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keeping and maincenance activitios.

‘ﬁpo“"onncl are al

A?STBACP

——————— g § CRw—

‘e State‘or,Fiorida currently has four operational

commcrcial‘nuclear power plant. In 1972, over 91 000 cuonc

-

feet of low-level radunﬁnf1vn waste(LLKRY) was Vencvatnd_in

a— Wom &

IFlorids; 8C ‘percent.of ‘that by nuclcar nower nlants.

Y - pmt "™

The generation off LLRY 1n nuclcar power plants serves to

o

protect ths environment near Lhc plant site and to protec» Lhc

personnel working in the plant. | Radioactive contaminants are

removed from the plant's lliquid systems oeforc the 1Jqu3d3 are

discharged to the environment. th LLRY resulting f”om proccau—

ing'.the 1iqaid is then packaged to prevent the radloactlvlty

from being veleazsed Lo the enviromment before and after burjal.
LLRﬂ is aloo genesratiad iun a nuclcear power plant during housc-

iz LLEY is the rezult
pe“%Oﬂh“L protcction’ meanures taken agmalinst the radioactive
contaminatioﬂ'haZ'rF" inbarent o a nuclear plant.

”he prlmavv enhad of rcduc-nﬁ iho vo]une oI LLRY in. the ™

‘e s wens® av ove "Fee Tl BT TR LLELEY " atrmes e . s
-

nuclear puU"“ pWants 1n PJorLda ws oompact .on.  The p1ant .

s0 trained in work practiccs wh:ch rcduco Lul!

<

——
S L)

N

" -

'volgmes: In addition to this, both of the ut113t¢e v opcraolng'

nuclear power plants*in PJoriaa arc involved in sﬁudiqs of their

P LY oR

cnrfént”LLRw managcment-practices and are exanmining the

fonsibility of employing advanced volume reducltlon.techninues,
such as incineration, to further reducc LLEY volumes .
To date, over 391,000 cqpig feat of L1 has been generated

by the nuclcar pover pTants in TLorida. The arinual volune

. ®o%en n e teean et ‘ S o, v e

PQdCth a peak in ]9{8 and has since ho “ o decline which-

sould continue through 1980. One ol the Florida plnnés has

Vi .







-

N

™
had a number of significant prebleus thfmughbut its short
oncrating hiﬁtory hich conﬁributed t& Lﬁe abo&c normal LLKW
volumes. It 1is belicved thatftﬁcse problems have bpcn resol@ed

and lower LIRYW volumes are expnected in the ‘Tuture. Two other

operating plants have shoun declining volumes in recent yearc;

but, due to necessary maintenance, the LLRYW volumes from these

increase jrom 1981 through.1983. “he other nuclear

nower niant has had exceptionally low LLRY volumes in the past
and deesreases are anticipated for the immediate futurec. In
1983, the Iifth nuelewr pover plant is expected to beginL

operaticn. | Jt is anticipated that this plant will generate

relatively siall volumes -of LLRYW. . .

By 1985, it is projected that the volume of LLRW from
>
nuclear power plants in Florida will be about 75,000 cubic

feol per ycar, compeiad, to almost G5,0C4 cubic feet generatcd

’

¥

in 1578. The projected value incluies the effects of an
additional plant and credits volume reduction methods which -
v N ® . .

are currently planned. ' ’ .

"
N - -







) - TRTRODUCTION

. The University of'l-'ILor.i.da, under o consract from Lhé United
States Devartment orvﬁncrﬁy, is éonducting a study on low
level radioactive waste (T.LRW) roncxat;cn within the SLdtc
of Moridd, The cowmercial nuclecar power plants in Florida

1ijor source of LLEW in the state, accountling for

[AAY

O
C
=
r‘l'
Fetod
e
e
<
ot
D
1)

bif]

G& porcent of tho total TLRY volume in 1978 and for &6 wercent
(RUs s0) =

an 1979,
PR

- Tae purpase of this portion of tha Univeraity of Flovida's
LLRY-study i1s te provide a general descirption of LLRY managerent
Ju nuclear power plants incluvding were applicable, specific

H . 3

inforimetion r&iated to the nuvelear pladts in Jorida. 7The topiles

T which will be discussed in this report ave LILRW sources, 1iquis
“ ‘ : processing sysboms, pachaging r::etl':od:.., volume rcduction technigues,
\

guality control programs, and ensite storage capacities.

AGitionally, 1LY volume hi ,iornc' angd pwnjections for vaci of

the nucleassr power plants in FJorida will he resnntcd
) P |3

The iﬂ}OPHZL;Oh presented releting specifically to thc

nuclear power planﬁsﬂin Florida was obtal nod hhrou dh ‘quas taonalrc

7 Gubmitted to the Florida Pover and Light Company (WP&EL) end the

v

Tlorida Pcwcr‘Covnorationw(FPC . The actual guestionaires

0

- ) oand the v ilities' responsces are enclosced in Attachment 1. This
' information was supplementced through telephone convevsations

ith the FP&L and FPC:LLRW'manaéemcnt7personne1.
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3 _ ‘NUCLEAR POYER PLARNT ‘IYPES
" Florida's nuclear power plantzs are all of the pressurized
water design.  PFigure 1 i1s a simple schematic of a prbs§urizcd
’} water ve'otor (PWR). 1Instead of a cowl, 0il or gas heat source,

a nmurleir power plaut fissions nuclear fucl to produce the heat..

.

]I ) A1 four types, coal, oil; gas, and nuclear plants must produce

stezm Lo drive a turbine which turns an electric generator. A

VOO

Goiling water reactor (BYR) generates stecam within the pressure

vessel-~core unit, thus eliminating the steam generator and

. . . sccondary loon. fha'stéém passes direqtly to the turbine in a’
’3 ) ﬁwﬁ. in thé PR shoun in Pigure 1, water, often termed the
primary coolant, is pumpbd“in“a cloesed loop to transfer the heat
1f53 ; from the eore to the Sleam menerator.l“Tﬂis priﬁary coolang—gs
6 kent mfier Invh nres suu to prcven‘o boll.mrr ‘.m the core, i.e. a
. PWR., The bheai taicm o thc steam generator‘is transferred to a
j secongary coolaﬁt system. Aféer tno energy of éhe steam 1is ‘
) ut%lized to the.maximum pos s;ble it must be condensed béck to
 37 ) vater by an c¢xternal coclipg source in order toO rcaenterithc ‘
555} i steam peneration 100;. ‘ ‘ -
L " Three U.S. companies manuf'zecture PUR's: - Wéstinghouse' .

’:‘37 ’ Eleetric Corp., Combustion Enpineering, Inc., and the Babeock and
Wilecoz Co. Although Florida has only four operating nuclcar

’3( poter plants, all three manufactursrs are represented.
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unit under constructiop at the St. Lucie site. This unit is -

NUCLEAR POYER PLANTS TR FLORTDA

L e R N L

Florida is currently served by four nuclear power plants,

producing, over 3000 megawatts of elecetrical encrgy (Mie).

Migure 2 shows the locations of these four plants. "Figure 2
also shows a nuelear reactor Jocated at the University of

wlorids, Thne LLRY

4

generation fron this low power reactor will
not be discussed in this report.

¥Pre onerates one nuclear povier planu, Crvstdl River Unit 3,
neas Crysteal River, IWlorida. .-This plant is a 797 MWe, Babcocek |
and Wilcox, PHR: Crystal River Unit 3 began commcrciai Operation

in ¥Mzrch, 1977., FP&l-operales three nuclear power plants.

Two of these planta, Purl ev Point dn;ts 3 and H are 16cated

near Homestcad, Flowida. Both of these units are 728 Mie,
. ——

estinghsuse, Flis,  Turkey Point Unit 3 began commercial
- . \

;

»

operat.ion in Necembers, 1972 and lnit % :in August, 1973. FP&L's

othere nueclear poewer plant, St. Lucie Unit 1, 1is .located near

* Fort Pierce,'Flovida on jfutehinson ITsland. St. Lucie Unit 1

15 a 810 Nie, Combustion Enginecring, PWR which began commercial
opcration in Deeember, 1976, FP&L also has a second, similax

.

-

rwpeeted to begjn commnrc'al opera tion in 1983 .

x
>
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‘ . BOURCE OF T.LR:

The initial source of LLRW in a nuclear power plant is )
. tl'xc;_rcaci:or'corc; more speecifically, it is the rission i*éactzior)
. whiéh occurs in the reactor core. Tunere are two types of
- radilozetive broductq, cr concam;nants, produccd by the fission

¢

reazetion:  diraeet fission Crapgments and corrosion produvcets

activaioed LY the neutvon flux.

Plasion products are the radioactive atoms produced when

- . the urenium atoms of the fuel split.” Some typical fission

produvetls produced by the fission reaction are krypton-85,

strontiuvm-%0, joedine-131, and cesivm-137. Core structures do not

provide complate conbuinment of the ssion prouuct and traces

i o ¢ ihe fMission Trazments énter into tha' coolant surrcunding the
v‘:. — L n—— - B
. TeacLor Tuel ., The prduary coolent water also contains various
. trace, nonsadioactive clements. Some of these elements are

inherent to the water, some are dzliberately added as chemical

controls, =nd oth:rs are clements-which have corroded and/or

.

Jeached from thne wmetzl aurfaces of the primary coolany system.

;*fJ' ' When the nonradioactive atoms in phe primary coolant ére exposedv
- i z-.>’ ~to the high neutron flux of the reactor core, some are tran formed
‘L P into radioactivé atoms by a proéésslcalled nqutron activation.
; These radioﬁnc]ideh'ﬁre referveh to a=s the activﬁtcd corrosion -
( products.,  Somd typical aclivated, corrosion p;;ducts are

’._._—_. v

s

. hydrogen-3 (tritium), iron-5% and -5¢, zinc-65, and cobalt-58 and
-60. .Table 1 lists the fission and activated corrosion products

’

and the approximate concentr aluov" found in the primary coolant

‘ of & typical PUR-nuclear power plant.

- 6.







Concentration

Tablce 1

Concentrations of Radioactive Matersial
in PWR Primary Coolant

Concentration

Concentration

Saken from NUST782a

Huelide uCi/ce RNuclide uCi/cce Nuclide wCi/ce
Fission Products
Rb-86 0..00017 Ru-106 '0.000021 :-1-132- 0.19
Sr-8¢ 0.0007 Rh-103m 0.00G09 1-133 0.75
¥Sr-20 0.000019 Rh-100 0.000021 I-135 0.38
. Sr-91 0.0013 'fe-125m  0.000058 Cs-13h 0.05
. 71-90 0.0600033 Te-127m 0.00056 ° Cs-136 0.025
Y-9im 0.00075 Pe-127- 0.06017 7C5-137 0.03%
Y~-91 0.0032 Te-129m  0.0027 Ba-137m. 0.033
Y-93 0.00025 Te-129 0.0031 Ba-140 0.00044
Zr-0% 0.00012 Te-131lm  0.0049 La-110 . 0.0003
1H-85 0.0003 Te-131 0.0022 Ce-141 0.00013
50-09 0.8&3 *Pe-~132 . 0.054 Ce-143 0.0009089
Te=-G9m 0.76 1-130" 0.0042 - Ce-144 0.0000G6
fiu-103 0.0000¢ 7171-131 0.51 Pr-143 ‘0.0001
’ Pr-144 0.000066
Ac;ivaﬁhdeorrosioﬁ Products -
Cr-51 0.001% Ka-55 0.0016 Co-58 0.016
lin-54 0.00031 . Fe-59 0.001 Co~060 0.002
. . Np-239 0.0012
. A1l others? 0.075 . 2
Potal?, 8767 ,
aﬁzcept tritium and noble pases - -







-, -~
The radioacty.o contaminants migrate fre.. the primary coolant

svstem into supporting auxillary systems. The radJOactlvi Ly

——

may then deposit on thc interior surfaces of the plan;, valves,

and pumps of the aux Jlltnry Sys Lnnu. Vlhen small leaks occur

Lhie radicactive contam;nanub scep onto the exterior surfaces

] . of trne ylpfﬁg, the snrrounding quipmept and builQing surfaceg,
] . ana e2veuntLally into Ehe plant's nuclear relatod drainace sys tems.
.’ The rudisactive contaminants may be translerred to other
materials such as wiping rags, protect ;vc clothlng, and tools when
- ] ' persannel woéh on the system components., 1In ordgr to‘reduce the
] ] concentritions of those radicactive con%aminants at the source
and te contzin and dispose of the contaminants wﬁich-migrate
’ ] to other sy:tcms‘aw? areas of. the plant, nuclear power plants
w’:i . | have 2 LLﬁw management cystem, "his system contains, collects,

processes, stores; a#nd packages all the LLRW which is generated.
. E lgura I Jliastratss the ‘a‘-ypical l LY management flowpath for

a MIR noeleary power pignt., Tn the upcoming sections, each part

] of the LLEW menagainant system VJ21 be discussed. .
8. )
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" Liquid .
ladiocactive
Waste Systems

Selid Waste
Systems

* FIGURE 3.

a

“ ’ » £Q
SOL‘RCES - . ] \‘/J tQT:.. FQRMS

- ‘ -

Reactor Ccolant Cleanup Systesm { a
, ’ R ™ 1 s

Spent Fuel Pool Cluanup System .

