
Hetalurgy: 316SS casint �ith 316SS shaft , impeller, 
and intermtls 
Motor: 5 liP, 1 750 rpc 
Rating: 15 gpm at 250 f t  
Shutoff head: 390 f t  (at  min flow) 
Min Flow: 5 gpo 
Seals: Mechanica l ,  John Cran� type 1 with tungsten 
carbide seal face� 

P-7 Forwarding Pucp 

Type: Air driven double diaphragm pucp 
Hodel :  B.A.  Bromley !Ieavy !'ictal Pu:cp �lode! So. H25 
Material: Stainless Steel with Viton diaphrag�!o 
Rating: 60 !eet TOll ol l 60 gp� 
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PCV-26 Pressure regulator, SDS bvpass 
Capac! ty: 25 gpm 
Model :  Fischer Controls No. 98H 

PSV R-1 Rellef Valve 
Mode l :  Anderson Greenwood No. 81PS88-8 
Capaci t y :  30 gpm 
Orifice: Size E, 0 . 196 i n2 
Set Pressure : 150 psig 

PSV R-8, R-9 , R-10, R-11 Relief Valves 
Hodel: Anderson Greenwood No. 8JMS46-4L 
Orifice: Area: 0 . 049 in2 
Set Pressure: 130 psig 

Sample Sox 1 
Type: Clove box 
Mfgr: L..bconco 
Model: So. 50002, Radlol sotop•· Glove Sox 
��terial: Fiberglass-reinforced polyest�r 
built-in Blower: 115 volt , 1 / 1 5  HP, variable speed 
Filters: Pref ilter, HEPA filter 
Oimensions: 50" x 30" x 37" 

Sample Box 2 
Type: Laboratory Hood 
Mfgr: Labconco 
Mod�l:  No.  47810,  Radioisotope-47 Laboratorv Hood 
Material: 316SS 
Dimensions: 47" x 29" x 59" 
Reco�ended Face Veloc i t y :  100-140 f t /min 

S-2 Sample Box 2 Filtrat ion Module 
Hfgr: General Dynamic s ,  Reactor Plant Services 
Hodel: PFB(H)-1000 
Filters: Prefilter and HEPA Filter 
Slower:  230 VAC, 5 HP, 20 ��P ,  3450 rpm 
Rated Capaci t y :  1000 CFM 

For further inforaation on valves and 1nstruceLtatioo, refer to the 
Valve List {Ref . 15) and the Instruoent Index (Ref. 14 ) .  Fo� a 
l i s t ing of all equipment see the Mechanical Equipment List (Re f .  
1 6 ) .  fo� piping informat ion see the Standard for Piping Line 
Spetificat ions ( Re f .  17 ) .  

1 . 4  System Performance Characteristics 

The system i s  designed to function in any of the codes of operation 
shown in Table 1 below. 
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Table 1 

Transfer Canal/Spent Fuel Pool Cleanup Systeo Operational �onfigurations 

Filter Flov ( G�) SDS Flov ' G�) K-2 Flow (G�) 

Froo FTC Froo SFP FroCI FTC Froo SFP Froo FTC Froc SFP 
400 [200) 0 0 0 0 0 
400 ( 200) 0 15 () 0 0 
400 ( 200) 0 0 0 30 0 
400 ( 200) 0 15 0 30 0 

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

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

0 
0 
0 
0 
0 
0 

0 15 0 0 
0 0 15 0 0 
0 0 0 30 0 
0 r. 0 0 30 
0 .1.5 0 30 0 
0 0 15 0 30 

(nucbers in brackets indicate l pu:::p operation) 

The operational Clode is dftermined based upon which source needs t o  
b e  processed. Normall y ,  3 0  gpm from the FTC will b e  processed 
through the ion exchanger and returned to the SFP (no f i ltration) . 
During periods o! high Cs-137 loading, an additional 15 gp= could be 
processed through the SOS, which would reduce the recovery time o! 
the source. I! the visibility in either source becomes too poor !or 
de!ueling operations or exceeds an NTU valve o! 5, processing should 
be discontinued until visibility is restored and the NTU valve is 
below 5. This would be done by filtering from the proper source , 
through the train without the bypass hose piece. 

1 . 5  SysteCI Arrangecent 

References 7 and 8 present the positioning of equipcent .  Well pucps 
P-3 A/B, are suboersed in 10 inch diaceter wells in the north end of 
the fuel transfer canal in the Reactor Building. The wells are 
connected by a 6� flexible hose to skim=er U-7 located at the daCI 
separating the deep and shallow ends of the fuel transfer canal . 
Well pucps P-4A/B are submersed in the northeast end of spent fuel 
pool �A� in t;e Fuel Handling Building. These wells are connected 
�y a 6" flexible hose to skimmer U-8 located at the south end o! the 
SFP. 
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The diacharge of pumps P-JA/8 
·
and P-4A/8 is routed to the f il te r  

canisters inlet manifold near the northeast end o f  the SfP. The 
f i l t e r  isolation valves, vent valves, and annual control valves 
V090A/B ( HV-64A/B )  are also located there. The filter outlet 
adnifold i s  adjacent to the inlet man i f o l d .  

