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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 references; revised setpoints (Section 
2.2); revised initial fill and draining to reflect addition of ion 
exchanger level switch disable, added valve numbers. 

Change Dwg. No., item 22.b p.7; added note page 7; deleted sentence 
p.8; added "V084 (FV-10)", p.8; deleted par�ntheses around Mp-6 or 
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Added relief valves R-4, R-5, R-6 & R-7 to protect filter 
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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. 
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exchanger post" in front of "filter" in last paragraph of Section 
2.1. 

Changed set point fo� filter canister post filter. Noted addition 
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1.0 DESIGN DESCUPliOS 

1.1 S�m���ary 

The reactor vessel cleanup systea is a teaporary liquid proces&ing 
system which is designed t o  process water contained in the r eactor 
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) t o  remove soluble fission products from the reRctor vessel by 
demineralization of the water. This is done t o  keep the 
equivalent Cs-137 concentration less than . 02 �ci/cl , excluding 

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

1. 2 References 

1 .  Pl anning 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 Sys teo 

6. Bechtel Dra wing 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 Reooval 
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2-H72-DWC01 

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 

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

14. 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 

17. �echanical Equipment List, 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 of 
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 -Forwarding Pucps P-6 a�d P-7 Dischar&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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2-H72-DWC01 

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 

19. ECA No. 352�-84-0041, Definition of the Defueliog Water Cleanup 
Systec. 

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

21. ECA No. 3527-84-0042, SOS Tie-in to OWCS. 

22. Bechtel Area Piping Drawings 

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

b. 2-P70-DWC03 DWCS Hose Network Reactor Bldg. Plan El. 
347'-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 Loading & 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-Il 4 ,  TMI-2 Division Technical Evaluation Report 
"for Defueling Canisters . 

25. ECA No. 3525-85-0304, DWCS RV Filtra tion 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 f rom 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 a f ter the valve numbe r . )  

The system has two submersible type pumps (deep well 
pumps), P-2A and 28, which are housed in wells and l ocated 
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 platform 
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 of filtering a flow of 100 gpm. The filters 
are co�posed of sintered metal filter media which is 
c ontained in codified fuel canisters . These filters arc 
capable of re moving debris, mainly fuel fines (U02) and 
core debris (Zr02), down to a 0. 5 micron rating. Since 
the canisters contain fuel fine s ,  they are designed to 
prevent a criticality c ondition 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 filters. Therefore, the filtration 
portion of the system is divided into two trains, each 
train c ontains 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 all ows for 
greater flexibility in system operation� an1 provides 
redundancy to allow syste= operation during maintenance. 
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A filt�r is used until the differential pressure reaches a 16 
predetercined aetpoin t .  At t his point the system is 
shutdown and then, after a waiting period (approximately 5 
min.), it is restarted. The differential pressure is 
noted and if it returns-to a low value the system will be 
run again t o  the pressure setpoint . This process is 
repeated until the differential pressure at restart 
reaches a value near the shutdown &etpoint. \.'hen this 
occurs within one hour, the train is shutdown and the 
filters are replac�d . 

Loaded canisters are expected t o  genercle sonll quantities 
of oxygen and hydrogen gas due t o  radiolysis of water. 
Pressure relief valves R-4, R-5, R-6, and R-7 are provided 
on the f ilter canister outlet lJ�es upstreao of t heir 
isolation valves. Their purpo�e is to prevent 
overpressuring the filter canisters when isolated due t o  
t he small quantities of n2 and 02 produced 
(approximately 0 . 029 f t3/da y . )  

Once the water has been filtered, all, or a portion of, 
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 of t hese lines 
will connect, via flexible hoses, t o  the separa t e  inlet 
nozzles on the work platforc. A sparger has been placed 
on each return line t o  caintain a positive pressure in the 
attached hoses . 