Cartridpe Fiiters

DISPOSITION

‘ Treatment and
Packaging

[

: - : {
dMigc. Nast@s Treatment Systoem e
) - ' - Demineralizer Resins =
Steam Gcnerator Blowdown avd N L F

™ Evaporator § ics
Condensate Pol1»u1ng Ty, pot lugr :

tsed Equipment

.
PITOmOCCRA

J

Disposal

i

Trash

Treatment aund
Packaging

_ui'
lentilation S ms ) Co 34
Ve lacd yste S i¢:> ] Usced Equipnent E
Operation, Maint. and House~  }°F MEPA Filtcr;
keeping Wastes: : ST "
: l .Charcool Filters |
p

.

PO

LLRY] MAY f'GZ.»’.C'\:% P/\T’-i rCit A F\’\'R tdC LEAR PO‘N:..(' LANT

am







~1

LIQUID LLRW COLLECTION AND PROCESSING

“-‘f There are basically four radioactive waste processing
systems which remove radioactive contaminants from liquid waste
| j streams in a nuclear power plant. Typically these systems

generate approximately 50 percent of the total LLRW volume of

the plant; however, the actualhpercentage for any individual

i nuclear power plant depends upon the operating characteristics
— - :

of that plant.

———

Reactor Coolant Cleanup .(or ‘Chemical and Volume Control) System

The reactor coolant cleanup systen processes the primary
coolant to remove the radioactive contaminants. In this system,
= . as in many non-nuclear industrial applications involVing closed

circulating systems, the concentration of contaminants is

*::. (’ ~ contr olled by "blowdown",., This process involves continually or

gpm——

intermittantly renov1ng a fraction of the circulating fluid and
_ replacing it with & similar volume of “"clean" fluid. Unlike

% non-nuclear industrial applications, the displaced fluids in a
;I ‘ _nuclear povier plant may nat .be discharged directly to the -

S e environment.

if,r i'if: ' The "blowdown“ primary coolant is stored in large tanks,

. | commonly called reactor coolant bleed tanks, until the plant

} (1 management desires to process it. The coolant is then routed
throngh.a combination of filters and demineralizers to remove
‘the radioactive contaminants. The processed'coolant called
makeup water, is then stored in ‘tanks until it is necessary to

' . feed it back -inté the primary coolant System. The plant also

has the option of discharging the makeup water to the environment

10.
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providing the radionuclide concentrations are below federal
. regulations. ‘

The LLRW generated by this system is in the form of filter
cartridges and demineralizer resins. The volume of LLRW generatead
by this system is estimated to be 370 cubic feet per year for

;} a 1000 kWe PWR plax%us.ww)
Another system incorporated into the reactor coolant
cleanup system is the boron recovery system. In a PWR plant
the boron in the primary coolant acts as a cnemical control rod
for the nuclear reaction. By varying the concentration of boron
in the cooiant, the plant can "fineonne" the power level of |
- L the reactor. .he the fueif"burns up!' during extended operation,
jé . it becomes necessary to reduce the boron concentration of the
... primary coolant. 'J.‘h:i.sw i{s‘ done by_;removing coolant through the
‘ reactor coolant cleanup system and reblacing‘it with makeup
water having a lower boron concentration:. It also occasionally
becomes necessary to increase the boron concentration in the

N . primary coolant. In order to have a ready supply of boron,

concentrate for that purpose, the primary coolant is processed

ié rﬂ'f' through a series of deborating demineralizers and evaporators .
to provide a boron concentrate. The boron concentrate may then’
be stored in tanks untll needed. The boron recovery sysem-also
generates LLRW in the form of evaporator concentrates and
deminerallzer resins. The volume is estimated to be 690 cubic

a (Nus18a)
feet per year for a 1000 Mde PWR plant.

. . éteam Generator Blowdown and Condensate Polishing Systems
As described previously, a PWR nuclear power plant employs

an indirect cycle to generate steam which turns the turbines.
11. '
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,coolant is dlrected ‘through from ROOO to 8000 small diameter,

. The heated secondary coolant (steam) leaves the~secondary

and at a flow rate of over .5 million pounds per hour. The

. system. The "blowndown".secondary coolant is replaced yith

~ . . ) -

Transfér of the heat energy of the primary coolant to the
p— . . .
secondary coolant system involves several large heat exchanger

—

* called steam generators. The number of steam generators in a

prm——

‘nuclear power plant and their design wvaries amoung the three.

PWR manufacturers. The Westinghouse plants at Turkey Point
use three steam generators whlle the Combustion Engineering
and Babcock and Wilcox plants at St. Lucile and Crystal River
utilize two steam generators,

The primary coolant from the reactor enters the primary'

 m——
»

side of the steam generator at a temperature of about 650

-

degrees Fahrenheit and a pressure of 2250 pounds per square

p——

inch. <The fth rate of the primary coolant entering the stean

generato; can exceed 60 million pounds per hour, The primary

e ——

thin-walled, heat exchanger tubes in the steam generator. The

———

thermal energy of the primary coolant is transferred to the

secondary coolant which surrounds the heat exchanger tubes.

side of the steam generator at a temperature of aobnt 550

degrees Fahrenheitu a -pressure of 1000 pounds per square inch

P

steam'trayels;through the tﬁrb%ne'and then is condensed*back
to a liquid before returning to the steam generator.

The secondary coolant system also goes through a "blowdow
process to control the level of contaminants in the -system. -
Unlike the primary cooiant “blowdown“ system \the contaminant
of naaor concern in-the secondary system are nonradioactive

atoms which could form mineral deposits w1thin the turbine

-

12. -
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water which has veen purified using filters and demineralizers.

The secondary "blowdown" system does not pose a serious LLRW
et - .

problem unless there is an inordinate amount of coolant leakage

7~
A
<+

ol : iV
1f this occurs, secondary coolant cleanup systems can producebu
. a substantial.amount of LLRW. | K < h

. ‘ from the primary to the secondary side of the steam generator.,

When primary to secondary leakage does occur,'it ié
generally due to small hairline cracks which develop in the
walls of the steam generatér heat exchanger tubes. The cracks
form because of éhe tremendous stresses which the heat .
exchanger tubes are.exbosed to during the oéeratian 6f the

'plant. . Nuclear power plants do several thihgs to prevent tube

leakage and to control the discharge of radioactivity when it

R . does occur. The preventative measure taken involves a process

emm—————

—

( called eddy currené'testing. Inieddy current ﬁestihg, a

-—-. ;nal;netic;robe i.s run through t};e individual heat exchanger
tubgs to detect any cracks or thin spots in the walls of the
tubes. If any indications of cracks or thin spots arefd;écover
'in'the tubes, thgltubes are closed. Eddy current testidg is
;TJ,Ai': B ) performed opva'percentage of the steam generator tubes -during -

each réfueling-outage as a part of the nuclear power plant's .

_inservice inspection program. -

C' - Despite preventative measures, it is possible that some
" b gmm——
primary to secondary leakage will develop in the steam
— ,
generator during plant operation.. The plants use gammna

—

spectroscopy to éheck_ror any leaks. Samples of the éecondary

_coolant-are taken .periodically and analyzed







primary to secondary leakage problens or LLRW resulting from

-this should become a problem in the future.

for fission‘and actiyated corrosion products. If the

secondary coolants ‘contains any radiocactive contaminants, the.
"blowdown" secondary coolant could’ require some degree of
processing to remove the contaminants before being discharged fror

the plant. There are two methods of processing this secondary

_.coolant both utilizing a series of filters and demineralizers.

The first involves only proceSSing the "blowdown" coolant.

Recently, PUWR designers, in light of the potential for steam

generator leakage, have incorporated a full-flow secondary

B S

coolant cleanup system, called a condensate polishing system,

into plant designs." A condensate polishing system processes

all the secondary coolant which passes through the steam generatoj

It is these filters and demineralizer resins from these systems

which- - may contribute to the plant‘s LLRY volumes. Estimates of
the LLRY volume generaued by these systems range from 1000

to 2000 cubic feet per year . for a 1000 MJe PWR plaggsuhghe
actual volume of LLRW generated by these systems for any
particular plant Yaries tremendously, as can be seen'by examining

the nuclear power:plants-in Florida.

FP&L's St. Lucie plant has never had any significant

secondary coolant processmng. The S¢t. Lucie plant does have

a condensate polishing system available for use in the event

FP&L's Turkey Point plants have had problems with cracks

in their steam generators heat eichanger tubes for several

——,

years; but. the resulting primary to secondary leakage has not

contributed to Turkey Point's LLRYW volumes. The reason for this
. 1y, ‘




will have to be replaced, adding an estiﬁated one- time productiﬁ

" the control rod incident. If it can be assumed this inerease

, feet of LLRW, for Crystal River Unit 3.

processes the waste 1iquiqs from drainage systems in the

15.
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is .that the leakage occurred slowly over the years and has nevex

been-severe enough at any one time to cause the radionuclide \

—————

concentrations in the steam generator "blowdown" to exceed the -

plant's discharge limits. Turkey Point's steam generatoi

problems Wlll produce a LLRW problem of a different type in the

future. Because so many of the steam generator tubes have been
Q—_-—ﬁ

plugged, the heat transfer efficiency of the steam generators

has been reduced. In the near future, the faulty steam generatg

of 37,000 cubic feet to Turkey Point's LLRW volumes. -

FPC'!'s- Crystal River plant has also had primary to secondary
leakage problems with thelr steam generators. "The problems
started when a2 control rod in the reaetor shattered. The fragme
traveled through ﬁhe primary coolant system producing punctures
in seme of the steam generator tabes. Tﬁe incident occuréed
in early 1978 and forced the Crystal River plant to be shutdown
from’ March to September of that year for repalrs and testing.
During 1979 the volume of water processing LLRw i e. filters,
demineralizer resins, shipped from the Crystal River plant
,iﬁc?eased by 50 perceqt. In the first half of 1980 the volume

of uaéer processing LLRW has declined to the same level as befo:

was due to increased secondary coolant processing, the control

rod incident led .to the generation of an additional 8500 cubic

Miscellaneous \laste Processing System

The miscellaneous waste proces ing system collects and







&
nuclear portion of the power plant., such as floor, equipment,
laundry, decontamination station; and chemical drains. The
input to the floor drains is from solutions used to decontaminate
areas and from draining system piping to the floor drains. The
equipment drains hardle any liguids which leak from the pumps
and other equipment during operation. The 1aundry drains receive
the detergent solutions used in cleaning protective clothing
worn by plant personnel. Decontamination of equipment also.
contributes to the volume of liquids processed through tne
miscellaneous vaste processiné system, as does the chémical waste
liguids from chemistry laboratories and other areas of the plant.

Each of these“liquid:naste streams is collected; sampled
for radioactive‘contaminants, and, if necessary, processed through
filters, evaporators,'and de@ineralizers, then dischargeo*from
mthe plant. f

“The contribution'ot the LLRY volume from the miscellaneous
vaste processing system is estimated to be 7800 cubic feet per

Nus 18
year for a 1000 hde PWR plagt. Aé

. Spent Fuel Pool Cleanup- System

The spent fuel pool cleanup system removes radioactive
contaminants from the cooling water in the spent fuel storage
pool. After the fuel bundles are removed from the reactor,
they are placed in the spent fuel storage pool.. During storage,
some of the.radioactive contaminants in and on the fnel leach
into the surrounding -cooling water. These contaminants are .
removed by a filter and demineralizer. The LLRW contribution
from the spent fuel cleanup system is estimated to be 180 cubic

(Nus 700 - -
feet per year for a 1000 NWe PwR plant. '

16.
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LIQUID LLRW PROCESSING TECHNIQUES

Each of the liquid LLRW processing systems discussed
uses a combination of filters, demineralizers, and evaporators

to remove the radioactive contaminants from the liquid waste

streams.

filtration is used to femove suspended splids from a
solution. Any radioactive contaminants contained in the
suspended particles are removed by this process. Many types of
filters are availadle for use in nuclear'poﬁer plants; however,
the predominant type useq by nuclear plants in FloriQa is & ?
disposable,.cartridge filter. A croés-secfional view of this,
type of filter is shown ianigure 5. The filters units are -
replaced when the pressure drqp across the unit becomes to large.
It is the individual {ilters which constitute LLRW.’ .