F i l t e r  canisters F - 9 ,  F-10, F-1 1 ,  and f-12 a r e  subaersed in t h e  S F P  
i n  the north end o f  the dense pack fuel rack. They a r e  connected to 
the inlet and outlet aanlfolds by 2-1/2 inch steel guarded , 
!lexibl e ,  coded hoses equipped with calli and groove couplings. The 
coupling at the fuel canister is cod i f ied for long handled tool 
operation. 

Froa the f il t e r  outlet manifold the water 1s routed either direct l y  
back to source or t o  the OWC ion exchanger K-2 or SOS f o r  further 
processing. The owe ion exchangers are located behind appropriate 
shielding in the northwest end of the Fuel lland llng Building. The 
forwarding pump P-7 is located near �-2. 

Saaple box 1 is located at the southeast end of the spent fuel pool 
A and sample box 2 is on the owes plat form near the O�C ion 
exchanger s .  

The systec uses the followJng existing penetrations which have been 
codi f ied for their tecporary function. Araored hose is used 
downstream of penetration R-5)CJ to the FTC. 

Penetration No. 
Mod if led 
Function 

R-524 

R-539 

Spent �uel 
Cooling 

Decay Heat Closed 
Cooling Wa t e r  

l>l scharge from 
�·ue l  Trans fer 
Canal Pucps 

Return to Fuel 
Transfer Canal 

1 . 6  Instrumentation and Control 

1 . 6 . 1  Controls 

The cocpqnen t s  of thls systec o r �  located In acc�sslble areas 
of the Fuel Handling Building and the Reactor Building. With 
the exception of thf' DWC l oll exchangl'r loop, valve al ignment 
and adjustaent is perforced manua l l y  to achieve the proper 
f lows to and !roc the various sources. 

TI1e flow to owe ion exchanger K-2 is regulated automa tica l l y  
b y  flow control valve VOH5 (fV-1 5� . K-2 e f f luent I s  
regu lated autolllll t lcally by level control valve V070 ( LV-46) . 
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1 .  6 .  2 Power 

The pucp motors are supplied with �BOV po�er through a motor 
control center which is energized by an existing unit 
substation located in the Auxiliary Building. A stepdown 
transformer will provide 120 VAC for valve operation and the 
control pane l .  

1 . 6 . 3  Monitoring 

Monitoring equipment i s  provided to evaluate the perforcance 
of the system and to aid in proper operation of the system. 

Pl-25 monitors the Booster Pump discharge pressure to verify 
the correct operation of both the pucp and the bypass 
pressure regulator, Vl22 ( PCV-26) 

Fl-15 and FQI-15 monitor the flowrate and total flow of 
f iltered water routed to D�C ion exchanger K-2 

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

FI-23A and FQ1-23.A monitor the flowrate and total flow of 
f i l tered water returned directly t o  the FTC 

F1-23B and FQI-23B monitor the flowrate and total flo� of 
filtered water returned directly to the SFP 

FI-60 & FQ!-60 monitor flowrate and total flow t o  the SDS to 
measure system perforcance and to record water processed 

DP1-22A/B monitor the d ifferential pressure across the 
filter canisters to detercine degree of loading and therefore 
time of replacement 

Ll-46 monitors t�e liqui1 level in D�C ion exchanger K-2 

FCC-Ll-102 and SF-L!-102 monitor the water level in the Fuel 
Transfer Canal and Spent Fuel Pool. They are panel mounted 
in the control room. The level in1ication systeo is a 
bubbler type system. A high or low level in the FTC will 
alarm FCC-LAIU.-102 and a high or low level in the SFP will 
alarm SF-LAHL-102 at the panel in the control rooo. 
Additionally, there is a joint FTC/SFP high-low level alarm 
(FCC-LAHL-103) that i s  locally mounted and alarms on a high 
or low level in the FTC or SFP. 

Pl-81 and Pl-82 monitor the pressure in the two inslruoent 
air manifolds in the Fuel Handling Building. 
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The process fluid condi tions can be sampled to determine the 
effect iveness of the system. The capabil i ty to obtsin grab 
samples of process fluid has been provided at the inlet and 
outlet piping of the fuel Transfer Canal/Spent fuel Pool 
Filter Trains A and B .  Crab sampl�s may also be taken o n  the 
inlet/outlet lines to the DWC ion exchangers as well as 
several point& !n the SDS. 

I n  line flow indicators are provided i n  the return lines from 
the Sample Boxes to Spent fuel Pool A . .  Their purpose is to 
confirm that flow exists through the sample box piping,  and 
therefore, provide a means of assuring that a representative 
saople has been taken by showing that there has been flow 
long enough to flush out tl1e stagnant water. 

1 . 6 . 4  Trips 

Low or high liquid levels in DI.'C ion exchanger .--2 'Will 
ten:inate flow to and from K-2 . Both LSL-40 11nd LSH-40 trip 
closed the inlet isolation valve V0f9 and P-7 a i r  supply 
isolation valve \'156 . 

A locally mounted switch is provided at K-2 to override the 
level trips to f i l l  and drain the ion exchanger. A signal 
alar::� at the Dl;C control panel 'Will notify the operator that 
the override is engage d .  

