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ABSTRACT

The collection, tredament, ad dispsd of raioxtive liqud wates 4 Ok
Ridge Nadiond Ldp ordory ae describ edin detal. Il strdions of fail ities and
td les of dda on waste volumes and raionwclides dischaged to the environment
ae inclded. The philosoglyy and history of ORNL waste man@aepment ae discussed,
and pomsds for impoving the liqud wate systems ae male.

Standads of constriction and contanment, @&@sungions male to evdude the
mtentid hazads of relese of raioative mderid, ad methods of cdcudion
wed for developnent of this hazads andysis ae dven in ORNL-29% Summay
Remrt - Hazads Andyses of Raliochemica Processing and Wate Dispsda a Ok
Ridge Ndiond Ld ordory, Sects. 4.0, 50, ad 60.
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DESCRIPTION OF ORNL LIQUID WASTE SYSTEMS
1.0 INTRODUCTION

The god of raioative waste manaepment d O&k Ridge Naiond Ld ordory is to
disppse of the wates & sdely and & economicdly & mssible. At pesent the following

gpoxh to this god is b eing tdken:

1. To confine the mgor prtion of longlived fission podwts from &l typs of
wate in taaks or in gond where they b ecome chemicdly dtahed to the
soil.*

2. To dilde low-level wastes in the sufae wder dran@e  system. The dildion

fators avaldp le in these media ae wed to decreme the concentrdion of swh
longlived fission podwcts & Sr*O and Cs?37 and &l other isotoges to the maimum

ermissib le concentrdions set by the Ndiond Committee on Ralidion Protection
and the Interndiona Commission on Raliologca Protection.**

3. To monitor the wate streans b efore and dter dischage in order to follow the swccess
of this pogam.

Ralioactive liqud wates ae segegied a their souces acording to composition and
ralioaxtivity level and ae collected, treded, and dispsed of in three semde  systems:

1. "Hot" chemica wasaste: 7000 gd, 0.001-0.08 cuie/gh, the most raioaxtive wate
4 ORNL23

2. Liqud uanium waste (or "hot" metd wate): very smdl volume, moderde raio -
activity.

3. Mildly contaminded pocess waste wder: 800,000 gd, 0.1 to 1.0 p/ch

Sanitay wastes and "cold" wate wder from souces uwnlikely to podwe ralioactive
contamindion ae handled in other ligud wate systems not inclided in this discission.
Figres 1 aad 2 ae schemdic flowsheets of the raioative ligud wate systems.
Figre 3 shows the Igod of the "hot "chemicd wate and pocess waste wder systems.

* @ W. de Lana K. E. Cowser, and F. L. Paker (ORNL), "Disppsa of Hid-level
Ralioative Liqud Wastes in Terrestrid Pits - a Sequwel," Proceeding of Second United
Ndions Interndiona Conference on the Pea&efd Uses of Atomic Energy, UN-17&
(Sepp.  198B).

(b) K. E. Cowser and F. L, Paker (ORNL), "Soil Dispsd of Raioztive Liqud Wates
da ORNL: Criteria and Techniques of Site Selectiomand Monitoring" Hedth Physics, Vol 1

(198).
** "Maximum Permissib le Amounts of Ralioisotoges in the Human Body and the Maimum

Permissib le Concentrdions in Air and Wder," Handb ook @&, Nadiona Bueas of
Standads, U. S. Demtment of Commerce (Jine 5 199).
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Resmnsib ilify for segegkng collecting treding ad dispsing of dl raio -
a&tive wastes since the b egnning of the Ld ordory ha b een delegied to one gowp
the Ogerdions Division, which mwst dso measue and record & ralioative contamindion
& it is dischaged to the environment. A mand  of detaled pocedues for operding

the liqud wate systems is followed by Operdions Division personnel. Respnsib ilities
for studying the effectiveness of raioactive wate dispsad in the environment by strean
sanpging and suveys and for remrting the degee of contamindion in these streans hae

b een delegied to the Hedth Physics Division. The semde  delegiion of these resmnsi -
b ilities povides a indemndent check on methods of operdion ad andysis ad on concen-
trdions b eing relesed to the environment.

Control of raioactive wate dischages to the creek is now somewhd limited when
the lage-volume pocess waste wder strean b ecomes unwsudly contaninded;  when
contamindicn in this strean exceeds ® |3 c/min/ml, the pocess wder sypgy to the
Ld ordory muwst be decresed in volume to mantan aequae impunding sme for the
wate uwntil the souce of contamnindion is eliminded.

2.0 SUMMARY

Modificdions to existing ORNL ligud wate systems ae b eing develogd to
impove the handling of curent wastes and to mrmit wates of higher ralioativity
levels to be handled sdely in the fuue. Figre 4 digrans the pomsed raioative
wate systems. Commison of Fig 1 with Fig 4 shows the pomsed modificdions and
aditions to existing systems.

Two new ligud wate systems ae popsed: "very hich level waste" (>1000
cuies/gl) compsed of evgorded rdfinde from first cycle solvent extraction plot
pant (Bldg 3019) demonstrdions on the highest level flels anticigied from pwer
rezxtors; ad "hidh level wate" (5 to 1000 cuies/gh) commsed of evawmrded first
cycle rdfinde from moderde hea-generding rextor flels. Both tyms of wate will
b e stored in stanless steel tanks equged with gwopidely desighed cooling coils to
remove the fission podwt decy hed.