Demineralizers utilize an ion exchange process to remove
radioactive ions from a solutioq.‘ A household water softeper
operates on the same principle. A solution is pa§éed tﬁrough a
éesin bed containingianion resin, cétién resin or é\ﬁixture of
both. .The atoms and molecples having a negative ‘ionic charge,
i.ez an anion, are attracted to the anion resins, and the
posiﬁively charged atoms égd molecules, i.el 5 cétion, attach"to
the cation resins. The chlorides, borates, cesiums,'and ﬁearly

all of the other fission and activated corrosion products in

the liquid waste streams are removed in varying degrees by

this process. The efficiency of a resin rorlremoving a contamin)
is referred to as ‘the decontamination factor of the resin.
The deconéamination factor is defined as the ratio-of'the concen

trations of a radionuclide in the solution entering the system {

17.
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its concentfation in the effluent. The decontamination factors

ﬁ for a demineralizer used in a PWR nuclear plant is shown in Table
2. The majority of the LLRW generated by demiperalizers is in

the form of ion exchange'nesiﬁs: A cross-sectional veiw of a
typical demineralizer is shown in Figure 6.

The fqnction'of an evaporator is to produce a condensed
vapor, as free of ‘the originai contaminants as possible, by
boiling off the liquid radioactive waste solution. In simple
terms the unit is a stiil, producing distilled water and a
concentrated slurrg. The contaminants in the slurry may then be
disposeé of as LLRYW. Evaporators are used in:PWR plants to
concentrate the boron in the boron recovery system and to remove

. radzoactlve contaminants from mlscellaneous _waste solutions whic
»% “ because of the:.r che'nlcal propertles, may not be. processed using
| demlneralizers. Evaporacors provide the best overall -decontamina
factors or‘any single piece of pfocess equipment- used for the
removal of radloactive and nonradioactive contaminants from liquic
process streams.’ Table 3 1ists the accepted decontaminatlon
I‘ac‘soru for'evaporators in -PWR Plants.

There are .many types of evaporators used in nuclear poveY

plants. The evaporator shown in Figure 7 is s;milar to the
"t one used at the Crystal River plant to process mlscellaneous
€§ wastes; an evaporator similar to the one in Figure 8 is used
to process borated waser at the St. Lucie plans; and the Turkey
Point plants use both types of evaporators for liquid waste

‘processing.







i* E':ljl

P S

»

Table '2
Demineralizer Decontamination Factors for. PWRs

-Other

Demin Type Anion Cs,Rb
Mixed bed (Li3BO3) 10 . 2 10
Mixed bed (HYOH™) '
Condensate 10 2 10A
Radwaste 102(20) (1) 2(10) 102(10)
Boron recycle 10 2 <10
system feed. ‘ '
(33303) '

Steam generator - 10°(10) 10(10) 102(10)
blowdown _ | T
Cation bed - (1) 10(10) 120(20)
Anion bead 102(10) 1(1) (D

polishing and second demineralizer ;n:series.-

Taken from NUST79

Evaporator Decontamination Factors

‘Table '3

-

Note: Decontamiration factors in parentheses are for evaporator

-,

Application A1l nuclides Todine . - -
except iodine
Miscellaneoﬁs radwaste 10” -103
Boric acid recovery 103 102
102 2

Laundry wastes

"Taken from NUST9
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VOLUME REDUCTION IN LIQUID LLRW PROCESSING

There are two basi; approaches to reducing the volum;
generated“b& alnuciear plant’s 1i§uid LLRQ processing éystems:
The rirsé approach involves reducing the volume of liquid which
must be processed. By reducing ihputs to the proéessing systems,

the volume of evaporator concentrates is decreased and the

effective lifetime of filters and demineralizer resins is

inpreased; decreasing the LLRW volume generated by the systems.
However, many of the 1iquig LLRW précessing systems aré related

directly to plant operation and the input volumqé to the .systems

‘are not easily reduced.

The second method of reducing the 'volume of iiquid proééssing
LLRIi involves reducing the volﬁﬁe of the filtep§, demineralizer
resins, and evaporgtor cOncentratéé after propessing has tak%n.
glace. This apérogch uses advanced volume reductibn sys?ems to
incinerate the liguid proce;sing wastes. The section on advanced
volume reductioﬂ systems discusses the types“of sysé?ms currentiy-
available for this'burpose. | _ _ ' . o é

FP&L andkFPC=areicurrentlyvconducting detailed studies
of their nuclear plants' LLRW management systems. A portion of'
these studies is devoted to examining the various input volumes .
to the liquid LLRW processing systems and the feasibility of

employing volume reduction systems to reduce their LLRW volumes.

2b, -







PACKAGING OF LLRW FROM LIQUID WASTE PROCESSING

J g ' The filters, resins, and evaporator concentrates - -from 1iquidr
waste_proeessing must be properly packaged prior to shipment
for burial. The.primary objective of the packaging process is to
convert the LLRW into a stable, monolithic form to minimize the
possibility of any radionuclides being released to the environment
dn;ing interim storage, tranSportation and burial.

To obtain-a stable, monolithic form the proceSSing wastes
are combined with a2 solidification agent. The most common agents
used Hy'nucfear pover plants in the United States eré cement and
ureaformaldeh&de (UFr). Solidification agents such as these

immobilize any freestanding liquids in the processing vastes; but

‘ they elso contribute to the LLRw‘volume which 1is shipped for
:—’:&' ~ burial. The volune increase for solidification with cement
ranges from 1. 2 to 2.4 times the original voluégosgégending upon
the type of was te, i,e. resin or evaporator concentrate which is
solidified. In the case of UF, the yolume incréase from
solidification is about a factor of 1. b greater for all ,types of

::w :‘,‘,‘ﬂ - CM\"’.l‘D
L ‘ <wastes. FPC's Crystal River nuclear plant currently uses UF“-to

Bl solidify ligquid proceSSing wastes; houever, in the near future a

switch to cement for solidification is anticipated

é? Some nuclear power plants in the United States, including’

——
—
.

thosé of FP&L, do not solidify their processing wastes, but ship

<

the wastes -in a dewatered form. In dewatering wastes, the

freestanding liquid is removed by either centrifuging or decanting
. The dewatering process has the advantage of not contribut:mg; to
the original volume of the ‘processing wastes. 'The disadvantage o)

dewatering is that it is nearly impossible to remove 100 percent

25,
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of the freestanding liquid. Because of this, oewatering may
become an unacceptable practice in the near future. The'Nuclear'
Regulatory Commission (NRC)'has ruled éhat, as of Januahy l,'
1981; the volume of freestanding liquid in a shipplng containe?
can be no more than one-half ofadne percent of‘the volume of '
the container; and hy July 1,'1981;-no amount of freestanding -
liquid will be acceptable: As an alternative solution, the NRC
has given specirications for a high integrity shipping liner
vwhich could be used for shipplng dewatered processing wastes whlch A

have small amounts of freestanding liquid. These liners should"

’

be available for use in the near future.

The containers used to ship liquid processing wastes are,
normally 55—galloh Steel drums or steel linens of various,volumes‘
sized to rit a particular shleld cask. The volume of these
line“s can vary from 50 to about 200 cubic feet In some cases;
the steel liners are loaded and transported 1n31de a reuseable,
shield cask, such as the one shown in Figure 9 The shield cask .

reduces the radlatlon exposure levels to which the driver or the

”transport vehicle and the general public are exposed to during

-transport to the burial site. At the burial site, the llners may

be removed from the shield cask and burled. Some nuclear “
facilities also use large liners around which a disposable
concrete shield has been cast. With this type of container;

the liner andfthejshield cask are buried as one unit and thus

‘the 'shield contributes to the LLRW volume.

26.
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wvolume from all the llquid processin systems for a 1000 lWe PUWR

‘these values are ror unpackaged LLRw If a factor of 1. é is

-

LIQUID PROCESSING LLRW VOLUMES

In each of the previous discussione on liquid LLRY processin

systems, volume estimates were given for a 1000 IMie PWR nuclear

power plant. The values given were obtained by combining data

given in: Tfinal safety analysis-rcports for a typical 1000 Mie

PWR planrt; the proposed'standard oy American Nuclear Society

Committee YSS 1, draft 1 of ANSIJ4198 "Solid Radioactive Waste
Processwng System for Light Water Reactors"* American ‘Nuclear

Society Committee 155.2, ANSI—h199 "Ragioactive Waste Processing
SySten for Pressurized Uater Reactor™"; and from two NUS Corporati

(W0sTIBe)
surveys of ooerat;ng nuclear power plants. The estimated LLRV

(NU 1&“—)
plant ranges fron 0 100 to 10, 900 cubic feet per year. .However,

applied to tqe valucs to account for packaglng effects, the value
become 15, 100 to 16,400 cubic feet:of LLRW per year. . i

, The values listed in Table .3 are the- LLRU volumes from liqu:
waste processinv reported by St. Lucie Unit X and Crystal River
Unit 3. in their WEPY luent and Waste DiSposal Semiannual ﬁeportsw
These values. are displayed graphically in Figure 10.

The LLRU volume re Orfs_fnr Turkev P01nt Unlts 3 and U4 _did

not distinguish between l;guid;proceSSing LLRY and other types of

Because of this, all the data concerning the, Turkey Point plants
will be presented in the discussion on’ each plant‘s total LLRW -
volume history and volume projections. ‘ |

- Crystal River's 1iquid processing LLRW volumes decreased
from 9888 cubic feet shipped during the second half of 1977 to

7804 cubic feet during the last half of 1978, & level which is
- | . 28.







Table &4

’ ‘3 Liquid Processing LLRW Volumes
St. Lucie Unit 1
Reporting Period | " Volume(cubic feet) . %ogglpiigg‘%oll
/1776 to 12/31/16 . 860 287
© 1/1/77 to 6/30/77 . 689 T 153
- 1/1/77 to 12/31/771 . . 820 . 6%
1/1/78 to 6/30/78 : 3482 1y
- 7/i/'7-8 to 12/31/78. 7°77” _ 189
o .1/1/79 to 6/30/75 . 293 . 5%
: B 7/1/79 to 12/31/78 o 243 ' ' 5%
i . 1/1/80 to 6/30/8C ©- 170 - 3%

—————

Total to-Date 733L

Crystal River Unit 3 ' .
' g of Plant's

f Reporting p§r19d Voiume(cubic feet) d Total LLRW Vol
P 7/2/77 50’12/31/77 - - 9888 | ~ . 95%
A 1/1/78 to 6/30/78 9500 o 85%
2 9/1/18 to 12/31/78 - - 7804 o 594
To0 T 1119 0 6/30/19 12,784 | 58%
- 7/1/79 to 12/31/79 13,349 S " 623
@ 1/1/80 to 6/30/80 7981 . 53%

. Total to Date 61,306
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"Unit l are drabtlcally lower, than both Crystal River's yolumes

" however, the nuclear industry in the United States could not fing

considered avérage for a 1000 Mie PWR plant. However, in. the
early part of 1978, the Crystal River plgntndeveloped control
rod problems which resulted in steam gene}ator priméry to secondax
leakage. This increased the 1i§uid processing LLRV
volumes for 1?79 to ;ver 26,000 cubic feet for the year. The
LLRW volume for the first six months of 1980 show a decrease to
the level seen>prior to -the pontrol rod incident. As far as
future liquid processing LLRW volumes f{rom Crys%al River, it is
doubtful that there.will be any significant, long-term increase
in volumes as seen in 1979; however, it remains to be séen whethe]
or not the decreasing trend shown during the first 18 months of
plant operationlwill resume. For the purposes of tnis réport,
future LLRV volumeiproject;ons will be ba;ed upon 8000 cubic féct
semiannual}y or 1§,000 cubic feet per year of liquid pnocessing
LLRW fqom‘nysta; River Unit 3. ” |

The 1iquid processing LLR'"r nolumes shipped from St. Lucie

and volume est*maues given for a 1000 MWe PWR plant. St. Luc1e's
llouid process;ng LLRY volumes have been consistantly under 1000
cubic feet senlannually and recently gone below 500 cubic feet.
The- only exception to thlS was during the first half of 1978 when
the volume increased to 3482 cubic feet. It is beyond the scope
of this study to penform a detailed comparison of the St. Lucie

plant's liquid LLRW processing s&stcms"to other nuclear plants';

better plant to study and learn from regarding of liquid LLRW
processing. Volume projections for St. Lucie Unnt 1l and,- after

1983, from St. Lucie Unit 2 will be based upon 1000 cubic feet .

of liquid processing LLRW semlannually or 2000 cubic feet per yeg
31,




g

oS

-
’
[T
i‘- " ’.-_%

-_.
fized -
.

l‘_'__'.'r 5. 1_,‘. : Y

s

G el e el el et g

.valves, valve'parts,’ﬁiping, pump components, motors, hand too]
air lines, water hoses, ladders scaffolding, and ﬁood.l These

7p1ant' contamlnated areas ‘or on contaminated systems. The

LLRY annually-in a 1000 MJe PWR plan

" contaminated trash. Some typical materials and their uses whi

SOLID LLRE SOURCES

The solid LLRW generated in a zﬁslear power plant ca

divided into ‘three basic categories:  ‘ventilation Tilters, fail

or used equipmenggjand trash. Approximately 50 percent of a

—

plant's:total LLRW volume consists of these types of materials.
The ventilation filters are used to remove radioactive
particulates and airborne contaminants (primarily iodine

radioisotopes) from the plant's ventilation systems before rele

,.of the air to the environment. The filters are composed of a

———————— e

cellulose or charcoal filter bed in a wooden or metal frame.

