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NRC STAFF EVALUATION OF THE DEFUELING

WATER CLEANUP SYSTEM

DESCRIPTION OF SYSTEM

The defueling water cleanup system (DWCS) consists of the necessary pumps, ,

piping, filters, ion exchangers, and controls to process water from the
reactor vessel (RV), the fuel transfer canal (FTC), and the ' A' spent fuel
pool (SFP) for removal of suspended solids and dissolved fission products.
The system is designed to remove sus' pended solids larger than a nominal size
of 0.5 microns, and remove soluble fission products to keep the equivalent
Cesium-137 concentration less than 0.02 microcuries per milliliter. This is
done to maintain water clarity at 1.0 nephelometric turbidity unit (NTU) or
less, and to keep the general area radiation dose rate from the water to less
than 20 millirem / hour on the defueling platform. The total system is divided
into two major subsystems. One subsystem is designed to process water from
the FTC and the 'A' SFP. The other subsystem is designed to process water
from the RV. The design bases of the two subsystems, their principle of
operation, and the hardware associated with them are similar. They share some
common instrument and control panels but have only limited cross-connect
potential. Each subsystem is described below.

The FTC/SFP cleanup portion of the system includes two vert * cal submersible
well pumps (P-3A and P-3B) located in the FTC, and two identical pumps (P-4A
and P-4B) located in the SFP. Each pump has a net capacity of 200 gpm. The
pumps take a suction through surface skimmers in the FTC and the SFP, and
discharge to a set of four filters (F-9, F-10, F-11, and F-12) located in the
fuel storage racks in the 'A' SFP. The filters are contained in a canister
which is described in detail .in the Fuel Canister Technical Evaluation Report.
The FTC pumps, P-3A/38, discharge to a comon header that communicates from
the reactor building to the fuel handling building through existing*

i penetration R-524. After leaving the reactor building, the header splits into |
two branches with one SFP pun (P-4A/4B) discharging to each branch and each
branch supplying two filters. The effluent from the filters can be returned
to either source. This arrangement allows flexibility of operation since with
a total filtration capacity of 400 gpm the system can process up to 400 gpm
from either source or up to 200 gpm from both sources simultaneously. The
normal mode of operation will be to process 200 gpm from each source with the
total 400 gpm being returned to the SFP and a 200 gpm flow rate through the
open fuel transfer tubes from the SFP to the FTC.. A portion of the filtrate I

can, if needed, be taken off through a side stream for further processing |
,

rather than being directly returned to the source. Op to 30 gpm can be routed
to ion exchanger K-2 for removal of cesium activity. Ion exchanger K-2 is a 4
x 4 liner similar to those used in the EPICOR II system and is filled with a
bed of zeolite ion exchange media. It is located on the 347' elevation of the
fuel handling building inside a concrete shield vessel. The processing
capability of K-2 is augmented by the ability to route up to 15 gpm via a
tecste- pump (DW r-E) tc the sunterpet deninerali: er rytter (505). The

ef fluer.t f ron E-2 er 3DI can be returned to either the SFr o- the FTC. The
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processing capability is further augmented by the capability to route the
return from K-2 to the reactor coolant bleed tanks as a means of SFP/FTC
inventory reduction and further batch processing through EPICOR II.

The reactor vessel cleanup portion of the system includes two vertical
submersible well pumps, P-2A and P-2B, housed in wells in the fuel storage pit
in the shallow end of the FTC. The pumps take suction on the wells which are
connected by flexible hose to the RV via connections on the defueling work
platform. They discharge a net 200 gpm each to a set of four filter canisters
(F-1, F-2, F-3, and F-4) located in the fuel canister storage racks in the
deep end of the FTC. The filters are identical to those used in the SFP/FTC
cleanup portion of the system. The pumps and filters are arranged such that
the system is divided into two trains with one pump and two filters in each
train, and each train capable of processing up to 200 gpm. All or a portion
of the filter effluent can be returned to the reactor vessel. The portion not
returned directly to the RV can be routed to the fuel handling building to ion
exchangers K-1 and K-3 for removal of Cesium-137. Each ion exchanger caa
process up to 30 gpm and they are identical to K-2 used in the FTC/SFP portion
of the system. The effluent from K-1 and K-3 is returned directly to the RV,
or a portion can be let down to the reactor coolant bleed tanks for RCS
inventory reduction or for batch processing through EPICOR II.

Both subsystems are provided with cartridge type particulate filters in the
process lines to the ion exchangers. These filters prevent the carryover of
fuel fines to the ion exchangers in the event of filter media breakthrough in
the main filter canisters. The effluent from the ion exchangers must pass
through additional particulate filters to prevent carryover of ion zhanger
resin fines back to the RV, FTC, or SFP. The total system interface; with the
standby reactor pressure control system (SPC) by connecting the SPC charging
water storage tank as a source of borated water for initial system fill and
periodic flushing. The system also interfaces with a new sampling system
consisting of two sample boxes in the fuel handling building capable of
drawing liquid samples from various points in the system to monitor overall
system performance. In addition, the system receives water discharged from
filled fuel storage canisters dewatered in the proposed canister dewatering
station that will be installed in the 'A' SFP.