Some of the "hich level wate" ha been handled in the existing ORNL "hot"
chemica wate system and a&@counts for the maked increse in raioativity dischaged
to the wate pts in 19®. After povisions have been mae to collect semdely 4l
wates contaning more than 5 cuies/d, the remaning ORNL "hot" ligud wates,
desigded "intermedide level wates," will be collected in the existing "hot" chemica
wate system. It is pompsed to instdl an evawrdor to concentrae this waste, the
overheals to be sent to the pocess wate wder system and the b ottoms to b e stored
In existing concrete tanks or in pomsed stanless steel tanks if cooling is requred.

A new-model wate seeme pt ha b een constricted to impove the dispsa of
"hot" chemicad wate on an interim b &is while the evamordor and storap tank detdls
ae b eing desigued. Instdldion of a soil colunn in series with the new seempe pt to
povide selective asorgion of strontium, ruhenium, ad cesiun on vaioss b Uk minerds
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is under considerdion. The existing wate pts ae to be removed from service,
treded with a@pnts to fix the fission podwts alsorb ed in their shde b eds, and
seded with aphdt to minimize seem@e. After the evagordor and storap tanks
ae in service, the we of soil asordgion methods for retention of raioativity wiill
bedadoned d@ ORNL for &l bu the lowest ativity Ilevel wastes.

Impovement of the lage-volume low-attivity-level pocess wate wder system is
poceeding & follows:

1. Volume reduwtion to increse the feaib ility of ggying more refined tredament
methods than the lime-soda peciptdion pocess now sed. It is roghly estimded
tha the pocess waste wder flow can be decremed to a minimum of 2% gm
(30, T)00 giWdy) by removing the mgor cooling wder wers to recircdading
systems equpged with pmps, hed exchagers, ad cooling towers. Preliminay
designs for recircdding pocess wder in the mgor plot pats have b een pemed.
Instdling thermostdicdly controlled vdves on pocess wder sypy lines to magor
condensers is a less exgnsive and less effective dterndive popsad to recircddion,

2. Impoved treament to decremse ralioativity dischaged to the river. The equdiza -
tion b a&in for the existing tredament pant hs been enlaged to increse holdyp
cazity; dow ling the pocessing cagxity of the treament pant, ading floccua -
tion ads to enforce waste claificdion, and ading a vermicdite treament step to
impove strontiun removda ae wnder considerdion. Design studies to commie costs
and effectiveness of severd mudtistaep evagwrdion techniques with eaxh other, ion
exchange, ad peciptdion methods ae in pogess. The feasib ility of recircdading
the entire pocess wate wder strean dter treament is dso b eing investigied.

3. Impoved monitoring to detect sugs of raioativity. Continouls  ralidion
detectors have b een specificdly desigred for the pocess wate wder system. These
will be instdled with pomrtionad sanpers in existing and new monitoring manholes.
The atomdic diversion vdve is to be equpged with a new detector sensitive to
dgha and soft b eta raidion.

4. Emergency impundment of lage volunmes of excessively contaminded  waste. Detal -
ed desigis ae in pemdion for b dlding a 3,000,000-gh seempe b a&in and the
dsocided pmp ad pe to handle infrequent incidents of very hidh raioativity
levels in pocess waste wder.

In adition to the impovements in the liqud wate systems in the Ld ordory
porer, it is pomsed to povide b etter control over the ndua b &in tha receives
ORNL liqud wastes dter dischage from the L& ordory. A new channel for White
O& Creek from its junction with Melton Branch to a mint b elow White O& Dan
is pomsed to povide seconday contanment for the raioactivity in the waste dismpsad
pts, povide severd huwudred million glons of emergency impundment caaity for
contaminded  pocess waste wder, decrese scouing of raioactive mu from the
dan b &in by heay rans, ad decrese the danger of a falue of White O&k Dan.
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This channel b ymssing the dan wodd cary the ruoff from the 6-sq mi aea draned
by White O& Creek and Melton Branch, decresing to 0.5 sq mi the drangep  aea
served bythe ba&in behind the dan ad incllding the ORNL wate disppsa pts. The
decrese of flow throuh the dan b &in wodd not only decrese scouing of the 17-yea
&cumdadion of raioxtive mu from the b @in (thouht to be the souce of ativity
increses in the Clinch River dter heary rans) bu wodd dso m&e the b a@in aald le
for emergency imppundment of contaminded wder for severd months & a time. The

b a&in wodd dso serve to intercepg transprt of the raioxtive contents of the wate pts
in the event of a wahod or eath slide tha midgt collgse the steer pt sides.