Because of their construction, the filters are not readily subj

qu—— —r—

to volume reduvction techniques such as compaction or incinerat

Ventilation. filters, account for approximately 500 cubic feet o

(NLSTB)
LLRY¥. per year for a 1000 MWe PWR plant.

“

The failed and used equipment contributing to the LLRW

volumé is composed of a wide variety of materials- and sizes,

A cross-section of tnis material might include items such as

materials originate from or are used during maintenance in the

materials are normally not compactable or combustable. Failed

and used equipment accounts for an estimated 800 cubic feet of
S:NUS "lBo.«)

Contaminated trash makes up the bulk of the solid LLRW
generatedzin a nuclear power plant. It is. estimated that almo

90 percent of a plant's solid LLRV volume is composed of

32.
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spolyethylene sheeting

. ‘ *polyethylene bags

»disposable protective

. e¢Yothing

+ sWOorn-outc reusable

protective clothing

7N

-respirator filter

cartridges

:"‘. : -wiping rags and mops

All of these materials are dirédtly related to the protection’of

. plant personnel from the radioactive contamination present in-

contamination, control of areas and equipment, the materials

provide the only barrier between the plant personnel and the

for area and equipment decon-

the workplace. Whether the materials are used directly by
‘Jr‘ : .{:. -‘personnel, such as p}otective clothing and respiratory equipment,

or benefit personnel indirectly, ds with materials used for

to cover areas, equipment, and
construct tents for contamination
control;

to contain contaminated waste,

tools, and equipment for contaminec

control; -

for personnel protection against

contamination;

for personnel protection against

contamination;

for peéersonnel respiraéory
protection;

-

tamination.

[}

contamination hazards inherent to a nuclear power plant. The

—_———

—_—_—

—

majority 6f the contaminated trash volumc is Sath compactable

———

and combustable. Contaminated trash accounts for an estimated
’ 33.
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_ installation, FP&L conducted a test of the compactor in which

, . (NS 18e)
10,700 cubic feet of LLRW per year in a 1000 MWe PWR plant,

VOLUME REDUCTION OF SOLID LLRW

The predominant method used by nuclear power .plants in the
United States to reduce solid LLRY volumes is compaction. ‘
It is estimated that 66 to 80 percent of the solid LLRW generated
in a nuclear plant is compactabls?sjzal of the nuclear plants in
Floricda use cbmpactors to reduce the volume of solid LLRW pfior
to shipment fdr burial. The type of compactor in use at St. Luecit
Unit 1 or Crystal River Unit 3 is a 55~gallon drum compactor
similar to the one’ shown ih‘Figure 11. A drum compagtof such
as this will give a uncompacted to compacted volume ratio of -

. (Mus=9) - .
about 2.5 tc 1. The Turkey Point nuclear plants use a box

compactor for volume reduction of solid LLRW. A box compactor

qama—

domppesses meterial into a 110 cubic foot plywood or metal box
vith a force of more than 82,000 pounds. The compaction ratio

for this type of compactor is about 4.5 to 1. Turkey Point's

box compactor was installed in June, 1980, so volﬁmé reduction

from it will not be noticible until 1981. At the time of

material which had been compacted with a @rum'compactor-was
recompacted in the box compactor. The box compactor.achievéd
an additional 37 percent decrease in the volume of the material.

Compaction of solid LLRW into boxes instead of drums also provid

more efficient use of storage space. Storage of drums wastes 40

pé;;ent of the total storage space volume (e.g. 12 cubic feet of]

storage space is needed to store a drum having a volume ,of 7.3

.
~
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cubic feet). FP&L will also be installing a box compactor at the
St. Lucie plant in the near future.

Most of the solid LLRW generated in a nucleer plant is
generated by plant perconnel during the performance of their work.
Because of this, it is important that the plant personnel have an
understanding of the_problems racing nuclear power plants in
regard to LLRW and know How to keep the amount of LLRW generated
to minimum. FP&L and FPC both provide some amount of LLRW training
to personnel.  The traiq;ng-given tq FPC employees stresses
keeping all unnecessary materials out of contaminated and
radiation control areas where it might become contaminated and bé
processec as LLRY. FP&L's generai employee training on LLRW ’ |
inciudes: FP&L burial allocations at Barnwell; regulations on
LLRY handling, transpcrt and disposal; discussion on keeping
unnecessary materials put*of areas where it could be processed
as LLRW; nuclear'housekeeping practices; and proper decontaminatiorn
techniques. I? is not possible to measure the'amoupt of volume .
reduction achieved through progrems such as these; howecer, the
training does increase employee awareness of the.LLRw problems
which benefits the utility. ‘

There are some work practices followed cy the FP&L and‘FPC
nuclear power plente which also help reduce solid LLRW volumes.
The practice of keeping all unnecessary materials out-6f areas
where it might end up-as solid LLRW was previously mentiened.

An example of this practice hocld be uncrating equipment outside’
of the plent‘s radlation control area to keec the containers and
packing materials from eventually being processed as solid LLRV.

Another plant practice which helps reduce LLRW "volumes Js good

housekeeplng. If arcas are contaminated, they require protective

36

hd -
o= =
- Mah B A n e 0 an Acaad ng o o ki adessan B . - " . - 1




[




clothing for access which adds to the LLRW volume,

Nuclear plants are_also discontinuing the use of disposable

protective clothing wherever possible and are substituting
—_— 7 :.". -': . . ( ~. '.0: -

-

reuseable protective clothing. R '
g The '‘possible use of(jncinerezo;sjyo reduce solid LLRW

volumes is also being studied by FFP&L and FPC as a part of
The section on volume reduction

their LL 4 managemcnt studies.

systems discusses~one type of incinerator available.
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first half of 1978, 1979, and 1980. During each-of these

SOLID LLRY. VOLUMES

The average volume of solié LLRW gencrated in PWR plants is
about 8800 cubic feet ‘per yeé§?°1?nls figure includes both
compactable and noncompactable LLRY. The values listed in Table
4 are the solid ﬁlRw.volumes reported by St. Lucie Unit 1 and
Crystal River Unit 3 in their "Effluent and Waste Disposal
Semiannual Reports" These values are displayed graphically in

Figure 12. The Turkey Point LLR volume reports did not

distinguish solid LLRY volumes from liquid processing volumes.

e

All the data concerning the Turkey Point plants will be presented

in the discussion on the plants'-total LLRW volume,history and

.- volume projections.

Tﬂe solid LLRW velumes shipped from St. Lucie Unit 1 have
been slowly increasing since initial startup. The-oleilarge
increase in voluhe vas during-the second half of 1977 when over |
8000 cubic feet of solid LLRW was shipped for burial. _That large
increase was due to redifications on the plant's?speht fuel racks
The old racks shipped for burial accounted for 5763 cubic feet.
Had the modificatlons not been necessary, the solid LLRW volume’
would- have been about 2400 .cubic feet for that period (shown by
broken line on Flgure 12). One factor which affects the volume
of solid LLRW generated by a nuclear plant is outage or ehutdown
time. When a plent is shutdown, the amount of maintenance
performed increases draméiically,inéreasing the solid LLRW

volume. St. Lucie Unit 1 was shutdovn ror refueling and

malntenance activities for a.period of 6 to 8 weeks during the

38.




f ’7 N _ Table 5

| - ' Solid LLRY Volumes
{ . St. Lucie Unit 1 : B .
[ ‘ ' Reporting Period i Volurﬁe(cubic feet) g‘ozglpiiﬁ\g’solum
| ,
1/1/76 o 12/31/76 2190 .72
1/1/77 to 6/30/77 © 3709 80g .
7/1/77 to 12/31/77 s :  og
1/1/78 to 6/30/78 o 4909 ‘m" 59 %
7/1778 to 12/31/78 3461 . | 1824
1/1/79 6 6/30/75 5686 | - 95%
7/1/19't0 12/31/79 4661 . - . 95%
L 1/1/80 to 6/30/50 . 6215 _ : 97%
*= 2 ‘ Total to’ Date 38,972. o
) - @ Crystal River Unit 3 . . T ' .
. B Reporting Per-iod‘. . Volume(cubic fee'ti gogglpiiggi\sfolum
7/1/77 to 1273177 530 - . . 5%
1/1/78 to 6/30/78 . 1gko . . _-15%
7/1/78 to 12/31/78 . .s190 . 39%
. 1/1/73 to 6/30/79 . - .e39% . Hhag
ST a9 vooxes3as7e o TsesT L 3g
@ 1/1/80 to 6/30/80 - 720k . 73

. Total to Date 32,020
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the St. Lucie plant will. be about 5000 cubic feet semiannually

a box compactor and the extended fuel cycle could reduce that

’generated by St. Lucie Unit 2 after startup in 1983

‘month period covered by Figure 12, the Crystal River'plant was

;perio@s there vere increases in the solid LLRV volumés shipped

for burial. °‘FP&L estimates that LLRW volumes increase as much

as 32 percent per month during shutdown periods. It follows that
-
if a plant can decrease the amount of shutdown time the volume

e
of solid LLRVW will also decrease. In the near future, the St. Luec:

ammmam——

plant will Be converting an 18 ﬁonth fuel cycle instead.of their
present 12 month cycle. That means a refueling shutdown will .
only be requireéd about every 18 months. _FP&L estimates a 10
percent reduction in St. Lucie's LLRW volumes because of the
decrease in shutdown time resulting from the extended fuel cycle.
The installation of a box compactor will also help reduce solid
LLRV golumes at‘the $t. Lucie plant. As’ much as a 37 percent
decrease in the volume of compactable'LLRW will: be achieved by
use of the box compactor. :

If the onrﬁod from July 1978 to July 1980 is used as a

baseline for projections, the volume of solid LLRW generated b&

or 10,000 cubic feet per year. The volume reduction effects of
volume to as low as 2800 cubic feet semiannually or 5600 cubic

feet of solid LLRW per year. Similar volumes should also be

The solid LLRW volumes reported by Crystal River Unit 3 do
not display the consistency seen in the values reported by
St. Lucie. The reason for this is the amount of time Crystal Riwvq

has been shut-down for repairs and refueling. During the 36

shutdown about 40 percent of the time. That has.had a major

1mpact on Crystal River'" solid LLRN volumes. Dufing the last 12
4.
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. months the voiume of solid LLRY being shipped has been steadily
ng decreasing. Except for minor f{luctuations, the decreasing
. . trend should continue to a level similar to St. Lucie's current

generation rate of 10,000 to 12,000 cubic feet per year.
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VOLUME REDUCTION SYSTEMS

In the previous discussions on volume reduction of liquid processing
and solid LLRW, it was mentioned that FP&L and FPC are investi'gating the .
possibility of using volume reduction systems in the future. Thére are
several volume redpctioh processes currently available for use in nuclear
power .plants., ' N

The volume reduction systems currently in use are: incinerators,
fluidized-hed dryers, bitumen systems, evaporative crystallizers N anci high—-v
pressure compactors. 7 |

Incinerators

Incinerators a}='= used to reduce "the volume of conhustible. solids.
There are several .fuel-fabrication facilities and laboratories in the United
States which have used incinerators to pmness LLRW for several years.
Incinerators are also used in many other countries for LLR‘J applications.

