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letter 4410-85-L-0005. F. Stil11derfer to 0. Snyder. Oefueling 
Water Cleanup SysteM Technical Evaluat1Cin Rei>')rt, dated 
January 14, 1985 

(c ) 

(d) 

Letter 4410-85-L-0099, F. Standerfer t.o B. Snjder. Technical 
Evaluation Report for the O~fuel ing Willer Cleanup S./Stem, 
dated April 26 , 1985 
letter 4410-85-l-0119, F. Slander'fer to 3. Snyder, Techn1cctl 
Evaluation Report for the Defueling Water Cleanup Syst~. 
t1ated Hay 28 , 1985 
Letter 4410-85-L-0125, F. Standerfer to B. Snyder, Technical 
Evaluation Report for the Ocfuel1ng Water Cleanup System, 
dated June 13, 1985 · 

This letter is iu response to references (a) through (d). 

Reference (a) was your 1n1ti~l subm1tt~1 of the Oefueling ~ater Cleanup System 
(OWCS} Technical Evaluation Report (TER} for HRC staff revft w and dpprwal. 
Rcfer!nc.:s (b) , (c), and (d) sub:ilftted subscquer1t revis ions to the subject TER 
for staff review. The TER addressed the general design and operation of the 
syste:i. consequences of various syster11 failures. cr1t1calfty and decay heat 
removal considerations, boron dflut1on, heavy load handling, radioactive 
rcle~ses, dnd both off-s1te and on-site radiation dose assessment. Additional 
Information was provided 1n Giscussions between members of our technical 
staffs on Aprfl 3, 1985, durin~ which various questions and issues relatfng to 
the system were addressed. 'lc t1ave not completed our rev1ew of the owes 
filter caniStt:r critfcalfty ana lysis . Cur evaluation of this analysis :~ill be 
pr~sentcd in our response to your Fuel Canister TER which was submitted for 
our ~view in your letter 4410-85-l-0067, dated Apr11 9. 1985. "In addf tion, 
two other a reds re 1 at 1 ng to OI·ICS ope rat ton requ1 re further review. F1 rc;t. we 
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Hr. F. R. Standerfer -2- ·August 6, 1985 

have nol cornplet~l our review of the consequences of h~avy load handling over 
the fuel storage racks wh~n fuel material is present. Our review fn this a~d 
may affect yout• p l.Jns for rep 1 a cement of spent. filte r canisters 1 n tile Ol-ICS. 
Sc!cond, our approval of systt.'la operating pr~Jcedure5 rt!luting to chemistry 
sampling frequency will be depenaent upon your suunittal of the revised boron 
dilution hazards analysis for our rev iew. This l~ttcr transmits our safety • 
evilluation and our appmval of tht! propos~d d~sign , i nstallat i on , and testing 
of thl! O~CS. Our revi ew WdS based on yvur description of the proposed systt!!!l 
presented in revision 6 of the TER and revision 3 ~Jf tile uS50Cl ~tcd system 
descripti ons 15737-.:-1172-miCul ar.d 1537-l-H72-0\iCO/.. ;Je have dct~nn1ned that 
the us~ JT this SJ~ter.J doas not pose o ri sk to the h~d l th and safety of the 
public, nor daes ft cxc~ed the scc~c of 4ct1v1tfcs and the associ Jt~d 
cnvlror.;;,(!n t<ll i;npacts which \tr: r e cor•sidcrcd in the St<~ff's t'ro!Jr·artMtic 
Enviromnent a l Impact Stdtcrnent (PElS). Operation of the syster; to process 
water from the reactor cool dnt syst~m \fill be contingent upon our approval of 
the fuel canfst~r TER, rC!solution of heavy load h<lndli ng issu~s, revi~ of the 
boron ailution haza rds ilnu l.; sis, ;~nd submilla l ot the r el ated ·proceoures 
subject to our· approval per Technica l Specification o.8.2 . 