Remrts in This Series

Vol. Sunmay Remrt of Haads Evaudion ORNL-29%
Vol. 2 Generd Descrigion of Ok Ridge Site and CF-8-527
Surounding Area
Voal. 3 Descrigion of ORNL Liqud Wate Systems CF-6-528
Vol. 4 Detdled Assessment of Solid and Ligud Wate Systems CF-®-529
Vol. 5 Hzads Reprt for Bulding 3019 CF-8-520
Vol. 6 Hzads Remprt for Bulding 395 CF-8-521
Vol. 7 Hzads Reprt for Bulding 227 ad PRFP, Hich CF-8-522
Level Wate Tanks
Vol. 8 Hazads Reprt for Bulding 3026 CF-8-523
Vol. 9 Hazads Repmrt for Bulding 398 CF-8-524
Vol. 10 Haads Reprt for Bllding 437 CF-@-525

Vol. 11 Haads Remrt for Bllding 3517 CF-@-526
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3.0 WASTE MANAGEMENT AT ORNL 1943 - 193

The pesent size of the Ldb ordory and the scom of its work hasxe beenreaxhed by
a series of exmmsions. The meas of handling the considerd le quantities of wate po -
duwed by the pocesses developpd and tested @ the Ldb ordory have ha to be chaged
from time to time to keep e with the exmnding pogan.

The Ldo ordory wa estdlished in 1943 & a temmray plot model for the Hanford,
Washingon, works. The Graghite Reator, a chemicd semdions pant (the "Hot Pilot
Plant"), ad a number of lage udergound concrete (gnnite) taks were constricted the
The tanks were intended to store &l the most ralioactive liqud chemicad wate and the
ligud uanium waste acundded duing the life of the Ldb ordory, which wa expected
to be one yea. However, exmmsion of the scom of the work in 1943 and indefinite
continion of the Ldb ordory incresed the quatities of wate, necessitding a method
of disppsd to agment stor@ep tanks. It wa decided to peciptde & muwh of the raio
isotoes & pssible in the storap taks and to decant from the tanks those remaning in
soldion, dildue them with the Ld ordory's lage volune of pocess waste wder, and
diserse them into White O& Creek. A mrtion of the peciptaed ralioisotopes
remans & a sldge in the storgg taks & the pesent time. A dan wa b dlt @ross
White O& Creek 1.7 miles b elow the Ld ordory in the atumn of 1943 to crede a
controlled aea for the dischage of raioative wate. A settling b a&in of 1,990,000
dglons  cagmity wa competed in Jdy 1944 to serve & the wate collection and
sanping faility and & a stiling pnd to permit raioaxtive solids to settle from
the waste b efore dischage to the creek.

Additionda decontamindion of the raioactive syerndant by decy ws gined
by receiving aad holding wate in one of the lage storag tanks for & long & time
& possible while decanting to the settling b &in from another tank contaning aped
waste. This pocedue dlowed suficient time for mwh short-lived (aad hence more
intense) ralioativity to decy b efore the wate wa dischaged to the creek. The
isotoges removed by this pocedue were 8-dgy iodine-131, 28-dy cerium-141, 33-hou
cerium-143, 41-dy ruhenium-103, 12.8-dy b @&ium-140, and 40-hou lanthanum-140.

Thws, the 7,000 glons @r dg of hichest ativity waste @ ORNL wa dgven a
peciptdion step @ ou one month's holdyp for decy, tripe settling (in the tanks,
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the settling b a&in, aad in the l&ke b ehind the damn), aad & ou H0,000 to ! wverap
dildion in the Clinch River. It wa cacdded d tha time tha a maimun 5 cuies

er dy of mixed fission podwts codd be dischaged sdely into the l&ke, ad for
severd yeas this criterion wa wed. An averae of 25 cuies @r yea, considerd ly

b elow this level, h&# been mantaned to dde (see Tdle 1) in the controlled dischages
from the Ld ordory. This method of dispsa by dildion ad dischage throuh a reglded
ndurad dranap b &in wa considered alequde & a tempray measue, bu in 1949 the
fyeement yon more stringent tolerances necessitded an  impovement.

From Jue 1949 wntil Jue 19%, the "hot" chemicad wate wa concentrded by
evaomrdion in a pot-type  evagwrdor insteal of b eing decanted ad dilded in the I&ke.
Duing this period the evamrdor pocessed a tota of 11,680,000 glons, redwing this
volune to 432,000 gllons of ralioative concentrde tha wa stored in the concrete tanks.
The waer b oiled off from this wate contaned an aerap of only 0.014% of the raio -
ative contanindion entering the evaordor. The effectiveness of the evagwrdor is
demonstrded bythe fact tha duing the period of its ogerdion -only 14.5 cuies p@r yea
cane from the evawrdor, dthouh an averap of 320 beta cuies @r yea wa dischagd
to the creek from the Ldb ordory, The remaning contamindion cane from pocess wate
wder and from acidentd dischages (manly leking wate pgs and vdves). The
evgordor wa tken ou of service in June 1958, dter the first 1,000,000-gllon exgeri -
mentd gound dispsd pt hal been in ogerdion for two yeas. Since tha time the pts
have received dl the "hot" chemicd wate decanted from the storap tanks.

In 199 the Ld ordory wa a@pn gedly exmnded in size and scog of operdion.
The wate systems were exmnded to handle the incresed wate volumes and levels of
ralioativity. Monitoring systems for dl three liqud wate typs were devised to ad
the collection and segegdion of liqud waste. Undergounnd stanless steel tanks to
monitor seprdely the "hot" chemica wate and the ligud uaniun waste were instdled
nea eaxh bulding or aea tha is a souce of either type waste. The tanks permit
sanpging ad meauement of wate volumes and rdes of a@cumddion from eah souce.