GENERAL DESIGN CONSIDERATION

NRC staff review of the licensee's TER determined that the design filtration
capability of the system is acceptable. The design basis of maintaining water
turbidity at 1.0 NTU or less will assure adequate clarity for underwater
operations necessary for defueling and handling of fuel storage canisters in
the FTC and SFP. The design ion exchange capability to maintain fission
product activity below 0.02 microcuries per milliliter will assure that the
worker dose rate contribution from the water is within the values used in the
design and safety evaluation for the equipment and procedures used for
defueling activities. It is recognized that activity and turbidity levels may
periodically exceed these values as a result of core perturbations during
defueling. The administrative limits imposed to cope with these situations
will be evaluated during NRC staff review of the licensee's procedures. ,
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The engineering codes and standards to which the system is designed and tested
have been reviewed in accordance with applicable portions of NRC Standard
ReviewPlan(NUREG-0800)11.2 and determined to be acceptable by the staff.
Portions of the system associated with ion exchange processing have been
designed to the applicable requirements of NRC Regulatory Guide 1.143. All
piping will be subject to the testing requirements of ANSI B31.1. System
tie-ins to existing plant nuclear piping will be subject to the testing
requirements of ANSI B31.7. .

Equipment layout has made use of locations within the existing plant structure.
provided with controlled and monitored ventilation. The system design has
minimized the number of piping penetrations to the containment and has used
existing penetrations by either routing piping through available spare
penetrations or by tying into existing plant systems which are no longer in
use and penetrate the containment.

The system is designed with suitable instrumentation and controls to
adequately monitor and control system performance and integrity. The system
includes appropriate process flow instrumentation and level indication to
monitor RCS and SFP water inventory by use of dynamic flow balance and static
mass balance. Filter and pump performance is monitored by appropriate flow,
pressure, and differential pressure measurement. The water chemistry in the
RCS is monitored by in-line pH and turbidity meters and an in-line
boronometer, and the installed monitors are supplemented by the capability to
obtain grab samples from various points within the system. The licensee's
chemistry sampling program will be further evaluated during staff review of
system operating procedures and during staff review of the licensee's revised
boron dilution hazards report.

HEAVY LOAD HANDLING

The staff reviewed the potential need for load handling in the reactor
building and fuel handling building in support of DWCS construction work and
determined that the potential' consequences of these activities are bounded by
the safety evaluations previously submitted and approved by the NRC. These
evaluations included the SER for fuel pool 'A' reJurbishment submitted by the
licensee's letter 4410-83-L-0156, dated July 28, 1983, and the SER for reactor
building heavy loads submitted by the licensee's letter 4410-84-L-111A, dated
November 1,1984. Lifting of heavy loads around DWCS equipment during its
operation and lifting of DWCS components, such as filters and ion exchangers,
in support of its operation will be administrative 1y controlled to assure that I
load handling pathways and potential load drop consequences are within the
constraints of the previously approved safety evaluations. |

'

The staff has concluded that heavy load handling necessary to support DWCS
installation and operation can be carried out without undue safety
consequences when controlled in such a manner that loads handled, lift
heights, and load travel pathways are within the bounds of the previously
approved safety evaluations. Heavy load handling within the 'A' SFP and FTC
is restricted over fuel containing canisters and will require an additional
safety evaluation approval prior to the heavy load lifts.
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CRITICALITY

Prevention of criticality in the reactor coolant system is assured by
maintaining a a high concentration of boron in the system. The minimum boron
concentration needed to assure subcriticality was evaluated in the licensee's
Reactor Coolant System Criticality Report submitted to the NRC staff by letter
4410-84-L-0199 dated November 8, 1984. The staff review detennined that
maintaining the RCS chemistry within the constraints specified in that report
will provide assurance that the reactor core and piping systems circulating
RCS water will remain subcritical. The DWCS filters will remove fuel debris
from the RCS. Following their dewatering, the filters will no longer be
flooded with borated water. The filter design is such that they could contain
up to 1000 pounds of core debris. Subcriticality of the loaded filters is
assured by their design, in that the filters are designed with installed boron
poison rods and will maintain the debris in a geometrically safe configuration
during all conditions fer expected operations. The detailed canister
criticality analysis is being evaluated as part of the staff review of the
licensee's Technical Evaltation Report for Defueling Canisters. The post
filters which are intendet to prevent carryover of particulate matter to the
ion exchangers could also accumulate fuel material. Criticality is prevented
in these filters by their physical design. They are designed so that they
will reach the operational limits on differential pressure when about four
pounds of debris has accumulated. This is well below the most conservatively
predicted minimum of 70 kilograms of fuel needed for a critical mass. In
addition, the post filters are designed to contain the fuel debris in a
critically safe geometry.