A example of zn inc..nerc.tor used in a cormPrcial nuclear power

plant is the Trecan incinerator vhich is operated by Ontario }Wdro of
Canada. 'The Trecan 1nc:!.w=rator is a 'starved air? batch—type which uses
two co-nbustion charbers., Figure 12 is a simple diagram of the ’.I‘r*ecan model.
Tne combustible LIRS enters the prirrary chaxrber and is pyrolysed at temp-
eratures up to 1100 degrees Fahrenheit. ‘The offgases from the primry
hchamber enter the éfterburner chamber where they are burned at tenperacures ‘
up to 1800 degrees. 'Ihe flue gases are processed through a heat exchanger
for cooling and then d baghouse filter unit. The Ontario Hydro :mcinerator l
can process batch loads of LLR4 up to 700 cubic feet. 'The burn cycle for
each load ranges from 30 to 60 hours. The v'olume reduction (including
packaging effects)- achieved by this incinerator is about 25 to Ié “;lthougq
. some manufactures clain} to. obtein as high as a 40 to 1 volume reduction .
ratio. E L o

in 1978 the Ontario }Wdro ope”ation processed over 65 000 cubic feet
43.
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of ILLIW. That in\(olved an average of two burn cycles per week. Thé total
activity releascd out of the stack for 1978 was 2.8 millicuries of iodine-131
a‘nd: 2.1 millicuries of particulate radionuclides .(m?tbshou?.d be noted
however that Ontario Hydro limits the radiation dose rate of the materials
to be incinerated to 5 millirem per hour. During 1978, the incinerator
requlred 10 ,311 manhours of mechamcal naintenance 4054 manhours of control
mzintenance; 7500 marhours of technical suoport- and 750 nanhouro of
supervisory support. The incinerator was snutdovm for maintenance about

| 39 percent of the tlme The total coet for _1978 to operate the incineration
facility and a compactor was $2,3_35,in0 (Canadian dollars). _'Ine incine;:ator
started cperation in 1977. During the first two years‘ there were unexpected

) provlems and a s.lgn.fican.. amount of testin- involved with the operation.

tario Hydro expects the perfor'rance of the Trecan wnit to :improve greatly

CIR VI
in future years,

T

High-pressure Compactors

_ Another volume. reduction s'ystem used for processing solid LLRY is -
the high-pressure corrpact_or. This conpactor will prov:fde a volume reduction
ratio of about 4 ,to J?.NS;;;)t conpactor' used in nuclear power plante today

have about 2fto 1 ratj‘.os. The box coxr;)actor~ which FP&L is installing at
their plants are bigh-pressure compactors. ‘ ,

Evaporatlve Crystalllzers

Evaporative crystallizers are basically a very efficient evaporator. -
’i’ney will concentrate boric acid solutions up to about 50 percent SOlldS
by welight, where as a typical nuclear pofler plant evaporator achieves only,
about 12.5 percent solids by weight. After solidification and packaging “
of the LLRJ, an evaporatlve crystallizer will reduce the volume of evaporator

(NU.) 72\\')
concentrates with a ratio of about U to 1. -

Fluld:.zed-bed Dryers(Calciners)

A fludlized—bed consists of inert partlcles whlch are cont:muouoly
s,
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agitated by a stream of hot air in'a vertical chanber. 'lypically,

concentrated liquid solutions such as evaporator slur'ries are sprayed onto

the bed, where the liquids are evaporated, leaving the solid particles to be

solldified ard discardea. ¢ After packaging, calcination of evaporator

(NLSIEY .
slurries can give a volume reduction ratio of about 5 to 1.

Fluidized-bed techniques can also be used to incinerate conmbustible
sc;lids as well as evaporate 1iquids. ‘Cur':'ently, two corrbined. calcination/
incine;ationnsystems are being marketed in the United é‘cates. A flow diagram of
the Rewport News, Industrial Corp. RYR-1 system is shown in Figure 13. This
system can process denfmeralizer" resins, evaporator siur'ries‘ and conbustible
solids. All processed nater..als are reduﬂed to an anhydrous granular solid.
After the nmterials ars precessed at temerauur'es from 750 to 1800 degrees
Fahrenheit, the: solid residue is removed by a dry cyclone, then soligdified
and packaged. The offgases i'rom the system are processed through a venturi
scrubber, condenser, demister, iodine filter, and several particulate
filters before bein'f vented. The calcn’ﬁer/inciner*ator systems achieve a
volume reduction rat:xo after packagmg, of ebout 5 to 1 for evaporator

(e 394

slurries and about 40 to 1 for conbustible solids.

Bitumen Systems:

Volume reduction with bitumen systems is accomplished by introducing ]
conceqtrated liquid solutions into hot mol‘c‘em bitumen. The heat from tﬂe
bitumen drives off the excess water and the solids ave retained
in the bitumen. The bitumen mixture is then ezctruded into containers for

shipment.

Bitumen systems originated in Furope and have been used there for

several years.. As yet, there are no bitumen systems in use at commercial
nyclear power plants in the United States. Figure 14 siuows the basic
arrangement of ‘a Werner & Pfleiderer Corp. bitumen system. Bitumen s"ystems
havc the advantage of providing volume reduction and solidiflcatlon of LLRY

46,
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ratio of about 5 to 1 for LLRW such as evaporator slurrle

In Table 6 the effect that these volume reduction systems
can have upon the anntal LLRW volumes of a 1000 Mie PWR is
illustrated. Although a high degree of volume reduction is
achieved by these‘systems, they .are not without problems.

Installation of .a system such as an incinerator requires

ap— ———

engineering design reviews, existing system changes, and pqssibly
construction of a structure to contain the system.' Along with
‘this tﬁere are NRC and other agencies which must reQ;éﬁ the
proposed sy&tem and'plant modifications. The sysfemg ére
e?pens;ve to purchzse and_operateﬁ dgpending upoh the volume of
LLRw=to be processed, it‘may not be economically feasible for

a utility to instail a2 volume reductio; syspem without,tgx

incentives or elecitrical rate increases. Even if all the.problems

are resolved and the system installed, the increased specific .

activity of -the LLRW can produce radiation shielding problems

for the plant staff and personnel at the burial grounds, and

——

could possible increase the alpha radionuclide specific activity 4
— \

a level which wouid not be acceptable at some burial grounds.

P—

" A1l in all, there are many things which must be considered before

ins%alling 2 volume reduction §ystem.
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Table 6 -

Effect of Volume Reduction Systems on a 1000 Mie FWR's Annual LLRY Volume.

“ Shipped Waste Quantity(Fackaped) '
Generated. - High

Waste © Qurrent Evavorator  Pressure Calciner Incinerator/
Quantity Practice Crystallizer Cormpactors Bitumen with Incinerator Calciner
(Unpackaged) (a)  w/ Cement . (b) - Systems Cement with cement with cement ,
lant Description ° - . . : s
FVIR with Deep Bed
" Resin CPS System
 Volume: £t3 22,080 - 31,650 20,120 . 23,250 17,670 18,610 " 21,010 4250
. Packaging, Factor 1.00 1.43 - .91 1.05 .80 .84 .95 - .19
" BiR without” CBS - 22,920 32,880 21,350 24,80 18,510 19,840 21,960 4o
. Volume: ft3 C : ‘ ‘ . T
Packaging Factor 1.00 1.43 .93 1.06 - ..80 .86 .95 .19

b4 . (
(a) Under current practice, the waste 1s packaged without volume reduction processing.

(o) A packaging factor of 0.25 has been used for packaging of dr'y bulk solid wastes with high pressure compacto
CPS = Condensate polishing system.

wesmre e - o

Taken from NUS78b




_Recognlzing this potential problem, FPC and PP&L are conductlng

is approximately’ 860 ‘cubic feet for LLRY for items such as

For LLRW such as compacted trash there is about 8060 cubic 63

a maximum of 100, 000 cubic feet of storage for demineralizer

- resins, evaporator concentrates, and filters. 1In contrast to

ONSITE LLE< STORAGE

Each oﬂﬂthe\nuclear power plants in Florida has storage

» ma—
T

space set aside for short term storage of LLRW. The 'storage

space is used primarily to hold LLRW until such time when it can

be'shippedffor burial. In the event of a, shutdown of one or more

—

of the burial groqui_igithéuﬂnétpdeﬁtatesi the amount of onsite i@

storage space available as the plants would be critical. ¥

7

studies to determine how much onsite storage space 1s needed to
overcome any short term shutdowns of burial sites. -

The onsite storage available at FPC's Crystal'River Unit '3
denineralizer resins and filters. These areas require shielding.

feet of space'available. This amount of storage space at the very
best, would only holé& about 4 months vorth of Crystal River‘s LLRU

FP&L's Turkey Point plants have about 10,000 square feet of

d .

floor space available for LLRW items that require shielding, thus

the. Crystal Rlver plant Turkey Point plants store thelr

. a——

compacted LLRW outdoors. In the event of a burial ground shutdown

Turkey Point's major concern would be prov;dlng a storage . building
for the compacted trash to prevent any deterioration of the

containers due to-weathering. _
FP&L's St. Lucie plant has about 250 square feet of floor @
space available for that LLRW requiring shielding and about 800

more feet of floor space'for:compacted trash. These arcas would

_ 51.




- provide a maximum of 2500 cubic feet of storage for filters,
@ ) demineralizer resins, and evaporator concc.:ntrates, and 8000
. cubic feect fbr storage of compacted . trash. Under ideal
. . conditions, this Vould hold about 10 months worth of St. Lucie's

LLRW.
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lagainst inadvertent éiolations‘of packaging and sbipping

‘control program. Both FP&L and FPC-have fulltime LLRW manageme:

LLRWY MANAGEMENT AND QUALITY CONTROL

The number of regulations and guldelines governing the
packaging and shipping of LLRW is staggering. The NRE, the
Department of Transportation (DOT), and the invididual burial
grounds 21l have specific reouirements to be followed for ship;
LLRY. Attachment 2 is a.flowchart on shipoing LLRW from a
nuclear power plant. The complexity of shipping LLRQ compels
utilities to have a LLR# management staff cogniéant of all

current and proposed regulations. As an additional check
regulations, nuclear pover plants should have a LLRW quality

staffs and quality controliprograms at their nuclear power plant

FPiL has one individual on the corporate stalf and one at

P

each of the nuclear plants whose’primary responsibility is LLRW

management. The LLRY manageﬁent‘staff is-assistediby other

W - ] £
department managers who also have LLRW responsibilities. The LL
quality control program at the FP&L plants covers certification
of shipping containers, inspection of transport vehicles and.
inspection of vaste packaging and . loading operations,

FPC's LLRW management staff includes seven individuals at

.the Crystal River site and one person on the corporate staff.

The LLRU .quality control program at the Crystal River plant cove;
wastewater movements, water chemistry, radiochemistry analysis,

and certification of LLRVW shipping containers.
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‘ LLRW VOLUME HISTORIES AND PROJECTIONS

€§? The volume of LLRW shipped by the nuclear power plants in
‘, Florida for each operating year.is listed in ‘Table 7. To date,
‘the plants in Florida have shipped over 391,000 cihbic feet of

LLRW for burial. For perspective, this is about the size of

a residential lot 200 feet x 100 feet stacked to é height of-
20 feet. Turkey Point‘Units 3 and U sﬂipped 6l pepcent of that

volume, 12 percent from St. Lucie Unit 1, and‘2u pércent from

Crystal River Unit 3. The Turkey Point plants accout for a

large percentage because of the longer operation time' (since
’-’———f

1973). and the larger electrical generation capacity (1455 I¥e

————

cqmbined).‘ For thisxreason, it is more realistic to compare
LLRY volumes in terms of cubic feet per.kWe. Figure 16 shous
the c.ubic I"eet generated per ‘Mle for each of the nu-c'lear" plants
... in Florida. St.irve:.'s of .operating PW‘R ‘nuclcgar power p.lan‘cs' in
the United Statés show an averagerLLRw'generation rate of 21.5

. {nUST9) ' o .
cubic feet per iMJe. " Since 1977,; the four nuclear .power plants

in Florida have averaged 25.5 cubic feet of LLRW per Mie.’
The LLRW volumes listed in Table 7 and volume prbjections

‘for each plant are diéplayed graphically in Figure 17. The

LLRW'Qoiume projections for Crystal River'Upit 3 are based-upon"
;« Qgh " the generation of 1liquid processing LLRW continuing at the

current rate of about 16,000 cubic feet per year; and an

anticipated decrease in solid LLRW generation to about 10,000

cubic feet per year. The decrease. in solid LLRW volumes should
: gy

be brought about as the plant's shutdown time per year lessens.

e S

Because of the Cryéﬁal River plant's short opgrating.history and

. the problems g}hich have caused a large amount of shutdown ’Ez:ime,

5.
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' Table 7 .