1 . 7  Svste� Interfaces 

Those systems interfacing with the DWC are as follows: 

d )  Standby Reactor Pressure Control Systeo (existing} 
Use: Provide a source of borated water for backflushin& 
Tie-in: A single connection from SPC-T-4 downstream of SPC-Vl 
to the inlet manifold piping for the fuel Transf�r Canal/Spent 
fuel Fool f i lters,  Trains A an• 8 

b )  Submerged Deminera lizer Systec ( e x i sting) 
Use: Provide a system for soluble fission product processing. 
Tie-in: To downstream of pump WC-P-1 of SDS ! roo downstream o! 
fuel Transfer Canal /Spent fuel Pool filters . fruc downstream 
of the SDS polishing filter to downst ream of the DI.'CS manual 
control val'les V097A/8. 

c )  Inst rument Air System {exist ing) 
Use: Provide source of instrument air to equipment .  
Tie-in: At e x isting valves AH-V220 and IA-Vl 7I 

d )  Service A i r  System (exist ing} 
Use : Provide a source of service a i r  to the fotvarding purtp 
P-7. 
T1�-in:  Service Station 87 plus another stat ion if need�d 
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e) Dewatering System 
Uae: Allow periodic use of DWC ion eschnnger K-2 for the 
Dewatering System. 
Tie-in: Upstreac of f i lter canister post fi lter F-8. 

f)  . Canister Loading & Decontamination System (new} 
Use: Provide borated water for curface decontao1nat1on of 
canisters. 
Tie-in: At Valves DWC-VJ21 , V322, & VJ23. 

1 . 8  QUALITY ASS��CE 

The defueling water cleanup system i s  classified according to the 
safety functions of i t s  parts. There are three classificat ions i n  
this system: 

a .  Portions o f  the system associated with ion eschange processing 
are conside�ed to be a radioactive waste processing system; 
therefor�, these po�tions of the sy�tem shall be sobjcct to the 
quality assurance guidelines contained in NkC Regulatory Guide 
1 . 14 3 .  

b .  Th� f i lter canisters are classified a s  nuclear safety relateJ 
and are designed to prevent a condit ion that could result in a 
return to nuclear c r i t icality of the fuel retained in the 
f i l ters.  

c .  The rel!laining portions of the systec are subjecl to the BSAPC 
non-sa 'ety-related qua l i ty assurance prograo. 

The txl-2 Recovery QA Plan will  be applicable for w�rk performed on 
s i t e .  

2 . 0  System L1mi �6. 10n�, Setpoints, and Precaut l��� 

2 . 1  L1m1tat1�� 

The li. '!teo i s  flow liolted to 200 gpo through each f l lter t n 1n ,  1� 
gpm through SDS and 30 gpo through the D�C !on eschanger K-2. 

TI1e main f i lter canisters are liol ted to �� psid as read on 
DP1-22A/B. This allows a 4� psi d i f ferent ial across t!1c f i l ter 
media , with 10 psi o f  drop due to friction Jesse� i n  the p i ping and 
hoses at design flow. 

At this point an alaro on a local panel will inform the operator of 
the need t o  stop and restart the system or to reoove and replace the 
f ilter. 

TI1e fi lter canister post fi lter ( F- 8 }  ! s  limited to 18 psid. The I � 
ion eschanger post f i l ter ( f-7} t s  l imited to 4� psid. Filters arc 
considered full and rP.;�riy for chnngc out whC'n d ther the maxlouo 
pressurl! d 1 ffcrent1al Is rc;�ched or whf•n the perf ormance ( f low} 
drops 201 below th� design flow. 

l'ngc 1 7  
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The system should not be started and stopped frequently since the 
canister filter precoat i s . lost during a shutdown; thus it will be 
necessary t o  reestablish a precoat on starting up before processing 
through SDS or K-2 . 

2 . 2  Setpolnts 

DPSH-22A or DPSH-228 Trips alarm a t  55 psi pressure differential 
across either FTC/SFP filter train A or B .  

LSL-40 & LSH-40 Trip alara, trip closed inlet isolation valv� V069 
and trip closed P-7 air supply valve Vl56, shutting down P-7. Low 
le\'el set point i s  10 inches below top of ion exchanger. High level 
set point is 4 inches below top of ion exchanger ( i . e . , � 3M from 
noroal liquid leve l ) .  

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

PSV-R-8, R-9, R-10, & R-11 Set to relieve at 130 psig with 10! 
overpressure to protect the filter canisters from hydrogen/oxygen 
build up . 

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

Level indicators FCC-LI-102 and SF-LI-102 for Fuel Transfer Canal 
and Spent Fuel Pool •A• levels, respectively, are located on control 
panel S PC-PNL-3 on the main control panel . In add i t ion, high-low 
alarms FCC-IAHL-102 and SF-LAHL-102 a=e p�ovJded on SPC-PNL-3 for 
the FTC and SFP. High level setpoint is 3 2 7 ' -llM a�d low level set 
point i s  327 ' -l M .  

Level indic�tion switches SF-LIS-103 and FCC-LIS-103 actuate a 
co�on alarm FCC-LAHL-103 located on panel DWC-LCPl on high or low 
levels in the SFP or FTC. High level set point i s  328'-1" and low 
level set point is 326' -11" . 