we are awar.: of j vUr intt:ntion to begin partial opcrdtion o f the owes (f.e •• 
react::> r vessel fih.rution) pnc r to full syst~r~ insta llat i on . Wt: have 
rt!vieu.:-a tht proposed 1.tterin processi ng schc~ . as shwn on your piping and 
fnstr.J.~nt dr~wlngs 15737-'- -ri75-0'IICOJ and 1:1737-2-tt75-Ut;CV4. rtrtisfon 0, and 
have dt!t~roint'd that thr: concl us 1ons pr~sentcd in our saf..'tJ c 't'a luation for 
the full sys t~'ll are dlso vaiid for tht !JtLrtial systen opcrat iuu. We therefore 
approvt: the i r.t c rim prtJCP.ss i~og plan:> subject t.o the ScH•Je couditfotrs discussed 
above for the co~pl ate systco. 

cc : T. f. iJc:n :•i t t 
R. E. '1c,gan 
S. l "!'l i n 
J. H. lintr.u 
J . J . !l;r"h:: 
A. 11 . r:111er 
S~•·vit~ J tstt·ibuti ur. Li :; ~o 

(See .fttncht:d) 

Sinccr~ly, 

11lllam D. Tt'.wers 
u~pu ty Prugt·ar.t 01 r~c tor 
Till Prugram Offfce 

.. ' 



DESCRIPTION OF SYSTEM 

r:RC STAFF EVALUATION OF TilE DEFUELIIlG 

WATER CLEAI\UP 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 suspended 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 rr.aintain water clarity at 1.0 nephelometric turbidity unit (t:TU) 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. Tt.~y share some 
co~on 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 vertical submersible 
well pumps (P-3A and P-38) located in the FTC, and two identical pumps (P-4A 
and P-48) located in the SFP. Each pump has a net capacity of 200 g?m. The 
purrps take a suction through surface skimers in the FT'C 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/3B, discharge to a common header that communicates from 
the reactor building to the fuel handling building through existing 
penetration R-524. After leaving the reactor building, the header splits into 
two branches with one SFP pump (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 ~ode of operation will be to process 200 gpm from each source with the 
total lQO 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 
can, if needed , be taken off through a side stream for further processing. 
rather than being directly returned to the source. Up 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 exchanoe media. It is located on the 347' elevation of the 
fuel h~ndling building in~ide ~concrete shiel d vessel. The processing 
capability of Y.-2 is a ug~ented by the abi lity to route up to 15 gpm via a 
: ~~::-· ::;-:- ,.,.'"' ,._ · .. : -=-~ :'~ ~..: : ~~ .. ;:t : a€-.:!-: ... ( · .. :~ ._ ~\!"~ei '~!':, ... ... : t: 
r - - rr• ·· : · :. ;· , . ,, . • r-r t .. ; : · .... ._,.:-. : ... , .. !"'; ,..,. : r~ 
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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 syste~ includes two vertical 
subrrersible well pumps, P-2A and P-28, housed in wells in the fuel storage pit 
in the shallow end of the FTC. The pumps ta~e suction on the wells which are 
connected by flexible hose to the RV via connections on the defueling work 
platform. ihey 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 can 
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 exchansers in the event of filter media breakthrough in 
the main filte canisters. The effluent from the ion exchangers rnust pass 
through additional particulate filters to prevent carryover of ion exchanger 
resin fines back to the RV, FTC, or SFP. The total system interfaces with the 
standby reactor pressure control syst~m (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, ~he system receives water discharged from 
filled fuel s ~orage 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 mainta ining water 
turbidity ~t 1.0 tiTU or less wilt assure adequate clarity for underwater 
operations necessary for defueling and hJndling of fuel storage canisters in 
the FTC and SFP. The design ion exchange capability to maintain fission 
product activity below 0.02 microcuries per millil i ter 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 
defuelinc . The ~dmi nistrative limits imposed to cope with these s i tu~ tions 
will b~ evaluatt. .Jri ng NRC staff review of t he 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 
Review Plan (NUREG-0800) 11.2 and determined to be acceptable by the staff. 
Portions of the system associated with ion exchange processing have been 
dasigned to the applicable requiremants of NRC Regulatory Guide 1.143. All 
piping will be subject to the testing requirements of AllSI B31.1. System 
tie-ins to existing plant nuclear piping will be subject to the testing 
requirements of ANSI B31.7. 