LLRW VOLUMES FROM NUCLEAR POWER PLANTS IN FLORIDA

»

PLANTS MWe 1973 A% 1974 % _1?75 % 1976 s 1977 § 1978 % 1979 % 19801- Y TOTAL "L
Turke}; Point {L456]182001100 15,900‘ 100 |31,400]10050,725{94 |37,710}61]62,032]63132,483137 |]L3,060 38 || 251,510
Units 364 . -
St. Lucie 810 3062}-613,576}22{12,636(13{10,884{13 63851{18- 46,543
Unit 1 .
w Crystal Rivey 797 - . ) . ’ 10,418|17(24,271124}143,613}50]15,185}44 93,407

i Unit 3

TOTAL 30638200 15,900) . |31,400 53,787{ |61,704] }os,939] |g6,930| 34,610 ITIYS

1Dat; for 1980 is for January to July only‘

Taken from FP&L and FPC "Effluent and Waste-Disposal Semiannual Reports"

.
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CUBIC FEET OF LLI

Figure 15.° Cubic Feet of LLWR per HWe versus Yeaf.

0 — CRYSTAL RIVER UNIT 8
A - TURKEY PONT UNITS 8 & 4

O - 8T. L 'CKE UN!T 1

3
-,

W per MWe

AR R P U M '1
1973 1977 1881

*Note: 1980 values are two times the Jan. to July values.
**Typical 1000 lMWe PWR.
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A - TURKEY POINT UNITS 3 & 4  f1- CRYSTAL RIVER UNIT 3 0 — ST. LUCIE UNIT 1
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Figure 16, Nuclear éower Plants in Florida: LLRW Histories and Volume Projections.







'be generating about. 16,000 cubic feet of LLRW per year.

" in 1978 The high volumes seen in 1976 and 1978 were due to

it was assumed that 50 percent of Turkey Point's LLRW volume

it is very difficult to make accurate long term projections.
Disregarding any significant problems in the future for Crystal Ri
26,000 cubic feet per year should be a reasonable upper limit -
estimate for LLRW generation. .

- St. Lucie Unit 1 has consistantly generated from 10,000
to 14,000 cublc feet of LLRW per'year: Projections for the
St. Lucie plant are based.upon a continuation of the 2000 cubic

feet or less of liquid proceSS1ng LLRW per year, and a decrease

‘in the current average solid LLRW generation rate of 10 ,000

cubic feet per year to about 6000 cubic feet per year by .1982.
The anticipated decrease is due tc the use of a box compactor
and the l8 month’ fuel cycle. The increase shown .for St. Lucie
in Figure 17 for 1583 is due to the startup of St. Lucie Unit 2.
Unit 2 is of the same design as Unit 1 and should generate a
similar amount of LLRW. The startup.of St. Lucie Unit 2 could

be delayed somewhat; but, by 1985, the St. Lucie plants should

The-LLR” volume history of Turkey Points Units 3 and 4

—

has been somewhat erratlc,‘reaching as high as 62 000 cubic reet

———

—

gy ¥
———

extensive maintenance activities and were not used to establish

a baseline for projections. The LLRW volumes from 1975, 1977,

e

1979, and the first half of 1980 yielded an average volume of

about 32,000 cubic feet per year. Projections were based upon

this value; the effect of Turkey Point’s box compactor, and the
steam generator replacement outage scheduled for October 1981

through June 1983. In -calculating the effect of a box compactor,

%

i

was compactable. I'P&L estimates that an additional 37‘"UU*cub1c

58.
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feet of LLRW will be generated during the steam generator work.
If that volume is distributed proportionately over 1981, 1982;
and 1983, it would increase Turkey Point's LLRW volume by 5000,

*

21,000 and 11,000 cub@cAfeet, respectively.
. In Figure ‘18 the data and projections of Figure 17 are

combined ﬁq show the*fotal volume of LLRW shipped from tpe

nuclear pover pldntsl;n Flériah_from previous years and the

.

«. anticipated volumes through 1985. _ )
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Figure 17. Nuclear Power in Florida:

Total LLRW History and Volume Projections.
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CONCLUSIONS

It 1s a fact that nuclear power plahts generate LLRW. To

some extent the volume df LLRW generated can be controlled;

hdwéver, situations do arise in which the LLRW volumes increase

as’a result’of maintaining the operation and safety of the
plant. The nuclear powver plantsl@n Florida have had in the
past, and will have in the future, times when LLRW volumeé
increase. ‘The reasons for the increases are relatively shor?
term problems whihh do ngt resuit %n iqcreased leveis through-
out the operatiné histofy of the plants. Overall, the‘LLRﬁ -
volume.frqm Florida's nuclear bower plants is decréasing._ By -
" 1985, the volume should Qé 1owér than in:i980? even with an

additional power plant operating.

“Smea
L=y
¥

FP&L and FPC are interested in maintaining the LLRW"

volumes -as low as possible. This 'is shown by the existence of

their LLRY management staffs; the LLRY training programs; and

the inplant LLRW management Studies being conducted by the -

utilities. _ .
» In planning for the future eaéh of the'utilitiés ﬁs

am -‘Q‘ 1"looking at the feasibility of volume reduction systems. Th¢~

' systems available can reduce LLRU volumes to a fraction of the
Wcurrent levels. What these systems cannot do 1s reduce the

- amount of radioactive material contained in tl;ose volx.zmes.) The

quesfioned to be answered for the future is how much time and

P

money . should be expenéed to place the same amount of radio~

e sl

activity into a smaller space.
———— et S v 0 % 8 ......_____-;“-_'-‘..“ —ea—
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ATTACHMENT 1
Questionaires and Responses on LLRW
from

Florida Power & Light Company

t and
Florida Power Corporation
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3 . LLRU PROJECT
) Nuclear Power Plant Questionaire
Florida Power & Light

I. Radioactive waste volumes

1. List the radioactive waste vo]umes generated, for each FP&L
nuclear site, during each six month period of operation.
List the data for each of the following categories:

1. Spent resins, filters and evaporator bottoms
2. Compactable and noncompactablie trash(LSA)
3. Irradiated components
Note: Copies of data ‘from the plants’ semiannual waste
disposal reports may be .substituted.

2. Estimate the radioactive waste volumes (LSA and 1rrad1ated.
components) that will be generated during Turkey Point's
. steam generator replacement outage. Include anticipated
_start/stop dates for the outage.

3. Will the radiocactive waste volumes generated from the
St. Luciz Unit 2 plant be similar to the past history of
St. Lucie Unit 1?7 When 1s the anticipated start up date for.
Unit 2.

“II. VYolume reduction'

1. Enclose any copies of FP&L policy statements issued regarding
volume reduction of radioactive waste. .

2. Briefly describe the training given to radiation workers -
- as to how they might reduce radiocactive waste volumes.

(or 1bs. of force) for the equxpment in use at the FP&L

:'ji o 3. List the, types of compactors and the compaction ratios
:} p]ants.

3 ' 4. Estimate the amount of vo1ume reduction, if any, that is
attributable to the.18 month fuel cycle.

5. Describe any future plans of FP&L which will lead to a
reduction”in the radioactive waste volumes belng generated.

6l.
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e III. Miscellaneous ' ' o | - "

»

s— '_ 1. Bmeﬂ_y describe the quality control steps in use dumng the -
processing and shipping of radioactive waste.

.j . 2. Estimate the amount of on-site storage available at each s1te
- ‘ for LSA and high-rad type materials. Does FP&L have any
plans for increasing the amount of storage available on-site? -

. 3 How many individuals are. envo]ved in radwactwe waste
. < management at the corporate level and’the operatwna] level?’

‘
‘
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UNIVERSITY OF FLORIDA
LLW PROJECT .

LLY Volume

Copies of Turkey Point 3 & 4 anqut. Lucie 1 Solid Waste Disposal Reports
are provided. Thais data is submitted to the NRC-semiannually.as paﬁt of an
ettluent and ﬁaste disposal report. The period covered by this data'is

January 1978 through June 30, 1980.

— —— — — - — - -

The anticipated dates for the Turkey Point steam generator repair outages
are as follows:
Unit 4 Oct. 81 - June 82

Unit 3 Oct. 82 - June 83‘

.
-

lfe estimate the total additional LLY generated as a result of bpth un?t

steam generator repair outages (e.g. 13 months) will be as follows:

Dry compressible waste,‘cqntaﬁinated equipment etc. - appro*imate]y'

26,000 ft.3

11,000 ft.3

- approximately
. M

Spent resins, filter-siudges, etc.

———

-These estimates include approximately 1620 ft.3 of concrete per uni§ which

will be removed from the containment internal walls and floors as.discussed

66.




| ' in FPL's Steam Generator Repair Report, Turkey Point 3 & 4 but is exclusive

‘ " of the steam generator lower assemblies themselves.
- St. Lucie, Unit 2 Start-up
| 623 e anticipate waste volumes generated from operation of St. Lucie, Unit 2

to be'simi]ar to the amounts which we will be generating at St. Lucie 1 at
the time St. Lucie 2 becomes operational.” Our current anticipated startup

date for St. Lucie, Unit 2 is early 1983.

Radiation Worker Training

» —ie

| Personnel who will be working within a radiation controlled area, (RCA)
"“%. receive extensive traim‘ng-inv health physics and radiological control

practices. At Turkey Point 3 & 4 neu ‘employeas, contractor personnel and:

s,

visitors with duties in the RCA are given 16-24 hours of training. -

 Additionally, £-10 hours of requalification training are given at two year
intervals. At. St. Lucie initial training consists of 12 hours and

-t .7 requalification training consists of 4 hours.

I'4
Fy

N *
-l e

A bortioﬁ of -each worker's initial & requalification training is dedicated
* to radioactive waste management. The trainingiis designed to "heighten

avareness and pr&duce results with 'respect to overall better individual

waste management practices. More specificé]]y each worker is instructed

and advised in the following areas:

67. -
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. The Barnwell, S.C. volume allocation plan and what §£ means to Florida
ik . Power & Light Company.

v « »

Regulations -and re;trictions that govern the handling, transport and

- A

o<

disposal of low level radioactive waste.

«

é

; The individual as a contributor to the generation of radiocactive
wastes. ' His responsibilities for continuously striving to minimize the

’ . . amount of Tow level radiocactive waste that he or his co-workers

L)
~

generate. . “ ' :

Jow smo w

Plant administrative procedures and policies for materials control -

-
@ ———

aﬁz . within the RCA which are designed to minimize LLW generation.

g ) : . .
e o - | - .
.' The “importence of good nuclear housekeeping practices ' -

1 : : Proper decontamination techniques. and controls.
2 31, *+ In addition to the above formal training, frequent discussions of radwaste
A management related topics are held with all FPL workers: during monthly

B
. = . )

%

o , safety meetings. -
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LLY Volume Reducing Compactors

(-

. . Currently at Tdrke_y Point 3 & 4 vie are employing a CGR box compactor. The
| CGRﬂcompactor packages both compressible and non conpressible LLW directly
\ ) into a 110_ft.3 LSA box.- The unit develops more than 82,000 ibs. of

downward force resulting in an overall compaction ratio of approximately

(%? ) 4.5:1. ﬂ

I

At.-St. Lucie we are p]gnning to -procure a CGR compactor. The unit

currently in use is a'drum compacto}‘réted at 25,000 1bs. of force.

»

z { _1 The per month quanutty of LLW generaued during normal plant operat1ons is
% " aop"ommate]y 32% of that.which is genérated dumng an outage, therefore;

)
it can be ca]cu?ated that the extended fuel cycle at St. Lucie can result

in reductions of iLHﬂby_approximate]y.10%.

_ Future Plans_for Volume Reduction

“FPL .has already taken several pos1t1ve steps. towards achlevung vo]une

reduction in LLW. At each nuclear plant, a rad1oact1ve waste coord1nator

has- been assigned to directly superv1se the act1v1t1es associated w1th
radioactive waste management. Plant and cgrporate waste management reviews

viere conducfed: FPL promptly instituted administrative procedures,

69.




material controls, and training; all designed to heighten awareness and
achieve an end result of reducing LLY generation. A consultant wes
retained to study low .level solid waste operat1ons and make specific

recommendations regarding rad1oact1ve waste management practices.

With an eye towards the future, FPL assembled a project group to initiate a

study coucerning the feasibf]ity of employing high technology volume

-
. reduction equipment (e.g. incinerators). The study is scheduled to be

—

completed in approximately one.year.