The monitoring scheme instdled for pocess wate wder consists of weirs mounted
in manholes in the udergound sewer system thda collects this waste. These weirs per -
mit measuement of the wate volunme from eaxh souce ad poprtiond sanping of the
wate for determindion of the ralioative contaminaion.

In 195 the first exgrimentd goud disppsad pt was b dlt. A lagr (1,000,000
dglons  camity) pt wa b dlt in 192, aad two more 1,000,000-gllon pts were b dlt
in 19% A pmp ad a 1.5mile-long pline from the collection taahk aea to the
disppsd pt aea were instdled in 198 to repme a tank truck peviowsly wed to
transprt  liqud waste.

Between 192 ad 19% a metd recovery pocess reclamed gwoximaely 130 tons
of uaium from ligud uaium wate collected over the yeas in the orignd waste



Tdle 1. Yealy Volunes ad Ralioativity of Liqud Wates Dischaged to White O& Creek & ORNL, 199-199°

Gross Beta Activity, ~Per Cent of Gross Beta Acflvity identified

Totd cuies with Specific Raionc lides

Volume, Settling Retention TRE
Yea 106 g Bain Pond Tota (-Ce)b Ce Ru Zr Cs Sr Nb Ba Co
199 2264 172 15 187
1951 297.6 1® 3 172
192 2.2 411 87 498
198 2394 289 140 429 8.1 26 0.8 26 8.5 02 276 1.0 0.8
1951 161.3 237 17 25} 34.6 19.1 0.5 1.0 20.3 0.5 233 0.4 0.3 -
195 210.6 213 5 2« 30.3 147 341 06 31.6 0.2 187 0.6 0.2
19% 26).7 25 20 273 24 .4 123 2.0 0.5 421 0.1 151 1.0 02 22
195 272.3 (comb ined) 189 258 4.4 1.0 10.2 365 00 180 0.7 0.0 138
198 232.0 92 24.0 4.6 14 0.7 .2 0.6 153 1.1 0.6 1.5
199 313 181 250 169 31.7 09 117 0.1 10.7 0.5 0.1 2.4

OVolume of settling b &in offlilent memued in weir box with liqud level floa recorder. For determindion of

raioactivity, continols  poportiond sampes of the efflent ae commsited for daly goss b eta mesuements and
monthly raliochemica semdions and andyses.

k
Trivdent rae eaths exclusive of cerium.
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storge  tanks. The wate from this recovery pocess wa sent to the "hot" waste
system for evagmrdion or disppsad to pts.

The l&ke b ehind the dan on White O& Creek wa draned in 19% for the follow-
ing reaons:

To mrform necessay mantenance work on the dan failities.

To destroy and disppse of the agudic spgecies in the l&ke.

To avoid dtracting and hab oring migdory  wildfowl.

To povide aditiona sdegads by incresing retention ptentid,

To fatilitde ad Iimpove control of ativity releases.

To mrmit modificdion of sections of the lke aea for reseach se.

o oA WN

The strean now flows throuh the lke bedad throh a slice in the dan, which can
be closed to impwund contaninded wder when the need aises, A byms ha been
pomsed to cary the strean flow aound the dan to minimize distub ing contaminded
sediments in the old lke bed, bu this pomsa ha not been caried ou to dde, A
continols sanpger and a raidion monitor (stb merged in a contaner throuwh which
strean wder is circdded) hae been instdled & the dan. The monitor can detect a
"slid" of raioativity ad can sond an dam, bu it is considered a stopgp instrument
untii a b etterone can b e developed.

Studies of wildlife in the lke were male b etween 199 ad 198" ad in 198V 7

to determine some ecologca effects of ralioactive  contamindion. Agicdtua cros
ae being gown in the contaminded mu of the l&ke bedto sty uyidke of raioativity
by pants.?

In 19% a wate wder tredment pant was competed ad pt into operdion. The
function of this pant is to redwce the level of raliomtive contamindion in the low-
ativity pocess waste wder dischaged to White O&k Creek. An atomdic diversion
vdve is curently operding to feed the entire pocess waste wder flow to the tredament
pant whenever the level of ralioativity in the waste exceeds a gven mint. When the
ativity level is b elow the set wint, the atomdic vdve diverts the waste aownd the
tredament pant ad to the creek throuh the settling b ain.

A mdticule fission podwct plot paat was competed in 195 to recover strontium-
90, cesium-137, and other vadub le ralioisotoes from hidh-ativity ligud wastes. This
plot pant shodd be most vdub le for treding extremely high-level waste from fuue
pocesses paned for the Ldb ordory,
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4.0 CURRENT HANDLING AND DISPOSAL METHODS AND FUTURE PLANS

FOR LIQUID WASTES

4.1 "Hot" Liqud Chemicd Wsaste

The concentrdion of ralioative commnents in ORNL "hot" chemica waste is
normdly b etween 0,001 and 0.08 cuie pr glon meaued in the concrete storap
tanks. Duing an exprimentd pogan of pocessing short-decyed maderid in 199,
wates having ativity levels @ hich & 75 cuies mr gllon were podwed; bu the
volune of these wates wa smdl enouh tha dildion by other wates in the storap
tank redwed the level to 0.08 cuie pr gllon. Becase the reseach and developnent
ndue of the Ldboordory brings d od frequent changes in the pocesses tha podwe
wate, the wate comppsition is not consistent. Lagr volunes and hicher raioativity
levels ae expected from fuue operdions. The man ralioisotoes ae wuwly cesium-137,
rithenium-106 —rhodium-106  strontium-90 —yttrium-90, and trivdent rae eath elements.
Strontium, cesium, ad trivdent rae eaths constitue the mgor fraction of raioativity
on an aergp disintegdion pr minde ba&is. Sodium ad nitrde a&@count for doud 70%
of the nonraioative  solids in the waste.