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 canisters operate by a surface filtration method , and 
their �fficiency increases as a cake ls 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 f i l ter 
effluent. When the filter trllln is started up, there will be an 
initial turbidity spike caused by smaller particles passing through 
the cedia. As the cake i s  buil t ,  these particles are stopped and 
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the turbidity decreases. Once the turbidity reaches a level o f  5 I 5 
NTU or less, the ion exchange portion of the system can be started. 
Also , to prevent the breakdown of the cake, the s�·stem should not be 
started or stopped unnecessarily. 

Caution should be taken during a change of pump feeding a filter 
train. The new pump should be started and put on line before 
shutting down the existing pucp to protect the filter cake. Note 
that outside of this brief except!on no core than one pucp should 
feed one filter train. 

The portion o f  the startup procedures concerning the well pu�ps 
should b� strictly adhered in order to prevent the rapid f i l l ing of 
a� ecpty manifold. This situation could cause a harcful pressure 
wave to develop which might damage the canister filter media .  

The Reactor Building penetrations R-524 a t  elevation 293 ft-6 in and 
R-539 at elevation 320 f t  arc both below the water level o f  
3 2 7 ' -3" +B -2. �nen i n  use the connectin� piping/hose should be I 5 
periodically checked since a line break will cause water to be lost 
from the system. �nen not i n  use, the hose should be isolated by 
closing valves Vll7A/B and V-099 (see discussion in sectio� 4 . 5 ) .  

Periodically the face velocity across the sample box 2 hood should 
be c�ecked to verify it is within the range of 100 to 140 feet/min. 
l f  the face velocity is too low the S-2 inlet dampers should be 
readjusted accordingly. 

3 . 0  OPERATIONS 

3 . 1  Initial Fill 

To initially fill the SFP & FTC borated water froc the Spent fuel 
Cooling System may be pumped from the bo:ated water storage tank, 
DH-T-1 , by the spent fuel cooling pu!:lps , SF-P-lA/B. To ! ill the FTC 
the water may be routed through penetration R-524 and into the fTC 
through the 3 inch fill line do��stream of the P-3A discharge check 
valve. To fill the SFP, V087A/I! and V097B are opened and tlae 
borated water ClaY be routed through the filter canisters and throug!1 
the normal return process path to the SFP. 

The system i s  filled initially by borated water from the standby 
reactor coolant pressure system through the backflushing syste� 
providert (see section 3 . 7 ) .  The f i l ters are filled to the inlet and 
outlet manifolds. 

To initially f i l l  the DWC ion exchanger K-2, the level switch LSL-40 
must be overrided (see section 1 . 6. 4 )  until low level is a t tained. 
At this time the override switch should be returned to noncal 
operation for further filling. 
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3.2 Startup 

Prior to starting the systec, the suct ion valve alignment is 
verified for the mode of operation selected. The valves to the ion 
exchange portions of the system are also verified to be c losed. The 
pucp discharge isolation valves are closed and the cross-tie valves 
are' closed. The pump for one train is started and allowed to 
operate on minimum recirculation flow. The isolation valve for this 
pump is slowly opended. Tnen the hand control valve V090 A or B 
(HV-64 A or B) is opened lOl and any trapped air vented through 
manual vent valves located on the inlet and outlet manifolds. After 
venting, V090 (h�-64) is opened fully. Once :his has been· 
accomplished, the appropriate outlet cross-tie valve(s) (V096 A/B 
and V095) are opened. Flow is started by slowly opening the 
appropriate hand operated control valve (V097 A or B)  until the 
desired flow is obtained. Note that V097 A/B are provided for flow 
control of the systec. Once one train has been started, the other 
train, if desired, cay be brought into service · in the same manner. 

Filter performance will initially increase with tice as a cake !orcs 
on the filter surface. Therefore, the filtered water should be 
returned directly to source without further processing until this 
cake forcs , as evidenced by a decrease in turbidity. A turbidity 
be)ow 5 N!U is sufficient to route to K-2 or SDS. I 5 

The D�C !on eAchanger K-2 should always be brought to normal 
operat: ng liquid level prior to operation of this portion of the 
systec Either borated flush water or filtered water of less than 5 I 5 
NTU can be used. If the liquid level is below the low level trip, 
the level swJtch trip override must be engaged until low level is 
established (see section 3.1 ) .  Once normal level is established, 
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 flovrate. Flow is slowly started to K-2 by 
opening flow control valve V085 (FV-15) until the desired flovrate 
to K-2 is obtained. K-2 effluent is auto�atically controlled by 
level control valve V070 (LV-46). 

Processing water through the SOS requires opening �hP tsolation 
valves for that portion of the system and starting t:�e D.,.C Boo�ter 
pucp. These actions will allow 15 gpm to be processed through the 
SDS. For a detailed description of the SDS see reference 1 2 .  

The sacple box 2 filtration module inlet 1acpers should b e  adjusted 
to creatP a 140 feet per minute face velocity across sa�ple box 2 .  