!rat port ion of the flow not returned to the vessel can be 
further processed to remove soluble fission products. The 
flow from the p�ps, which passes through a single line to 
the ion exchangers, is autocatically controlled by 
remotely adjusted flow control valve V084 (FV-10). There 
is a post filter, F-5, located in that line to ensure 
that, in case of a failure of a f ilter canist er, no fuel 
fines can reach the ion exchangers .  The loading on the 
post filter is expected t o  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 filter canisters in a train t o  
b e  bypassed, and allow direct routing of water t o  the post 
filter and ion exchangers. 

Two ion exchangers, K-1 and K-3, are dedicated for use in 
t his syste!D. Each of these ion exchangers can handle the 
n ormal 30 gpo flow. The ion exchange cedia is a bed of 
zeolite resin which will recove the Ca-137.  The two ion 
exchangers provide f lexibility 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 
liner which is similar t o  those in use for the EPlCOR 11 
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 7 2), which is located 
downstrea= of an air driven reciprocating diaphragm pump 
P-6 or 8. This valve automatically throttles in response 
to changing level in the ion exchanger. The maximum 
system f low rate is 30 gpm per 4.x 4 liner. The pumps 
head-flow c haracteristics can be c hanged by adjusting the 
air 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 f lexible hoses. 

Sample points are provided upstream and downstream of each 
f ilter 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 f ilter which d ischarge to the 
FHB ventlation system. Sample points are also provided 
upstream and d ownstrea� 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 c onnected to 
combination blower/prefilter, HEPA f ilter package S-2 and 
discharges to the FHB atmosphere. The S-2 inlet dampers 
should be adjusted to maintain a 100 to 140 feet/minute 
face velocity at the sample box 2 hood. 

This system provides the operator with the capability to 
periodically monitor the effec tiveness of the system. 
Also, the turbidity of the effluent from the f ilters is 
c onstantly monitored by nephelometer& and dis played at the 
local control panel. The radiation levels of the ion 
exchange influent and the boron c oncentration and pH of 
the ion exchange effluent are also constantly monitored 
and d isplayed at the local c ontrol 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 backf lushing the system. The 
system will be backf lus hed when radiation levels in the 
piping are determined to be excessive and prior to 
maintenance. 

A path to allow flow to the reactor coolant bleed tanks is 
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. This 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 Volt, 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 c ontained 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-C l50 
Rating: 0.45 micron n ominal recoval rating 
Flow: 20 to 60 gpm 

K-1/3 Ion Exchangers 

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

Decineralizer /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 dia phragms 
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-reinf orced polyester 
Built-in Blower: 115 volt, 1/15 HP, variable speed 
Filters: Inlet Prefilter, outlet HEPA filter 
Dicensions: 50� x 30H x 37" 

Sample Box 2 

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

S-2 Sacple Box 2 filtration Module 

Hfgr: General Dyna�ics Reactor Plant Servi ces 
Xodel: PfB(H)-1000 
filters: Prefi lter and HEPA filter 
Blower: 230 VAC, 5 HP, 20 k�P, 3450 rp� 
Rated Capacity: 1000 CFM 

For instrumentation, valves, piping, and equipcent 
details, see references 1 4 ,  1 5 ,  16 and 17 respectively. 

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 Configurations 

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

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

(OJ 
[OJ 

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 
operati on . )  
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The operational mode is det ermined �y the particulate and 
radioactive concentrations in the reactor vessel. If the visibilit y 
in the reactor vessel is sufficient t o  a llo� d efueling operations t o  
continue, and the NTU level is 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 t hrough the ion exchangers (30 gp� each) without using 
the filter c�nisters. The choice of one or both ion exchangers is 
based on the equivalent C-137 concentration in the reactor vessel. 