The handling of "hot" chemicd wate is illlstrded in Figs. 1 aad 2, which ae
simpified flowsheets of the Ld ordory's wate systems. The man souces of the liqud
chemicd wate ae chemicda pocessing plot pants. Raioisotoe  podwction failities
and reseach Id ordories podwe wastes of smdler volume and lower a&tivity level. The
specia  fission podwt wates shown in the ymer ridht-hand corner of Fig 2 ae recovered
and consequently do not contrib de directly to the waste strean.

"Hot" chemicd wate is dischaged from pocess vessels in ld ordory and plot pant
cells into "hot" drans, which ae stanless steel pgs lealing to undergounnd  stanless
steel monitoring tanks. There ae now 19 of these MO to 4000 gllons camity tanks in
service (inclding taak WW-I, Fig 2); their totd cagmity is ggoximadely 34,000 gllons.
Exh tank is locded nea its man contrib dor to prmit gaity flow to the tank. The
function of these monitoring tanks is to collect the wate and to povide a meas of
sanping it and of meauing its volume. The tanks povide the Ogperdions  Division
with a meas of checking on wate contrib dors for rde of wate podwtion ad to be
sue exh tye of waste g@ts into its pogr system for tredment and dispsa. Exh
tank ha connections to the hidhly raioa&tive chemicd wate system and to the pocess
wate wder system to gve a choice of treament demnding on composition, ralioativity
level and other considerdions.

Figre 5 shows the b uid detals of the monitoring tanks. Exh tank is anchored
to a concrete sacer thd slogs towad a sump The sump collects gounnd wder seemp
and any liqud tha leks from the tank. Ligud in the sump is sanped periodicdly for
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raioactivity throuh a "dry well” to determine whether the tank ha leded. Duing
the mt 15 yeas three taks were emgied and & andoned dter leks were discovered
in this manner. Becase most of these leks were cased by &id corrosion of the tanks,
castic soda to nedrdize incoming aid wate is now aded to eaxh tank. No le&ks
have b een discovered since this pocedue wa stated.

Exh tak is equpged with a floa-type volume gae, which shows on a b oad
d ove gound the quentity of waste in the tank. Althouh the rde of wate acumddion
in & 19 monitoring taks is continbwisly recorded & a centrd stdion by a telemetering
system, a wate system operdor Vvisits eaxh tank every 4 hous to check the wate volunes
lest a tank overflow becase of a falue in the telemetering system.

When a monitoring tank b ecomes filled, the operdor switches on a self-piming
kless pmp to transfer the wate to one of the three 170,000-gdon concrete storap
taoks in the storgg fam centrdly locded in the man X-10 operding aea These tanks
rest on concrete sacers tha dran to a system of dry wells for lek detection simila to
those of the monitoring tanks. The centra storap tanks d&so hae volume gaps, sanpers,
and a wndergound system of transfer lines tha mErmit transfer of the wates from one
tank to another.

The function of the centrd storag tanks is to povide tempray storgg for "hot"
chemica wate while the short-lived ralioisotoes decy (see Sect. 3..0). Also, most of the
fission podwts inclding dmost dl the strontium-90 and dpghaaztive isotopes ae pe -
ciptded ad reman in these tanks. These tanks povide aequie suge camity to
a&commodde normad acumddion for Ldo ordory operdions even duing occasiond shu -
down and remr of pmpng equpnent. Waste suyerndants ae periodicdly decanted
from the centra storap tanks and pmped goximdely 1.5 miles throh a 2-inch-
dianeter wndergound steel pe to the dispsa pts. Td le 2 lists the sldge acumddion
and the avdld le camities of the centrd storap tanks.

Tdle 2. Sldge Volume ad Camity of ORNL Centrd Wsaste Storap Taks

Tank Sldge Volume, Avadld le Camity, Curent Use
o} g

W-5 @®,000 100,000 Chemica Wate

W-6 86000 79,000 Chemica Waste

W-7 30,000 135000 Chemica Wate

WwW-8 86000 79,000 Chemica Wsaste

W-9 12,000 153,000 Metd Waste

W-10 10,000 15000 Meta Waste
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The wate pts ae three 1,000,000-gdon open caities b dldozed in the eath
in a locdion chosen for remoteness from the Ld ordory, the typ of soil, aad the fat
tha uwndergound dranap is towad White O&k Creek. The soil, Conasam shde,
ha the poperty of removing and retaning most of the ralioxtive compnents while the
wate wder and certan nonraioaztive chemicas seep throuh it towad White O&k Creek.
Wate enters pt No. 3, which overflows throuh a vdved pge to pt No. 2, which over-
flows similaly to pt No. 4. Figre 6 is an aeria piotogagh of the wate dispsd aea
showing the pts in the foregound, the creek, and, in the yger Ileft-hand corner, a @t
of the man X-10 aea The pts ae eaxh 15 feet deep with sides slopng da an ande
of 30°. Their top dimensions ae 210 by 100 feet. The pts ae covered with wire
screen to pevent @&cess to wild life. The wate dischaged into the pts is sanged and
andyzed for ralioisotopes and std le chemica ions, and the movement of these mderids
in the soil and in the seeme into the creek is monitored by the Hedth Physics Division.
The only raliocisotoes detected in the seemp to dde ae ruhenium-106 cob dt-@, and

antimony-125 Yealy dischages of ralioativity to the pts hae been & follows:
198 7,700
19% 21,400
199 42,000
198 8,000
199 280,000