3.3 Normal Operation 

Normal opcratJon o! the system is in one oi the modes shown in 
Table l of Section 1.4. Tne mode of operation is chosen based on 
vhat source is to be processed and wl1at the particulate and 
radioactivity concentrations of the sources are. 

l'ilgl' 20 
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3 . 4  Shutdown 

The steps to bring the systea to a shutdown condition are basically 
the reverse of the startup procedure. The ion exchanger flow is 
brought to zero gradually by remote operation of upstream control 
valve V085 (FV-15) .  Correspondingly, level control valve V070 
(LV�46) will gradually terminate flow fr�a K-2. After teraination 
of flow the inlet isolation valve V069 i s  closed and the P-7 a i r  
supply isolation valve is closed. lf the SDS is in use, the booster 
pump is switched off and isolation valves Vlll, Vl39, and Vl02 are 
closed. Following t h i s ,  the well pumps are switched off and the 
pump isolation valves and the cross-tie valves are closed. 

3 . 5  Draining 

The aajority of the system can be drained to the spent fuel pool . 
The filter canisters can not be drained, since they are sub�erged i n  
the SFP. The piping to/from penetrations R-524 and R-539 must be 
drained to the Auxiliary Building sump since the penetration 
elevation i s  below the spent fuel pool water lev�l. The D�C ion 
exchanger K-2 can be pumped out to either source , FTC or SFP, or to 
the reacto= coolant bleed tanks via a portion of the SDS. A s�Jtch 
i s  provided to override the low level switch for pumping out K-2 . 

3 . 6  Refilling 

The fully drained system may be ref1lled i n  the same canner that the 
system was initially filled. A partially drained syste� may be 
refilled by using ei ther the back flush system (see section 3 . 7 )  or 
the well puops (see section 3 . 2 ) .  

3 . 7  Infrequent Operations 

Flushing of the system cay be performed when the internal 
contamination level gets high or prior to internal maintenance 
work . The system is shutdown (see Section 3 . 4 }  prior to flushing. 

One flushing option i s  gravity flush from SPC-T-4 . Borated water is 
s tored i n  the charging water storage tank, SPC-T-4 , located at the 
347 f t .  eleva t i on in the Fuel Handling Building. This tank i s  
connected t o  the D�CS. If desired , the CLD booster pump ( CLD-P-1 ) 
may be used to assist in backflushing. Either filter train may be 
flushed without stopping flow through the other. 

Flushing may be accomplished by openin:; one of the inlet valves from 
the flushing system (depending on which portion of the system is to 
be flushed} and t:,en routing the flow to the fuel transfer canal or 
the spent fuel pool. After sufficient time has been allowed to 
flush the systtm, the i,let valve f rom the flushing system is 
closed, and the system is then restArted following the procedures in 
Section 3 . 2 .  
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3 . 8  Transient Operations 

The resuJ.ts of loss of pw:�ps or Biter train misalignment are ! lows 
not returning to the proper source. However, since this i s  the 
normal operational code of the system and since the sources are 
connected by the fuel transfer tubes, the results of these 
transients are negligibl P ,  Vent or drain valve misoperat1on would 
have the same effect as � lin� break (see section 4 . 5) but could be 
more readi l y  rectified. 

4 . 0  CASUALTY EVE.�TS AND RECOVERY PROCEDURES 

4 . 1  Loss of Power 

A loss of power to any portion of the system would shut that portion 
of the system down. �o adverse condi t i ons would result . 

4 . 2  Loss of Inst rw:�entation/lnstrw:�ent Atr 

Loss of instruo�ntation would hamper operations due to lo3& of 
monitoring capability but no adverse cond i t i ons would reault and the 
system could be safely shut down unti l  the problc� is resolved. 

Loss of a single instru:ent channel w i l l  result in the loss of 
indication for that channel and, !or those channels that have 
control features a flow mismatch. This fluw mismatch wlll result in 
an auto�atlc shutdo�� of the af fected portion o f  the system. 

Loss of e i ther the spent fuel pool or FTC level monitoring system 
w i l l  be noted when com?ared with the other. The readings should 
normally be the same since both water bod ies arc i n  co�unication 
via the fuel transfer tube s .  Seither system has control features. 

Loss of i nstrument alr will take the individual components to their 
fall safe position. Flow mis�atches induced by loss of a ir will 
result i n  auto�atic trips.  

On loss of inst rument air,  level control to th� ion exchanger would 
be los t .  But both the inlet isolation valve V069 and the outlet 
level control valve V070 (LV-46) would fall closed isolating the ion 
exchange r .  

4 . 3  Oeleted 

4 . 4  Fi lter �edia Rupt ure 

A failure of the filter media in the canister could potentially 
releaoe fuel fines to the ion exchange portion of the system. The 
SDS i s  equi pped witl a Gand pref i l ter which has borosili cate glass 
to control reactivity (see ref . 12) and the owe f i l ter canister post 
f ilter pr�cedes nwc 1on cxchang�r K-2. There are d i f ferential 
pressure gauges supplied on the fi lters to determine if they are 
loading. l.oading of the SDS pre f i lter or the

. 
f l lter canister post 

f i lter could indicate ruptured fi lter med i a .  
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The recovery procedure is to isolate the filter trains and find the 
ruptured filter by observing the di fferential pressure versus flow 
for each individual canister. Lower differential pressure for a 
given flow will indicate that this filter is ruptured. That 
canister or canisters and the post filter cartridge and/or SDS sand 
f i l �e r  would be replaced and the systec restarted. 