If the visibility deteriorates, such that defueling operat io�s 
cannot continue, or if the t;ru level exceeds 5 ,  processing t hrough 
the ion exchangers should be discontinued, and filtration t hrough 
the filter canisters should be initiated and continued until 
defueling operations can resuce and the NTU level is below 5 .  
Filtration would b e  done b y  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 differential 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 loca ted in the fuel storage pit of the 
Unit 2 Reactor Bldg. These p�ps are housed �n wells which are 
located in this pit. The wells are connected by pipe to the 
Westinghouse work platfor=. The pu=p discharge is routed �o the 
filter canisters via a skid counted manifold which is 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 in the fuel transfer canal. The manifold is connected t o  
the inlet and outlet o f  the filters via coded, armoured hose. rne 
inlet and outlet connections are coded to prevent cis-connection of 
the hoses. The outlets from the filters return to the canifold fro= 
where the wa ter is routed back t o  the vessel or t o  the ion exchange 
systec for further processing. 

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

The ayste� u ses t he following existing penetrations which have been 
modified for t he ir 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 t o  D\<C 

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

1.6 Instrumentat ion and Control 

1 .6 . 1  Controls 

The cajority of syst em control is hsndled remote ly fro� a 
control panel which is located in the Fuel Handling 
Building. This is due to t he 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 a nd V015B (HV30A&B). The flow t o  
the ion exchanbers is controlled automat ically by 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 exchangers 
is controlled automatically by control valves V029 and 
V266 (LV 45 and 72). Each valve responds to a changing 
level in its 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 air 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 to 
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 Js provided to evaluate the 
performance of the system and to aid in proper operation 
of the system. 

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

In order to determine the degree of filter loading, the 
primary f ilter canisters and the s econdary post f ilters 
are equipped with remote indication of differential 
pressure across the f ilters (DPI-5A, 58 & 33). The 1� 
differential pressure across the canisters will be used to 
determine when the f il ters are l oaded to capacity. 

Flow in the f ilter 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 
constant. Also, the flow to each ion exchanger is 
integrated by a l ocal d evice (FQ176 & 77) to determine the 
l oading 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) is 
also provided. This will alert the operator to the need 
of process ing 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 
f l ow. 

The hieh and low level trip conditions in the ion 
exchangers alarc to the l ocal control panel l ocated 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 l ine flow indicators are provided in the return l ine 
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 Interl ocks 

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 d o  not operate under potential 
cavitation conditions. Also, a low level in an ion 
exchanger will trip its forwarding pump and terminate flow 
from that ion e xchanger. 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 f orwarding pump. These trips are taken from � 
conductivity level r:obe in the ion exchangers. A low 
level in the IIF will trip pumps P-2A and P-28. 

Locally mounted toggle switches are provided near the ion 
exchanger to disable the level switches to allow for 
f illing and draining of the ion exchangers. An alarm at 
the l ocal 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 t hem from being started during 
a low level condition. Additionally, either a high or a 
low level in t he ion exchangers prevents t he valve 
upstream of t he ion exchangers from being opened and 
pre\•ents t he restart of the afr driven forvarding pucps. 
This vill ens ure t hat the e xchangers are not overfilled 
and also that any flow mismatch condition is proprr1y 
evaluated by t he operator prior to restart of the system. 

For trip setpoints ,  �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 f ilters . 

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

d )  Instrument Air System {existing) 
Use: Provide source of instrument air to eq uipment 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 air to the forvarding Puops 
P-6 and P-8. 
Tie-in: Service Station 87 plus another station if needed 

f) FHB Ventilation 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-V321, V322 ,  & V323 
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1. 8 QUALITY ASS��CE 

The defueling water cleanup system is classif ied according to the 
safety functions of its 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 classif ied as nuclear safety related 
a nd 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 to the BSAPC 
non-safety-related quality assurance program. 

The �l-2 Recovery QA Plan will be applicabl� for work perf ormed on 
site. 

2.0 SYST� LI�ITATlOSS, SETPOISTS �;o PRECAuTlOSS 

2. 1 Limitations 

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 differential across the filter 
media , with 10 psi of drop due to friction losses in the piping and 
hoses at design flow. 

At this point, an alarm on 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) is licited to 18 psid. The 
ion exchanger post filter (f-6) is limited to 4S psld . 

The ion exchanger post filter is considered full and ready f or 
change out when either the maxicuc pressure differential is reached 
or when t! e perf ormance (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 filter 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 at + 3" fro= the 
normal operating level. (Note: Low level is 10" from top of IX, 
High level is 4 "  from top of IX.) 