Quality Control

FPL has in force arnumber of QuaTity_Coutrof checks associated‘ﬁith»

proceséing and shipping of'radigaetive:waates, ‘ .

Quality Cortro] is a»h1eved‘1n proc9551ng an shiéping of LLW by the direct

participation of p]ant health physwcs porsonrel in the pacPag1ng and

Toading of rad1oact1ve wastes. MWaste containers are certified pr1or_to use

to 1nsure they conform to app]wcab]e DOT, HRC, and burIa] site regulatony '
' requmra1°nts. Transportation vehlcles and containers are given arrival

inspections. Numerous QC checkpo1nts are conducted during laoding and

'again prior to release for transportation to verlfy that regulatory

requirements and good practices are all being adhered to.

On Site Storage

FPL's two nuclear plants are limited with respect to storage, facilities for

LLW. At Turkey Point 3 and 4 a radwaste building contains an area of

70.
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_approx1mate]y 10 000 square feet in which storage of high activity LLN is

suwtab]e. Outside and adjacent to the Rad Waste Building, a fenced area

———
e T

serves as a place in whvch low act1v1ty LLW is placed wh1]e awaiting
—_ ] CTTEmmTT TS

shxpment.

a——— - —

At. St. Lucie, facilities are even more limited. An area of approx1mate]y

250 square feet is suitable for storage of high activity LLW. An

' ado1;10nal area of approx1mauely 800 square feet could be used for other

Tow activity LLW storage.

FPL plans to construct a facility at Turkey Point and St. Lucie which will

be suitable for temporary storage of low dose rate LLY containers in the .

—— »
e ——

event it becomes necessary to retain the LLY at our sites. <

-

In add1t1on FPL p]an; to .arther study the LLH on Site storage issue with

respect to long range planning. This s»udy is expacted to.be conp]eued 1n

approximately one year.

LLY Management - .

«

The Héa]th’Physics Sﬁpervisoﬁ:éqd Radwaste Coérdinator at each nuclear
plant have direct and day'to day responsibility for supervising and
manéging radioactive waste operations. In addition, the Operations ‘
Superintendenté Enq Plant Manage;s have management responsibilities in the

managemment of radioactive wastes.

7.
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] ) Within FPL's General Office, the Corporate Health Physicist and Radwaste &

629 Radiochemistry Specialist have day to day activities and responsibiities in

}. radioactive vaste .managem'ent. The Manager Power Resources, Nuc'!ea'r, ,

3 Assistant Manageﬁ Power Re;purces, Hué1ear; and Power Resources Department
Head each have Direct management responsibilities associated w{th the

z%g, '. | m§nagement of rqdioiciive waste at the Turkey Point 3 and 4 and St. Eucie

Plants.

Lot

" L-ﬂ-u ‘; L‘b‘-—d i;hu‘
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LLRY PROJECT
Nuc]ear Power Plant Questionaire
Florida Power Corporation

Volume reduction of radicactive waste

1. Enclose any copies of FPC policy statements that have
been issued regarding vo]ume reduction of radioactive

~ .waste.

2. B}iefly describe the trainiﬁg given to radiation workers
as to how they might reduce radioactive waste volumes.

3. List the type of compactor in use and the compact1on
ratio ( or 1bs. of force). ,

4. Estimate the amount of volume reduction, if any, that is
attributzble to the 18 month fuel cycle.

5. Describs- any future plans of FPC which will lead %o a
reduction in the rad1oact1ve waste  volumes being generated.

Miscellaneous ; )

1. Briefly describe the qua]ity control steps that are taken
during the processing and shipping of radioactive waste.

2..EstimateAthe amount of on-site storage av%i]ab1e4at
Crystal- River for LSA and high-rad materials. Does FPC
have .any plans for- 1ncreas1ng <he aizount of storage available
on~site? TR

3. How many individuals are envolved in rad1oact1ve waste '

manage“-nt both at the corpoate level and the p]ant level?

73.
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B LLRW PROJECT -
~.uclear Power Plant Questionnawu e
Florida Powar Corporation

I. Volume Reduction of Radioactive Vaste.

1.

2.

e

Presently there exists no hard’ copy pollcy statement regarding volume
reduction of radwaste.

Radwaste reduction technlques such as work area preparatlon don't take
any unnecessary materials in the RCA and philosophy is presented in
genaral employee training for radiation protection and is further
covered during job planning, and radiztion work permit generation.

The waste compactor is a verticzl piston type, designed for 55 gallon
drums and compacts up to 1500 1lbs.

Presently it is considered that 2n 18 menth fuel cycle would have no
significant 1rpact on waste volumes.

FPC has developad ‘an ln-dapth plan fbr ‘waste nanagement which
includes:

a. - Entire weste stream study by our Architect Engineering firm and
other consultants.

b. Waste scheme operator +raln1ﬁb.

c. Amplified genera al employee training in waste generation control.

»

Miscellaneous

1.

2. .
-Tis appro**";tely 800 cubic ft. and LSA storage capacity is

LY

3.w

LTI TY

* Vaste nglity Control Steps Include:

a. Wastewater movemznt control.

b. Water chemistry.

c. Radio Chew*stry (scannlng) )

d. Certification of shipping casks supplled by vendor, and approved
by KRC. Tnese qualifications are verified by Plant Compllance
Section during shipment preparation.

.'The estimated amount of on-51te storege space for high rad materlals

approximately 8000 cubic ft. Increased storage areas are a prime part
of the overall waste engineering study. ) .

Individuals involved in radioactive waste management are: e

Plant 7
Corporate ‘ 1
TOTAL' . 8

7h.
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3 " LLRW Shipping Flowchart . o ' [
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Are n o ° ..: ) . iges

. , S "*- y Tegulatory authority of the Commission
of puking'emergency | . ~i.in the S:ate under chapters 6, 7, and 8.

73pilza 321 of the Con-.. b 3 . .. s
w and secdoq 161 of the Act with respect to
S {Taney A\.::un.atraUO'x. . ATDM'G EHEQG{ DU"”)”:)SID" «_'the folowing materials: P
A RATEL.IP31) 71t has been .A. Byproduct materlals: .

N {.. :{le aPere_mafter' » AGREEMENT BETWEEN ATOMIC. EN- -' . B. Source materials; and
_54 '&s;ff sl&me:ggé"-"- ERGY COMMISSION AND STATE OF & lC. Spacie] nuclear materials In quan-

1Y - ca’, .
tohadlt ok readily avatl- fs-,FLORlDA '_,.. :nta!es not suficlent to form a critical
el hi{""."“pe;‘;&‘;e" stconhnucnce of Cerlain Commission % Article 11, This Agrcement docs not
AH 62,2 ;.’-",'-,‘fs??, .‘\_,"; #,.Regulatory Authotily and Respon-' Provide for discontinuance of any au-
RAAL _‘_, sibility thm Stale .- t- thority and the Commission shall retain *

" ':- .- authori*y and responsibliity with re<pect.

XS Whereas, 1he United States Atomic to regulation of:

H : “ Energy Commission (hercinafter re-.. A. The construction and operallon of
. 4 ferred to as the Commission) is au-, any production or utflization facility; -
%4 a\.u.or:ty-set forth” thorlzed undaf sectlon 274 of the Momlc-- B. The export from or Iinport Into the
F3anv feans wil) not b2 mada-“Energy Act of 1954, as amended (hercin-: United States of byproduct, source, or
Sivpdyead countles ‘aiter June " after referred to as the Ach), to enter;special nuclear material, or of any pro-
5 to-pmileants who pre-) “Into agreements with the Governor of: duction or utfilzation facility;

b Jsmnrgency lor *special; any State providing for.discontinuance ». C. The cisposal Into the ocean or sea
=vaxhisnce and who can,’ of the regulatory authorlty of the Com- .0 byproduct, source; or speclal nuclear
Hied .pol!cles ‘and’; mission within the State under chapters . waste materials 25 defined in regulations
...6. T.-and 8, and sectlon 161 of the Act, or orders of the Commission; .
Mth respect to ‘byproduct mwtcrlals..i D. The disposal of such other byprod-
Lsousce mx.er.a.s. and special nuclear uct, sowrce, or special nuclear material

I:.I-"‘:L\H\ ; ma.cr.als fn quantities not sufficiens.to’ as the Commission from time to time de-
w, LS SSecret ;_ .-form a critical mass; and - . termings by regulation or order should,

" ecr ard. v Vhereas, The Governor ‘of the Stale « becausz of the hazards or potent lal
19"_‘ of Florida is authorized under sectlon * hazarés there of, not be so disposed of
tr 290,13 of the . Florida Nuclear -Code without a ilcense from the Commiscion.”
,:,.- (Chapter 299, Florida Statutes, 1961) to - Articlz 7if. Nolwithstanding this

. . enter into th sé.sr?cment. with the'Com- Agreement, the Commisslon miar from:a
e T mibssion; and . * time to time hs rule, regulation, or order,
“ y 2 \Whereas, Tne Govs-nnr of the State of rzgulrz that the manufacturer, pro-
Nw’ f‘" Emergency Florida cer'!:‘.ed on April 2, 1954, that ™ cessor, or prouuccr of any equlpment,.

i " the Stats of I':::i"a‘ thereinafter re- devies, commodity, or other product con-
ferred to as the Siate) hus 2 program for, taining source. byproduct, or  speclal
the contro!l of radiation hiazards ade- r.'.zc!ea. material shall not transfar pos-
quate to protezt the publie health and  sesxicn or conirol of stich product except
sufoty withs raszect to the materlals. pJ:s'.:a':. to a Jicense or an exempiion
within .hc S:atr covered by this Agrec-" Irom Ueensiag lssued by the Comnilssion.

State of Texas mont, and tial the Slate desires @ Ardicle IV, This Agreement shali not
m.sr't‘ s nesd ,. '!.r assune reguintony xewc.;sibi‘.:‘.:, forsuchc allsat the authority of the Comnsslon .
ht 1 per d}nb'c materials; and - undar Subsection 161 b, or . of the Act
éc-c cx:a‘.'.'.:e " Wherzas, The Commission found on 10 !ssu2 rules, rejulatlons, or order
Junz 17, 1864, thal the program of the prelect the common defease and se-

L State for thn’rcsu}at‘o'x of the materials  cusity, to protect resivicted dats or to

covercd by this Agree:mnetit 15 compatibls  guard a:ans: the Io3s or diversfon of

with thc Conunlsslon’s program for the special nucisar material.
- repulation of such matericls and s ade- Ariicle ¥V, The Conumission wiil use

* quate to protact, the puollc heaith and iis bast efforis o ccoperate with the
: s'\re::;; and -+ Siate ond other agreement States’in tite
s Whereas, The Siate ard the Commis- fermuiation of standards and regulators

son recognize the desirabliity and-lm- progrems-of the Stale anc the Commis-
portance ©! cooperation between ths sion for prctec:.ion egalnst hazards of
Comunission and the State in ths formu~ racdiation and to assure that Stats and
. Jation, of s&iandards for protection Coummlssion prourams for protaction
a+ . axainst hazards of racdiation and In 2s- against hazards of radiniion wiit ba co-

suring that Stale ang Commistion pro-  oréinated and compatihle. The Siale
, Lrams for protection azainst hazards of  will iz s best cfforts to cooporate with
: radiation wiil*be coordinnted and com- the Commission and other agresment
0 mf.ao..b ‘seb forth patible; and S:ates in the formulation of siangdards
t:ais =il not be n*a"c Whereas, The Conenlssisn and the sand regulatory programs of the Stale
sd countles nﬂe' une  State receagilze othe deslrability of re- 2nd the Commission for proioctien
clproeal recoznition of Meenses and cx-  agalnst hazards of ratiation and to ns~
capifon from licenslug ol thase: sure that the Stales program will con-
materials sublact to this Agreement; . tinue to be compatibie with the pregran
nd Now, therefore, It Is hereby agreed- of the Cominission for the regulation of
wecn the Commilsslon and the Gover- " '_"'e matesixls, The State and the Coma-

H -,-

N R VL

:".A h»-»ms'.!: T-

Yize O}h.r. ‘;,.-...
Merela, @

RS LY
.
‘ 'J‘"‘}-‘..l x° '.‘-' . et e TS0 e Tmea s

. . »

L. RS Y
P YO
. CH ‘e
artte st
. Vo b .
a - IR
. .

Iy .
. - - . -
e » » -

"

- ve o
s . R
2 ek e .
et el » .
- ‘D4 . ?

.