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

4 . 5  Line and Hose Break 

If a rupture occured in the system, the pumps could deliver fuel 
transfer canal and/or spent fuel pool water to the fuel l�ndling 
Building or the Reactor Building. This act ion would lower the level 
in the canal and the poo l .  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 t�o redundant level monitors provided Cor the canal/pool. The 
operator would then shut the system down. 

Process water hoses are employed in three services in this syste�; 
filter canister inlet/outle t ,  skicmers to well pumps, and downstream 
of pene tration R-539. 

If a f i l ter canister inlet/outlet hose ruptures,  that canister will 
be isolated and the hose replaced. Since these hoses are sub�erged 
in the SFP,  this results in no net water loss. 

If a hose connecting the skicoer (U-7 or U-8) to the well pumps 
break s ,  then the ability to surface skim will be ha:pered or los t , 
but pump capacity will not be deminished nor w l l l  there be a loss o f  
water. 

I f  the hose on the fTC return line downstrea� of penetration R-539 
breaks, then process water will be lost to the Reactor Building 
sump. The resulting loss in level would be detected and al�rmed by 
the canal/pool monitors. This hose is steel armored to ainicize 
accid�ntal damage. Check valves V-235A/B are provided to prevent 
siphoning the fTC i f  the hose Cor connecting line) breaks .  

furthermo�e , the norcal return path i s  t o  the SfP; thus this hose Js 
not normally used. When not in use this hose will be isolated by 
closing valves Vll7A/8 and V099 to minimize the effect of a hose 
break . 
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A break on the P-JA/B discharge line which uses penetration R-524 
would cause process water to be lost to either the Reactor Building 
or the fuel Handling Building. The water loss would be detected 
both by a decrease in the conitored flovrate returned to the fuel 
pool or fuel transfer canal and also by the drop in fuel pool and/or 
transfer canal level. ��en the fuel transfer canal pumps , P-JA/B, 
are not in use, the discharge valves V002A/B and valve SF-Vl03 
should be closed. This would prevent a syphoning of the FTC when 
the puaps are not in use. 

S . O  SYSTEM MAINTEN��CE 

The =aintenance procedures are the recommended practices and intervals as 
described by the equipment vendors . 

&.0 TESTING 

6 . 1  Hydrostatic Testing 

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

6 . 2  Leak Testing 

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

6 . 3  Inst rument Test ing 

All instruments will be calibrate ! by vendors. Complete 
electric/pneumatic loop verification will be done duri�g start·�p. 

7 . 0  HU�� FACTORS 

filter canister hoses are coded for quick identif ication of inlet versus 
outlet .  

Extensive use of hoses i s  made, espe�ially in the Reactor Building, 
allowing quick installation and use of existing radiation shielding. 
Hoses expected to be frequently disconnected are equipped with quick 
disconnect couplings for ease of removal and replace�ent. 

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

o The p�nel includes all controls an� displays required for normal 
operation. 

o Displays provide icmed late feedback that the systcc has responded 
appropri�tely to an operator ' s  action. 
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Controls and displays are laid-out for a left to right flow path. 

Kimic linea are used to clarify flow paths. 

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

Each "control device has a nameplate. 

Light bulbs are replaceable froc the front of the panel . 

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

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

Page 25 
Rev. 5 
0282Y 





r"V (-·� 
.� · f 

} 
' 

• ·� •• • �•:.c. "' �·· .... ' .,. ,1'71. 

Q • ..c;t:t"1\ •-.-11 111'\ fill t� ,,,,, tlt.H• 
h""''''" .,.;j ••�•u "'a' ,,,, .-. "-'4At1 
•• ,., �,,. �.••n a.. ... ll• '"•,.-""" 
·-

Jrrt- oCih'l\ "Jli'CIJa't t1> , .. ·'1"1• t ... t 

..- kUCt U ·� .00. t.. �·•tt ..-.,Itt 
··�..:. �-

•· P-l�lh"'U '<"� r.lilll' """ c. � t�·t• 
.... Ar• '' ·� ... ,..,, '" ..... �t" .....,,, 
··� .. ...., -� .. .  , . .. .. . ,., _ .. ...4 .... 
,,,., ... ... X't- t ell l 

' .... ... , •• ...c:: ..... ,..., ,.. et..•"'ll ... .-... ,. 
. . , . .... .. ............. ·- . .. .. .  ,, ., . .-� •• • ::.-··· ' • 1."01'1. , . ... ··�·'111'"•., .. .  """ "" ' tl '-'•' ' ' ..... . .. ... � ....._..... 
"" .. . +""-\, 1, 

-1•' ''"" ,, ..-; , . '"' ' ' ... · :... • t r -t •• 
. ....... . � , .... , , 

•l ,., • ·�· •• •• 4oj ..... , . . .. - ...... .. ..... .. ......... . e ...... . ... . .... . ���. .. ,� .. ·� 

""\ ' • .,. ,- n ••.r"' ,., ... �·· , 
.... *'l. 

...... . .  