The shap increses in recent yeas were die manly to higher ralidion levels in pocess -
ing &4 the Hot Pilot Plant. By the end of 19® the totd waste dischaged to the pts
since the stat of this patice wa 15284,000 gllons contaning 447,000 cuies (a time
of dischage). The dischage of wate syernote to the shde pts a ativity levels
peviowsly wed will not be continned dter a chemica wate evaordor is instdled. A
ptentidly serioss b re&-throuh of rdhenium-106 ativity in the eat b ak of wate pt
No. 4 occured in the later @t of 198. This event cased the artivity relesed to the
creek from the pts in 19® to rise to 1320 cuies. Excavdion of the aea showed thad
the b Uk of the releme cane throwh a narow chamnel which flowed into a swampy aea
east of the pt. The sitwion ha b een corrected tempraily by interceging the lekap
and pmpng it baxk into the pt.

Interim and Long Raage Plaas for "Hot" Chemicd Wate. As a resut of the lekap
from waste pt No. 4 and in view of incresing levels of raioativity in chemicda pocess -
ing demonstrdions & the Ldb ordory, stulies hae been male on meas to impove dispsd
of ORNL "hot" wate, b oth for the immedide fdue ad for the long term. In order to
discontinne the we of pt No. 4 3 soon & possible, a new pt (No. 5 is wder con-
striction in an aea east of the existing pts tha wa caefdly selected over a yea ap
(Fig 5 ). The new pt is a seemp trench 300 feet long by 20 feet wide (40,000 gllons
cazity) excavded in shae. Its desigh incorpordes severa refinements: (3 a crwshed
limestone lger for cesiun asorgion, (b) a loose?jointed tile pge distrib dion system to
spea inflowing wate over the whole pt, (c) a wedge-shged cross section to povide
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more side aea than b ottom aea for seempe of wder ou throh a very lage aea of

shde, ad (d) a wder-resistant (shdt) cover to keep ou ran. It is paaned to discontine
wing the existing pts dter the new trench ha b een poved a&@cepd le. The pts will be
treded with coger ore to fix rdheniun ad then seded by spying with aphdt, A new

3-inch-dianeter pg line from pmp in the tank fam to the new trench is paaned to
repace the existing 2-inch line.

Exgeriments ae b eing condwcted on tredament of "hot" chemicda wate with vaiows

minerds and/or chemica systems to remove the ralioisotoges. It geas tha rdhenium,
the only ralioisotoe  difficdt to remove, can be removed by chemica tredament ad pH-
temmerdue control in a soil colunn contaning vaios minerds. Efforts ae b eing male

to develop a soil colunn thda does not requre the chemica treament to remove ruhenium.
Since vaioss coger compuds inter@t mwh more rgdly with rdhenium in wate than
most soils or minetds, exgriments ae poceeding on Consap shde sduded with CUSO4
soldion. If this copger-b eaing shde swcessflly removes ruhenium, it geas tha the
anont of rdhenium penetrding the soil for any distance from a soil colunn codd be
lowered from the pesent 5% to less than 0.5%. Tests of coger sufide ores & hich H

pesently show 30% ruhenium remova. It shodd b e stressed tha the rudhenium is in
resistant form, having penetrded throuh a number of feet of soil (ggoximadely 9846 is
fixed in the soil, leaving only 5% still in soldion). If the pesent work with coper -

b eaing soils and ores contines to be swcessfu, a soil colunn contaning gpopide
mderiad to fix rdheniun & well & other fission podwts will be constricted on the "hot"
wate pe line ystrean of the new seempe trench. The struictue envisioned wodd be a
covered concrete b ox divided into commtments contaning the b Uk minerds specific for
the removad of exh ralioisotope. The efflent from this b ox wodd flow through the new
see@e trench for disgrsa into the shde.

For the longer term panning on dispsd of higrlevel liqud wate, stulies ae b eing
male on the feasib ility of collecting semdely the most raioactive commnents (those
geder than 5 cuies mr gllon) ad storing them in taks equpged with cooling coils.
The remander of ORNL "hot" wate wodd then be termed "intermedide-level waste"
(0.001 to 5 cuies mr gllon), which codd beredwed to & oud one-tenth its pesent
volune byan evaordor yielding a decontamindion fator b etween feed and overheals of
105 The overheals woudd be combined with the pocess wate wder strean and the
b ottoms stored in the existing concrete tanks, which hae gwoximadely @0,000 gdlons
cazity vald le. (See Tdle 2.)