Equiprrent 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 meter~ 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 HANDLWG 

The staff reviewed the potential need for load handling in the reactor 
building and fuel handling building in support of owes 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' refurbishment 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-111/. dated 
November 1, 1984. Lifting of heavy loads around DWCS equipment during its 
operation and lifting of owes components, such as filters and ion exchangers. 
in support of its operation will be administratively controlled to assure that 
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 D\/CS 
install ation and op~:ration can be carried out without undue safety 
consequences when control led in such a manner that loads handled, lift 
heights, and load travel pathways are within the bounds of the previously 
Gpproved 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 tc tne 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-e4-L-0199 dated November 8, 1984. The staff review determined 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 owes 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 sate configuration 
during all conditions for expected operations. The detailed canister 
criticality analysis is being evaluated as part of the staff review of the 
l icensee's Technical Eval uation Report for Oefueling Canisters . The post 
filters which are intendeo 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 OWCS is adequate to provide 
reasonable assurance of preventing criticality during its operation. 

RADIOACTIVE RELEASES 

The staff evaluated the owes 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 existinQ systems piping at some of 
the containnent 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 ~1ill 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. Th~ loss of water 
level \\'ill activate alarms and in th~ case of decreasing level in the RV, the 
RV pumps will trio on indication of lew water level. Siphoning of water from 
~·:- : , ::r ... :, , ~ .... s~:-- :: ~ r.t:!.\.., . ~ -- . ... r.£ ~rt:l: .. ·: :r~v~r ~ t~ ty t.!~ cl" 
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siphon breaks in the RV suction and return lines and by use of check valves in 
the FTe/SFP return lines. 

Spillage of water from the O~CS will result in local contamination of areas of 
the reactor and fuel handling buildings but ~till not result in liquid leakage 
to the environrrent. 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 OWes 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 rJdioactive 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 license~ has projected a total occupational dose commitment of less than 
125 person rem attributed to owes. 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 ReS 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. 

eOilCUJSIOil 

The llRC 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 
Standard Review Plan (liUREG-OeOO)ll.2. Based on this review, the ~ystem does 
not p~se 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 
change tha consequences of, or lil:elihood of any previously analyzed accident. 
r~argins of safety as previously a~alyzed are not reduced. ihe staff concludes 
~· :..: : · • !.. s • '?- G :..~' ~ : : ..--:-:.· ... irf; f!.~: ~ i:. r,, 1 ~ ... ~ .. ~ ~ ::: ~ : ~ rc: r ,:r ~ -~': t'"" i C C , 
::.~: ; .. :. :..: · ~ r-! c r .··::.: ~ ... ::;···:·:.~..:'::· .; ... :-c··., ,.·~~ :- " 1 !:. \ ~u~! : 1~' ,. , ~ 
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scope of activities and the associated environmental impact of O~CS operation 
are within those previously considered in the PElS. \oie therefore apptove the 
OWCS Technical Evaluation Report and the constt·uction, installation, and 
testing of the owes contingent upon our apprc,val of those procedures subject 
to Technical Specification 6.8.2. Operation of the system to process \-tater 
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. 
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••1.t1;h,•C 2761l 

114ro fo J . lt•h !''' !roefcre ltrrur 
r~ll .erlp~h. rA .aug 

J••t ln 
lU VaHty Rd. 
[tttrs,PA 17319 

J.a. llbt~ft, hovlrr 
hrhck , hrath, Lt~.-," 
26 •roa::..ay 
••• Tcrl, •r 10004 

Woltrr 11. Cch'"· Co"'"''' ol.d•otatt 
Ctpor~nt of Jwlltct 
Stroottrr 1 Sou a rr, l&tft rloor 
"''rllbwr;, PA 17127 

!~·ord 0. s.aru 
&card o! Suptr•horl 
ton~cn~rrrr TowMtttp 
~F'l) 11 ''ttrl Chu•t~ •d. 
I'IIC~l~to•~. PA 170S7 

~obtrt l. Cow~p. houlrt 
•uhta"t Solicitor 
'""~p •MJ '"C:rrwt. 
P.O. 6oa P 
'01 N. rro•t St. 
Marrh~ur;, PA 1110! 

John lt•lft, houfrt 
PtMI .. l.tfth Public Utllttlu c ...... 
P.O. •o• ~ns 
horns burf, PA 17110 

,. .. . [c.,,. t f ,.tnrr 

t•rtt.thr '''' FruiCtflt 
'""'1 ••t l •c Utlllttu •utlt., Co•~. 
1~: Jr!r•:.t:t '•'•••t 
' ' "1·::. •• ,. \0: t70~& 

. . .. . . . 

., . . 
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