LIS 2A/B trips alarm LAL-2A when a decreasing level of 320'-6 1/2" 
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 couplings, extra care should 
be taken to ensure that the couplings are properly connected and 
that they are connected in the proper locations. This precaution 
will help prevent a loss of 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 manifold. 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 efficiency 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 filter 
effluent. ��en the filter train is started up, there will be an 
initial turbidity spike caused by smallet particles passing through 
the media. As the cake is 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 to 
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 level. The suction piping from the Ilf to 
well pucps 2A/B should be filled 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 its original position. As a reminder to the 
operator, an alarm is activated at 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 vessel. The well pumps 
P-2A/8 are isolated by the recote manual isolation 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 autocatic vent valves. Once the isolation valve is fully 
opened, the return valve V015 A/B (HV30A/B) is opened approximately 
85%. Durin& initial startup, the globe valve V016 AlB Is opened 
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slowly until 200 gpo through the train is obtained. following 
initial startup, valves V016A/B will remain in these positions, 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 is brought to the desired flow by f ollowing the 
same procedur e .  

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 to 
operation of this portion of the system. 

If the ion exchanger is at low level, it should be f illed with 
borated water from the back flush system (see Section 3. 7). At this 
time , the inlet isolation valve V025 or V260 is opened. The air 
pressure to the ion exchanger forwarding pump is manually adjusted 
to the pressure required to maintain the f low rate chosen. The air 
s upply s olenoid 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 clos e .  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 f low of water will be returned to the 
source a utomatically 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 concentrat ions 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 f iltration trains to the 
ion exchanger is then closed, and the solenoid valve !or the air 
supply to the f orwarding pump is close d. The filtration trains are 
shut down one at a time by closing the flow return control valve and 
then shut ting down tile pucps and closing the pu:np isolation valves. 
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3 . 5  Draining 

There is a low point drain which can drain both filtration 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 f ully drained system can be ref illed in the same manner that the 
system was initially f illed. A partially drained system can b e  
refilled by using either the back flush system (see section 3 . 7) or 
the well pumps (see section 3 . 2) .  

3 . 7  Infrequent Operations 

Flushing of the system may be performed when the 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 allows a gravity flush from SPC-T-4 . Borated 
water is stored in the charging water storage ta nk, SPC-T-�, located 
at the 3�7 ft. 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 a ssist in backflushing. Either f ilt�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 o n  which portion of the system is t 
be flushec) and then opening the drain valve to the fuel transfer 
canal. After sufficient time has been allowed to flush the system, 
the drain valve is closed and then the inlet valve is closed. The 
system is then restarted following the procedures in Section 3. 2. 

Systec inventory can be decreased as needed by diverting the return 
flow !roc the ion exchangers through the lines provided to the 
Reactor Coolant Bleed Tanks. 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 lost, the source outfluv will exceed the inflow by a maxicum of 
60 gpo. This situation can be detected by flow instrumentation in 
the return l ine and by a decreasing level in the reactor vessel. 
This is 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 in 
its safe mode. An air operate� valve, for exaople, would fall to a 
position that ensures no damage to other components. 

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

Loss of 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 
will 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 lost; 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 

Page 22 
Rev. 6 
oo5n' 



2-M72-DWC01 

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& i n  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 differential 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, downst ream of the reactor 
vessel pucps , P-2A & 28 , the systec is equipped to trip these pumps 
on the IIF 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 c ouplings 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 s tart-up. 

7.0 HUMAN FACTORS 

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

Extensive use ox hoses is oade, especi ally in the Reactor Building, 
allowing quick installation and use ot existing radiation shielding . 
Hoses which are expected to be frequently disconnected are "equipped wlth 
quick disconnect c ouplings 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 c ontrols and dis�lays required for norcal 
operation . 

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

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

o Himic lines are used to c larify flow paths. 

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

o Each c ontrol 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 r ight side of the p3nel avay from the 
flov path. 

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