The staff has determined that the design of the DWCS is adequate to provide
reasonable assurance of preventing criticality during its operation.

'

RADI0 ACTIVE RELEASES

The staff evaluated the DWCS design for potential radioactive material
releases to the environment and to the building as a result of system leakage,
line breaks, or releases of gases.

Process hoses are used in several portions of the system. Connections to the
RV sump suctions and discharges, connections to the filters, skimmer
connections to the FTC and SFP pumps, connections to the ion exchangers, the
return line to the FTC, and connections to existing systems piping at some of
the containment penetration.use flexible hoses. The hoses are steel armored
to minimize the chance of accidental damage or breakage. In the event of
breakage, the hose routing is such that leakage will be back into the FTC/SFP
where no net loss of water inventory will occur, or to locations where the
leakage will be collected in the auxiliary and fuel handling building sumps or
the reactor building sump. Loss of water inventory resulting from hose or
pipe breaks will be detected by redundant level monitors, which are required
by Technical Specifications, in the RV, the SFP, and FTC. The loss of water
level will activate alarms and in the case of decreasing level in the RV, the
RV pumps will trip on indication of low water level. Siphoning of water from
the R'l and tr.e TTC/S3 at a result c' line breakt it prevented by use of
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siphon breaks in the RV suction and return lines and by use of check valves in
the FTC/SFP return lines.

Spillage of water from the DWCS will result in local contamination of areas of
the reactor and fuel handling buildings but will not result in liquid leakage
to the environment. The activity levels of the water will be low enough that
the contaminated areas will be accessible to conduct cleanup and repair
activities without undue hazard to the workers.

Airborne activity resulting from spills will be contained in areas provided
with controlled and monitored ventilation pathways. The potential airborne
activity releases to the building atmosphere are within the bounds of those
previously analyzed in the IIF processing and SDS processing safety
evaluations.

The activity level of the fluids to be handled is less than that of the water
initially processed by the SDS and comparable to that handled during IIF
processing. The design features of DWCS are such that the probability of
significant leakage or spillage from the system is relatively small, and any -

spills or leaks will be contained within controlled areas. Thus, the staff
has determined that the risk of radioactive material releases from the system
is low and that the consequences of any release will not pose any undue hazard
to the public, the environment, or plant workers.

RADIATION EXPOSURE

The licensee has projected a total occupational dose commitment of less than
125 person rem attributed to DWCS. This includes exposure resulting from
construction, installation, operation, maintenance, and dismantling of the
system. Procedural controls during these activities will assure that
personnel exposure is maintained ALARA. The staff review of the licensee's
estimate concluded that it is based on a reasonable estimate of the manhours
needed for the task and conservative radiation dose rates determined by review
of current survey and exposure data from tasks already performed in the same
working areas. The dose commitment due to system operations is based on |
reasonable estimates of the expected activity levels of the RCS and from
experience gained from SDS and other waste processing system operations. The
projected occupational exposure is within the scope of considerations made in
the staff's Programmatic Environmental Impact Statement.

CONCLUSION

The NRC staff has performed a safety review of the proposed Defueling Water
Cleanup System. The system was reviewed against appropriate industrial codes ,

|
,

and standards including applicable portions of NRC Regulatory Guide 1.143 and
StandardReviewPlan(NUREG-0800)11.2. Based on this review, the system does
not pose a significant risk to the occupational work force or the public. The
system, which is necessary to support planned defueling activities, does not
present the possibility of any accident not previously analyzed nor does it i

change the consequences of, or likelihood of any previously analyzed accident.
Margins of safety as previously analyzed are not reduced. The staff concludes
thE: the system doer not recuire additionE l chanpes t the plant Technical I

Steci#iccticr.t an; i; does ret ccnstitute ar. unreviewet safety cuestion Tre
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scope of activities and the associated environmental impact of DWCS operation
.

are-within those previcusly considered in the PEIS. We therefore approve the
,

DWCS Technical Evaluation Report and the construction, installation, and
testing of the DWCS contingent upon our approval of those procedures subject!

to Technical Specification 6.8.2. Operation of the system to process water
containing fuel material will be contingent upon our review and approval of
the applicable operating procedures and upon our approval of the fuel canister
technical evaluation report.

,

I

t
"

4

d

4

R

|

.

,'

$

. _ _ - -. _-. _ _ _ - _ _ _ __ - . _ _ - _ _ - _ _ - _ _ _ _ _ _ _



- _

, *
.,

,

*
.