� 
••• C>'..,_ ··-a t-: ..... ' 

, .  )7\ .��·.), ...... t• - '  
• .. .  ;""J'Jo •.:a ·�·•oc. • 
\ t h'!• t t"C CNo.._ t l" 

tt , . , _ , , , �  . ..... � - • .: ... "" f"\ ... 
""-· U t  •··•..:. t..'tt -.r • t'"'l .. � l \  
tO' • II tt t" (t •• .,..._, u�t• ,, .. , ,  
, ... , .... � ... . , . .... �\\h ..., t a.  .... 
• 1• \.•••...t ., � t- , ... , ,.. � .. ... , .l(t'"tS. 
. ,  .. .... ·- • ..._. ... ,. ,,.,, •• t'l.-o'\ • 
• , ...... � - •u'f\ -••tot.� '""" ....,..__ 
., .,. " ""'  � . 
• _, o f''l� ,t•• l'l ,. ��..,,I.,. 
t••"o t-.!:H•'f •• •;,llll(t t ,..._ •�t61U 

,. t�• _...:•• •• ��,, • •>.�� . t .t  ••'1• at•.., 
\'\""• ... ... .. ,.,> •""t••n•• ...., •� I'' 
, ... .. "' .. ..;, ... ,� .. ..  , ..... . ,. ' ,  ... ""' 

' t.  • · =  ...... • • •  •'\.n .. .... ... . .. .. . 

, .... :...•..t ... .. .. , •• ......, ,., .. ._ 
0 1  � ' •  \ t -\o.'S -..,. o"'-'l CJII' f I •t '"' 
' ..... " '  •• . \ V't • � •n' ' 
- ...... , � , 

- -
-----

· -
-- · -� � .. . . . - _... , . .. ... - ,, .... ' 

- t
' -- - �· -· .. · ...... . I.\ �. �---:-· - .. . ... - . -·· 

:� ::.-_ .  c-:;�i1r·t:�:; ;- � --__
_ ..:;.._�':.:C,��-·-.:..:'"';:_---

4 v-, t•':.'O.. Ihll 101�:,.. 
t••u •n' l\u..o �"" ' 

1\TTACitM[IIT 3 

'l'l 
AVf.HTlJflE 

r . \ H D  



. .. 
'" '' ...... . , .. 

<, P : o • I •''' o •• ' ·•:::!!: 

--=-=-!.::..:-_l�4\,. r va 

·� {;;\ (.;'o_ _.,.  
: . � 

... . - '" '/�::.1 ';/ .-
. '...:J' 

..
..
. 

:

:··

,--; 

.

:
_

. 

_ , ,. ' · ' 
. "" t,-

-- .. ..::-- �---'c. 

: ..

. 
_}J - : • "'_. ..

. :: ,. . \1'l>. 
(r': 0 • , • • 'L\. �, ·-'!. r-· ·�...;.-, - .:: o : � r; •.. 

' '' : >H (:!) m / ···�7: · 
:: " ·· r;;-.; 

• • ,. : I �--- \ Q'J ,,., I• ,
:, - • t • '•..:_� •')• 

.�.·; .'>.. • 
• ' . .. • .. . . ... .... -.;.lJ 0 • •• 

....:., 0' . . . >:< 00 - v -..........:.··- ; . i·· ·· , . , -� 
r.:- ..... -�t 't r· -:-<.J.::J-rr"-··r.' • , • - ·: 'i' ., 

•••··: '": ,,'• 
�; '>· � ','-:" ,\" .•" ' j o ,.: •l • :I � 

.. · •... � ' . ' -� -
··' .lr , . .=J· · . (-:;--. .. ... . .._A . I l l · 

..!:, - <'-= r ..::J. l 
. .. c - '" "" !...-:" • • , ., .""':' 

[ .. -::··· r· ; � �-: ,:�:··.: -�·: ;_:[!-(;, "'' �� 
I

t t  � _______ :_ " • o \ t "o\\ 
, .

• ..0 

• : n. 
I:: 

. .  . • � 

. .... r -.!.. 
(�-l,; :�. { .. 

� - · ·  .. 
. , __ ;...:.:;_ __ 

.. , .·· o · . .. 
/.- 1 '1 :  

I •' _)j 
. � ' ..... i; 

·c ... ,.., , : f� 

�··- · -&.  

.. ... 

--- -!.:' 



. . 

· .� .. � . .. 

·····: - -�, 
· ·

-
--.... -•,; fr. :': : :.; � U :  ·n. � .  � .r..J l. � · .,: ... • . .. "'!! � !. 

·
·

� y�-�t ··� �! � 

I '/,',) . .  
, . ... 

.. � r:� ) : - : V :; V ; 
''_J ••• 

I 

;-, _

..  

. 
.. ''" . '"l : 

"' " 

.. . . .. -: ·r .: ,·. -:_:r:-4 '� 
.. ..:;;-.-

,.. , 
. . 

,. . . ;} 
"''b.: 

- '· .-- � ·  , ......... I r:" 

---�--

� :---1-7.\ .- w • 
-.::; 

.: 

\_ . J • : :=�·�· 
. -:- �� � i J -... . .. . 
0 :- .. ._ ··; . • 

'
· -.,. . ' ------ l - --'._. ---: ..• J :I .• , I I tt \,/ .. • r.:'\ ''"'5 \ : ··• � " '/ •• 'l• .:.· · -·· =j .. 0 :  

-� . 
Jt ·: •• "? .. I 

I 
-.' 

· -. 

. . 
- . . . :II' <=>-. . .. 