A peliminay estimdae b&ed on the d ove conceg and including two 25000-gion
high-level taks, one 400-gmon-per-hou stb merged-coil evagwrdor, and a 79,000-
gllon-per-day ion exchange pant for pocess waste wder tredment indicded tha the
cost of these modificdions woud be $1,53,000.
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In adition to the pomsds describ ed & ove, detdled desigrs hae b een pemed
for handling the very hich-level wates from the pomsed Power Reator Fwel Processing
(PRFP) plot pant pogan. Td le 3 lists the volumnes ad hed generdion caaities
exected in these wastes. The wates wder "Lower Hea Generding Fuwels" in the yger
hdf of the tdble can be stored in the pomsed 25000-gion tanks for "hidgh-level wates"
peviowsly mentioned. The wates wnder "Hidher Heda Generding Fuwels" in the lower
hdaf of the tdble ae to be termed "very hidh-level wastes," which mwt b e stored in
specid  taks equpged  with very-lage-caity cooling systems. The three 15000-giion
tanks pomsed for these wates ae described in a hazads evdudion remrt on very
hich ativity wate storap.

The "hot" waste systems curently pomsed to meet the higher levels of pocessing
demonstrdions & ORNL this ae (see Fig
1. Very hidh-level wate (>1,000 cuies per glon)
Souce: Bulding 3019 first cycle rdfinde from hidhest-level fiels
Storag: Three 15000-giion tanks with hich cooling cazity
2. Hid-level waste (b to 1,000 cuies pr gllon)
Souce: Bulding 3019 to first cycle rdfindes from lower level fiels
Storag: Two 25000-gdion tanks with moderde cooling cazity
3. Intermedide-level waste (0.001 to 5 cuies mr gion)
Souce: Bilding 3019 second and third cycle rdfindes ad & other ORNL

"hot" wastes

4-2 Ligud Uraium Waste ("Hot" Metd Wate)

The quantity of liqud uaium waste is muwh less than it wa ealier in the history
of the Ld ordory, & it is now podwced & a mximun rde of only 100 gllons pr week.
In the sense tha it is actudly a soldion of re-wsd le uaniun contaminded  with fission

podwts, this is not a trie waste. It is collected and stored temmraily pior to trea -
ment for recovery of the uanium. Between 192 and 19%, gwoximaely 130 tons of
uaniun wa recovered. The sepded fission podwts ae dischaged to the "hot"
chemica wate system. Figres 1 and 2 illustrae the handling of ligud uanium
waste.

The ligud uanium wate from the vaiows contrib dors is collected sepmdely from
other liqud wate by meas of a system of seven monitoring tanks (totd camity 790
gllons), simila in dl respgpcts to those describ ed & ove for "hot" chemicd waste. Eaxh
b uied tank serves a souce of ligud uaium wate, which flows by gaity throuwh
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Predicted Cumddive Waste Volumes and Activity in Hidh- and

Very Hidh-Activity Waste Storap Systems

Volune, Heda Generdion,

fo: | Btuhr

Lower Hea Generding

1,710 22,000
12,9® 99,000
24,76 79,8
1Y) @3000
751® 293,85

Hicher Hed Generding Fuwels

Fwels

9,200 1.4 x 106
9.60 0.66 x 106
12,400 1.8 x 106

Activity
cuies/ca

800

470

200

0

240

9,400

4,200

9,000
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specid  stanless steel drans from the souce failities to the tanks. The wate volunes
in the tanks ae recorded & the centrd stdion by the peviowsly describ ed telemetering
system, and a wate system oprdor checks the taank gaps every 4 hous to pevent over-
flows. The wate from ful tanks is pmpd to the centra tank fam, where three
170,000-gllon ad two 42,%0-gllon undergound  concrete tanks store it utih enouh

ha acundded to warant runing the uwanium recovery faility.

Becase the curently smdl quantities of ligud uaiun waste ae not expected to
increse, two of the 170,000-gllon storgg taaks (W-7 aad W-9) can b e devoted to
storag of fuue "intermedide-level wate" concentrde. Tank W-7 is now temporaily
wed for "hot" chemicd wate hold-p (See Tdle 2.)

4.3 Process Wate Wader

The souces of pocess wate wder ae equpnent cooling systems, floor drans,
decontamindion @ drans, storap cands, Ildb ordory sinks, and dischages from low
ativity operdions. It is the least rddioaztive of dl Ild ordory liqud wastes excepd
sewae and storm wder, yet it is the most difficdt to man@e b ecase of its comb indion
of raioativity ad lage volume. The 800,000 gllons r dy of this wate m&ke storap
impactica and necessitde dispsd on a curent ba&is. The wate is collected, sanped,
and dischaged to the creek continwusly. Figres 1 and 2 illuistrae the reldion of the
pocess wate wder system to the other ligud waste systems.

The pocess wate system sometimes serves & an emergency "wam" system. Muwh
of the raioztive contamindion pt throuh this system is a resdt of equpnent falue,
hunan error, or @cidents thd case a misdirection of contamindion from the "hot"
chemica wate system. Whenever unusuly hich levels of raioativity occu in pocess
wate wder, a effort is male to divert the raliomtive prtion to the "hot" chemica
wate system & soon & mssible. A network of 6- to 30-inch dianeter vitrified cly
pes collects and conveys the pocess waste wder by gaity flow to a centrda monitoring
wmint nea the inlet to the 1,%0,000-glon settling b &in, where the volume of flow is
meaued and sanped continuwowsly. The sanges ae collected every 4 hous and
andyzed for goss b eta ativity. The pocess waste wder collection system is divided
into severd sections, exh of which is served bya strdedgcdly locded monitoring stdion.
Ezh stdion is a concrete manhole in which ae mounted a V-notch weir, a wder level
recorder for determining volune of flow, and a finger-tyge pmp for collecting sanpes
continuowsly. When the raioactivity level @ the centrd monitoring stdion rises to
dbod 1D c/m/ml* or geder, the souce respnsible for the incre@e can be locded by
referring to the monitoring sanpges, ad corrective &tion can be tken to minimize
dischaages of ralioisotoges throuh this low-level system.