,

'
Dr. Thcaas Mweley Willis '8f sby. $1te ManagIr
Regional AGieistrator. Regica ! U.$. Cep rtrent of [nergy
U.$. huclear Regulatory Coe,tssten P.O. los 88
631 Park Avenue Micdleto.n. PA 170$7 0311
King of Prussia. PA 1g406

Cavid J. McGoff
John F. kolfe. Esq.. Chefrman. Division of Three Mile Island Programs
Ac'inistrative Judge ht*23

*34C9 $*ewberd St. U.S. Ce priment of [nergy
Chevy Crase. M0. 20015 bashingten. D.C. 20545 -

.

Dr. Cscar M. Paris William Lochstet
Acministrative Jwoge 104 Cavey Laboratory
Atomic Safety and Licensing Pennsylvania $ tate University

Soard Panel University Fark. PA 16BC2 *

U.S. h. clear segulatory Comission
Randy M ers. Editorialhashington. D.C. 20555 y
The Patriot

Dr. Frederick K. Shon 812 Market St.*Acministrative Jwdge Harrisburg PA 1710$
Atomic !afety and Licensing

Board Panet Debert B. Borsua *

U.S. huclear Regulatory Comission tabcock & Wilcon
hashington D.C. 20555 huclear Po-er Gereration Division

*

Suite 220 .
Karin W. Carter 1910 kocemosnt Ave.
Assistant Attornef General Bethesda. M3. 20814
50$ tsecutive House
P.O. Son 2357 Michael Churchht11, Esq.
Harrisbu g. PA 17120 P!LCOPr *

1315 halnut $t.. Suite 1632Dr. Judith H. Johnsrud Philadelphia PA 1g107
'. ; Environmental Coalition on

huclear Po=er Linda W. Little
A33 Cr1ando Ave. 5000 Nernitage Dt.< $ tate College. PA 16831 Raleigh.hC 27612

*- .- t
George F. Tro bridge, 1s4. Marvin I. Lewis

*

Sha w. Pittman. Potts and 6504 Bracford Terrace_1 fro-bridge *

J. ~ ' 1800 M. St. . W. ~ Philadelphia PA *1914 9 ^ ..

g ,; . Washington, D.C. 20036 Jane Lee ? -
~ ' . 7 'E-- .

-

183 Valley Rd.
'

-

-

* ' . Atomic Safety and Licem.ing Board Panel Itters.PA 17319 .
. ~ '

-
_.,

:2 U.S. kuclear segulatory Comission _

N"*' Washington D.C. 20555 J.B. Liberman. Isovire
'-

Berlack.!sraels. Liberman~'
Atomic Safety and Licensing Appeal Panel 26 droa kay'. U.S. huclear pegulatory Corvrission hen York, nr 10004 ,

-

1.
- hashington. D.C. 2C5!5 .

Walter W. Cohen. Consu er Advocatem~

Secretary Department of Justice
U.S. huclear Regulatts y Comission $trawberry Souare.14th Floore

ATTN: Chief. Locketing & Service tranch Harrisburg. PA 17127
bashington. D.C. 20$55

Id ard O. $= art
.

Mr. Larry Hochendoree Board of Supervisors~,

Cauphin County Comissioner
P.O. Som 1295 Londonderry Towrship
Harrisburg *PA 17108 1295 RFD #1 Geyers Church 8d.

Middletown. PA 17057
John I. Minnich. Chairperson.
Dauphin County Scard of Comissioners , Robert L. Enupp. [souire

Assistant SolicitorCauphin County Courthouse Knupp and Andrews
Front and Market $treets P.O. Bos P.

Harrisburg. PA 17101
407 N. Front St.
harrisburg. PA 17108

Cauphin County Office of Emergency*
* Prepa redness.

John Levin. [sovire
*

Ccurt Mouse. Room 7
**

Pennsylvania Public Utilities Com.Frt:nt 8 Parlet $treets ,

P.O. Los 3265Harrisburg. PA 171C1 Harrisburg. PA 17120

U.$. Envircrmatal Protection Agency*

Region !!! Cffice,

ATihr I!$ Cooretr.ator
Cuetis Eu11 ding ($1sth Floor)

, 6th & Walnut $treets f
''

>* te.te tintnerPhilaceiphia, PA 19106
taecutive Vice Presteent

Thor.as M. Gerusly. Director General public Utilities huclear Corp.
tw en cf f aciation Pectectica 100 Irte+pce eark.sye

Leurtree,t cf inviremental 5escurces f o r s t s u cy , h,3 C7054

P.O. 6cs 2M3
%,-- s;. s ss * " |0

ut .srs=: ** Ln '
r 9f6E ** *** *.e.,,g. ,,,,,

y ee 2**^Je* -

. W . e f * .ig..e
, .g, ,* . * '*

e
4.h'P21* .. **

e -*-;; , '* |

- . . _ - - _ . - _ _ _ _ _ _ _ _