LY

Sols erdme msfra as w s fne a.s oud

3
oty

AR
-

LIPS
wv) Sos S0 pmd

S8 S0y T v S nt ¥ eI,

.~ P

»

P}

faroaqet >y e oS

-, -

e Sl

2 R

"

»

PR J\-’.wu .,'\-‘_\_:

y o -t
-

A}

% IS
SARES
St
PRI
v -
B 2
Rt
a i n
il
3
(¥ r.

DUNTENE L P Ppeps

e e yar

-
woa®

R s Y amse s ¢ e

Samee Sp et g *% S

oy 0 tead

Y P

¥ sbinetgmnane

s v

L IRTTY

atme i n

]
oo o







o,

PO R ST TN IR
-

rary

vaag
o

- ve,

A DA AL s n )

R FeeV =t Biajreay

A R L)

L\&HAM-:-_"’“V"
22y

" o

» o

- 8464 . T . " NOTICES . ..
« misslon will use thelr best efforts Lo keep

7 _ "each other informed of proposed changes wp |JATAL e . .
N in their respective rules and regt.'ations 1565 {eandam] molity Rito

:*. and licensing, inspection and enforce- ;{CU itz

2, - ‘ment policies and criteria, and to obtain stes

. thecommentsand '\sslsb'mce of t!xe other Rt oo 136 | 6369 cent por & “W"m
“party thereon. " minlizum weleht,

) Article VI. The Commiss!on 2nd the 300 Xhwrams, m
:0v- . State agree that it Is desirable to provide dran S Pouk' to
.57 for reciprocal recognition of licenses for r-m3.....| 3 2072 | $5,3% cenas per Xilograro,

Jaavs ¢ the materials listed in Article I lcensee . {q}g'i'ng:_ ;;:th;“ggf
Tl by the olher party oz by any agreement tively: Furnos  Alres'
“1- State. Accordingly, the Commission and | t}nd Moatesidento New
the State agree to use thelr best efforts Retn...] wos] 2102 ] 458 cents per ditagram,
. to develop appropriate rules, regutations, minimum welght, X/
and procedures by which such reclprocl ! » 2(2’; wﬁ&-}'gs" \'133( t
will be accorded. x New Vorkx,
*" Article VII. The Commission, uponits Reee. 20m| 22 avmm_'_-'ur!“‘;" e,
~ own Initfative after reasonable notice . . . Pheerang: Mettvide
s« and opporiunity for hearing to the State, - to New York, .
-or upon request of the Governor of th2

'-Swtc. may terminate or suspend this

application on file b;
ness on August 12, 1
a conflict necessitat!
an application on th!
with Interim criterio
ance of standard brc
set forth In the fon
of the Comm!ssion n
tially complete and
at the offices of t
Washington, D.C, i
Is carlier: (a) The ¢
August 12, 1964, or (i
tive cut-off date whi
tion or any other cot
may have by virtuz
sitating a hearing
appearing on previor
The attention of a°
-desiring to file pleadi-
pending standard br

The Board, 2cting pursuznat to scctions  pursuant to section

:i. « Agreement and reassert the licensing and 102, 204(2), and 412 of the Act, does not Communications £
to b2 adverse® amended, s directc

reguiatory authority vested in it under® find the subjec

such termlnation or suspension is re-

Lnsafey, o -
" Article V1Il. This Agzreemeont shall

Anlc vII.” eiaY

Dsnz al Tallahassee, State of Florida,
in triplizate, this 1st day of July 1954,

For tha United States Atomic Energs
Commission, |
Janmzs T.RaMzw, '™

» *

Commodily Rales * -, ,

Adopted b the Civil Acronauiic
" Eoard at its ofice In W .lshlm,ton. D.C., fEDEqm‘
There has been fildd with the .:r':a d.
purs:a.x‘ tn section 412{a) of th2» Fid-
eral Aviation Act of 1253 (the Act) and
Part 261 o! the Bonrd's Teonomic Pu':-'.'u-
- Jations, an agreement between various
alr cawriess, foreipn alr carrlors, ....d
ciher cznie.‘.. cmbedied in the :e.'.c!"
tions of Traflic Conlerance 1 of the In
teraational Alr Transport Axsx'a‘.!c.
(IATA), and adopi! pursuanl o the
rovisions of Resolution 500 (Commod-
ity Rales Board). i
Thie agreemend, adopied pursuant (o.
unprolasted notlces Lo the carriers and
Jpromulgated In  JATA memmoranaga,

* PROCESSING

considered as
rrocessing.
and §1.591(c

.\o(

ruies, &n application, In

na.'ncs addl!.loxnl rates as snt forth ? sidered with any app.ic'\h:n appoaring
T on the at:ached llsv or wlth any ot‘u.

t agreement W0

Ll A:-.:-' air carrier party to the agreement,
cr auy Intercsted person, mar
da"s from the.date of service o. this or--
dar, submit statements in wrlting con-

within 15 pplysom \’e.. Bu:!e:

COMMN C“«Tlﬂ;‘

. on the 6th day of July 1954, ~° LR UGM..PBS]G:I
{List 53; FCC 64-603]

STANDARD BROADCAST APPLICA.
. TIONS READY AND AVAILAB EFOR

»

JuLy 7, 1984,

ready

) of

.the Act If the Commission finds thal. ty the public interest or In viclation of the Commlssion ri
the Act. provided that approval thereof governing
i quired to protzct the public health and _ s conditioned as herelnafter ordered.

* Accordingly, it is ordered, Thal Agree-
ment C.A.B, 17666, R~42 and R-43, be
become ellective on July 1, 1964, and shall A% d hereby is epproved, pro‘]ded that
remain In effect unless, and until such such approval shall not constitute ap-
time as it is terminated pursuant to "proval of the specific commodity descrip-
. tions contained therein for purposes of

tarifl publication.

the time =
requirements relating
.. Adopted: July 1,1
) \ Feoesat
. Conx
[seacl Bex F. ¢

s

~ Applicat !on.s From the

Jede o naining reasons deemed appropriate, to- +  Req: 800 kes

; Comnissiones.”  gatner with supporting data, in support BP-18867 KRLD, Eun

I‘o the Stale of Florlda,™  * =* ™, of or In opposition to the Board's action Canters

. 'C. FARRIS BAYANT, 2?2%’2;.‘,1‘“3 o:lg ::““ a;:bm;‘l"ﬁgc&fgi“s ’ Req: 1380 &

O + Governor. { the statements shouid be RS pMP-11113  VPIT, I

. : Board’s Docket Szction. The Board may Stephiens I|
R. Lo 64-63i5;  Filcd, .Ju:) 9, - 9=4- upon consfderation of any such sntc- : $as Lie: oF
$iY 845 am. N ments fited, modify or ressind Its action Has CP: &5
i ) *. .7 herein by subsequent order. Raoq MP:

. Thisordor wiil b2 publ‘shvdi the Feo.
\ v ¢ .
CIVL AmD HAUTICS BOARD | » wax mestsura.
By the Civil Acronautics Board, +
|Decket 13777 Order No. E-21033) < .
- {szaz) HaroLp R. -.A.\'Da'.‘T-SD.‘-';
TERNATIONAL AIR TRAI’\!S?ORT . - Secrctary.,
- ASSOCIATION . « iT.2. Dae. 63-5535; ?lled Jaly 9, 1984;
, 8:49 asm.}
Agreemenl Relaling fo Specific . .o '

Notice Is hereby given, pursuant o
$ 1.571(c) of the Comnm
cn August 13, 1664, the standard broad-
cusy applications listed below will be
“and avaliable for.
Pursuant to § 1.227(1X (1)
the Coomission’s”

1 order to be con-

t3sion ruics, that”

. Lt

John .
. ban B:o:.r

RSTP, 8t.!
Hubbasa k-
Mas: 1350 &
Reg: 1500 1§
WODEAL L
Coastal bz
Inc.
Has: 1330 k-
Reqg: 137 !
DA=N, U.
KOTE.Fei3
Northland i
Has: 1250 7
- DA=N. U,
. Req: 12502
Now, Eleele.’
‘Ametlcan J
cor.
Pe(" 20k
EYI:. I/m,

Br-16011
LP-1605%

.

BP-16083

BP-16097

opr-1614)

BP-~15150 \V\\"". J-
Eiectrocait.
Has: 14337
Rag: 143C 3.

DP=3151331 New, B i

b Pemigewi
Ra : 13,0 t

-

IpP-16i54
. RD‘-o.l""
Has: 14630
Reg: 14307
P

3 Comamisstones Fail

TP R

(LA s ond LS 4 et v g .r‘w_qr"‘ﬁf







DEPARTMENT OF . Bob Graham, Govcrnor.
' 1 ] ..L [ ] = . [ ]
Healtnh & Rehabilitative Services
5 1317 WINEWOOD BOULEVARD . TALLAHASSEE, FLORIDA 32301

March 31, 1981

Ms., Joette Lorian, Executive Director

' Floridians United for Safe Energy, Inc.
7210 Red Road Suite 208
Miami, Florida 33143

Deax Mé. Lorian:

We have your letter of March 23 concerning ‘low-level
~ radioactive waste being generated at Turkey 'Point nuclear power
stations. ‘. ' ‘

I will respond to your questions as you have numbered them.

1. The Nuclear Regulatory Commission {(NRC) is responsible
for all on-site activities and will approve or disapprove the
construction of any facility to store nuclear waste on-site.

that NRC retained authority over nuclear power plants. Any
waste site outside the confines of a nuclear power plant must. be
. licensed by the Department of Health.and Rehabilitative Services.
The land 'must be owned by the State or the' Federal government and
the applicant for the license must meet.a host of other requirements
designed to protect public health, drinking.water sources and the
entire environment. - S '

. ‘ 2. In Article II of-the NRC-Florida Agreement, it .is clear

3. Since the licensing of a nuclear waste building on-site
_is the responsibility of NRC, I would assume that NRC would
require an Environmental Impact Statement, (EIS) if they felt it
necessary. ° . . i ’ C .

4. Although I follow the Federal Register rather closely,
"I do not recall seeing any mention.of a nuclear waste building
at Turkey Point.
If we can be of further service, please let us know.
Sincerely,

. ' Ulray/Clark
' . ’ Adminlistrator
. ‘ Radiological Health Services




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of ) Docket Nos. 50-250-SP
: ) 50-251-SP
FLORIDA POWER & LIGHT COMPANY )
) (Proposed Amendments to
(Turkey Point Nuclear ) Facility Operating Licenses
Generating Units Nos. 3 ) to Permit Steam Generator
and 4) ) Repairs)

CERTIFICATE OF SERVICE

I HEREBY CERTIFY that a true and correct copy of
Intervenor's Position as to Action that Board Should Take

Regarding the Disposal of the Solid Waste Resulting from the

\N

Steam Generator Repairs was mailed. on this the Zé) day of June,
1981, to the following addressees:

Marshall E. Miller, Esq. Administrative dJudge
Chairman, Atomic Safety and Licensing Board Panel
U.S. Nuclear Regulatory Commission

Washington, D. C. 20555

Dr. Emmeth A. Luebke, Administrative Judge

Atomic Safety and Licensing Board Panel

U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Dr. Oscar H. Paris, Adminstrative Judge

- Atomic Safety and Licensing Board Panel
-U+S. Nuclear Regulatory Commission e
Washington, 'D. C. 20555

Mr. Mark P. Oncavage
12200 S. W. 110th Avenue
Miami, Florida 33176

Harold F. Reis, Esq.

Steven P. Frantz., Esq.

Lowenstein, Newman, Reis § Axelrad
1025 Connecticut Avenue, N.W.
Washington, D. C. 20036







Steven C. Goldberg, Esq.

Office of the Executive Legal Director
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555 “

Atomic Safety and Licensing Board Panel
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Docketing and Service Section
Office of the Secretary

U. 8. Nuclear Regulatory Commission
Washington, D. C. 20555

Burt Saunders, Esq.

Assistant Dade County Attorney
1626 Dade County Courthouse
Miami, Florida 33130

Henry H. Harnage, Esq.
Peninsula Federal Building
10th Floor )
200 S. E. 1lst Street

Miami, Florida 33131

Norman A. Coll, Esq.

- STEEL, HECTOR & DAVIS

Co-Counsel for Licensee
1400 S. E. 1lst National Bank Bldg.
Miami, Florida 33131

LAW OFFICES OF NEIL CHONIN, P.A.
Attorneys for Intervenor

Suite 1400 Amerifirst Bldg.

One S. E. 3rd Avenue

Miami, Florida 33131
Telephone: 377-3023

-~ -~

By

Neéil Chonin