• 1 

1 I . 
(.: < :  
·' .  - . 

, r .t·u 

I ---
... t "  ::·.'l._f !::� .;r 

l' 

ATTACHMEriT •l 

" 

.. -- - --� 
� .... , _  �· -:: ."'!-.--. :--.-:-:: 

• ···.c: :: . "' .  
• I . ..  

. ,.  ,.. .. . .. _ 

Tl 
tH� HT{ \l� ·" . ... � 

, · \ H D  ' 

\\ .,;Initio i •n I'() I 

• , ,,.,. ( 111'11 "l'r r • 



... - -

·. 

' 
1 i 0 •  � . 
' 
f t).! 
I 

t.•H• o 
r • ,-. 

I' l • 



t 

• I ,._. 
- " �  

c.·· • •. • -•. r•-!1.-
-,. , . .  L -..._ 

.. ... 
........ . . ,_ 

:·:.:·::· :D 
._IA#M"U 

1\TTI\CIIMEIIT 5 

U"> �· ••�•�..._ • .., _, ... ua 

:.-��-v..-:-.� :_:· .. ':� :�·,. .. 
' . ...� ... 

Tl 
\ l'CHTUllt 

< . " i t  n 

�n ,\\nil11hll' ( 
\ pt•rt  II rt• C'alrtl 



'I' I 
APETITUUE 

C \ HD 

AJ�=o A vnilahlc On 
Arwrlun• r:ur•l 



�--------------------------------------------------------------------------------------------------------

... 
. .. � . 

PARTIAL PLAN "A" • tl . JD8 "•0" 
0{•& TrQ J •,.t;_!.l A f l.� 

"' .. ,. �·· ' ... 

. .  

, , . ,.,, , :,..or-.. . 
,, 

... . . . ... ''""' ... . 
.... . � .... 

' .. ···--· •:- .. -: . ..... � . .. . ..... , . . . , .... .... , ' 4 ... ... . .. .. � ...... . .... .. '*•"""' c• ·�4 .._ . .... ,., .,, • -•· , .... a-1 .... 4A 9' '" •• _ .... a:!f\l. 

�r.t-._•··� --------. ..... .••• 1, • .,. ,.,.,. · �  • •  f'l' .... 
I , , I. \ "'1>. •• l• f t . :  1-t Sol. \ 1 '--.... , - ... . . , ·� '" • • n• 

l.f - p; ... • • ·� . . . . .... .... .... 
• . . .... " .... ..... ..... •t ... til"' 
"" ·- ''"""""' . t\ •• ,., , , ,. 
, ... ....... .. .  ,_lf1: ••.;. ,.,. (1•'1• 1 .. 
� , .. �\.· ... '""" l oot.  � , .. •x

., u o· 
•-. ••• • • t c..� f) •' .,,,.,.... , ,  ,, I:.A 1l'\ ··�· <of'. ••.) ... ... , ' f i t- •• , • • • , .... . " .. . . ... . ...... . . . .. ��' 

.. ., .. _, 

------· 

,· � .�- ...-� . t.-. �1 1 · � I ;  " 1 2 ·f'Ot.·(,.;Q1j 4 
:-::; ,.,,.._ . ..  t ,._. .. \ -



... � ........ .._ .. , .. - .... 

, .•. 

-------� L . ... _. -.•-



fl
l 

___ 

l 
:d!-._J;.: 1© ��) : .-:J � . 
··. · "' � � I C· �. .. • •  __J 

Uu1· 
·· - ·  � �� u==== 
_ _  .. _ _ _  , :_/ 

ATTACilMENT 7 

·�·�--
-�-----�--... r - · ·-

.... - ·-
� 

.. ... ___; 

-� 
-� ··· 

Tl 
.\PETITtffiE 

\. -\ HB 

l(• ... >c� 

Aleo ATBilllble Oo 
Apnture Cnrcl 8/.DD�/'f D (Dg _ D 

·-· 1 __ • • __ � 

I /- -- .. � ---- � I •·- ·-
••·r-, t.· . ) -1 .T -

... ' '""7 ... � � · · · · -r- r- � =-� 
i � .! t5-:::s 1 

. -.;�� I �-\\_L_ 
IH . .. .  r�- , .. .. -�·' .. .. .. . ;.:.;....... �@pi '' � .... h -I I�, '- •"• •-• 

I t  . . ... ., :..:. � ···-

� 
n 

I 
-·- .i 7 .. . f·· 

f.:N.-••"'" 

r.:&. .. ..... __ , ,. .. . . 
. ... . .. . -· 


	001581
	001582
	001583
	001584
	001585
	001586
	001587
	001588
	001589
	001590
	001591
	001592
	001593
	001594
	001595
	001596
	001597
	001598
	001599
	001600
	001601
	001602
	001603
	001604
	001605
	001606
	001607
	001608
	001609
	001610
	001611
	001612
	001613
	001614
	001615
	001616
	001617
	001618
	001619
	001620
	001621
	001622
	001623
	001624
	001625
	001626
	001627
	001628
	001629
	001630
	001631
	001632
	001633
	001634
	001635
	001636
	001637
	001638
	001639
	001640
	001641
	001642
	001643
	001644
	001645
	001646
	001647
	001648
	001649
	001650
	001651
	001652
	001653
	001654
	001655
	001656
	001657
	001658
	001659
	001660
	001661
	001662