The yealy volunes and raioativity of the pocess wate wader duing the yeas
199 throuh 19® a&e sunmaized in Tdble 1. The totd volume of flow ha ranged
from dbod 16 to 313 million gllons @r yea. The level of goss b eta activity normdly
raages from less than P to severd hundred c/m/ml with occasiona  transient levels @ ove

*c/m/mi ="conts pr minde per milliliter. All resdts ae referred; to second-shelf

counting wsing an end-window Geiger couwnter.
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1000 c/m/ml, demending yon operding conditions in the Ld ordory. The fouth colunn
in Tdble 1, healed "Retention Pond," refers to a smdl volume of dranage from the
monitoring m@s wndernedh ad from the soil aond the wundergound wate storap tanks
in the centrd tank fam. This pnd peviowly served & a monitoring mint for the
detection and meauement of ay lekap in the "hot" chemicda ad ligud uanium

wate ppng and storae systems. The retention mpnd strean ha b een intercepged and

is now pmed to the equidizdion b &in of the pocess wate tredment pant. The totd
goss b eta ativity in dischages to White O& Creek from the pocess waste wder system
ad the retention pnd has ranged from 172 to 498 cuies @r yea. The waste dischaged
from the collection system is normdly clea with very little sssppnded madter; b u it vaies
widely in aidity or dkainity, the H rangng from ddod 2.0 to 11.5

The flow of the efflent from the settling b @in is measued & a weir box nea the
wint of dischage to the creek, and commsite sanpes ae collected bya Trebler
poportiond sanper. Raiochemica andyses of these sanpes for seven yeas (198-199)
ae sunmaized in Tdle 1. The chemicd, raioactive, and physicd pogerties of the
wate dischaged from the settling b a&in my be infltlenced by sedimentdion in the b &in
or by hewy gowths of dge, b oth of which ae cag@ble of concentrding raioativity.

11,1213
Process Wate Wader Treament Plant. r Increses in the chemicda pocessing

oerdions and in their raioativity levels @ ORNL since 195 hae incresed the volume
and ativity level of pocess waste wder dischaged to the creek (Tdble 1). On severd
occaions suveys showed tha the level of raioativity in the Clinch River for short
eriods exceeded the recommended aver@e  concentrdion limit for widentified ralio -
nwclides. 2 These incidents emphasized the need for a tredament pant to redwe the level
of raioativity in the pocess wate wder. The redwed levels of ralioxtive dischage
for 195 —19%®, despte severd ralidion incidents, demonstrde tha the tredment pant
operdion puis  monitoring efforts within the Ldb ordory have been of geda b enefit.

The raioactive  contamindion dischaged to the creek ha dwags @sed throuh the
pocess wate wder system & a very dilde soldion chemicdly simila to "had" wader.
The over-dl resudts of extensive ldb ordory and plot pant studies indicded thda a pocess
wate wder tredament pant shodd b e desigbed to we a horizontd-flow lime-soda wder
softening pocess with povisions for dterndive we of phospde coaldion to remove
strontium and the adition of clgy to increme the remova of cesium.

The pant, competed in Awgst 199, is locded nea the centrd monitoring and

diversion stdion d the oulet of the pocess wate wder collection system. It ha a
desigh camity of 0,000 gllons per dg, ad povision ha been mae for fuue
exmmsion to dow le this camity. In adition to the rodine treament of wate, the

pant is desigred to gve spcid tredment to wate contaning d normdly hidh concen-
trdions of ralioisotopes cased by @cidentd or emergency releses.

Figre 7 is a diggan of the failities for tredment and disppsd of pocess wate
wder. When the inlet vadving is operded manudly, the pant receives dl pocess
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wder flowing b etween 8:00 am. ad 8:00 pm,, the mriod when most of the contaminded
dischages occu. This method resdts in (1) the treament of lage volunes which midt
not need decontamindion ad (2) the pssible b ymesing of a&tive wates d nidt. There-
fore, an atomadic diversion vdve wa povided which, in respnse to s merged Geiger-
Mweller t es, mrmits low level wates which contan a geder concentrdion of ralio -
ativity than a pedetermined amount. 24 The 700,000-gllon cagmity equdizdion b &in
serves to minimize flwctuions in the composition of the pant infllent ad to sypy

wate to the treament pant & needed.

Figre 8 is a cu-avyy view of the pocess wate wder tredament pant. Uniform
flow rde throuh the pant is mantaned by two 3%-gllons-gr-minue centrifugh pmp
draving from the equdizdion b a&in. Two gaimetric feeders gy  sluries of lime and
soda ah to the flah mixer, which ha a detention time of 1.5 minues. (A third feeder
is avaldo le for clg, trisodium phosphde, etc., 3 needed.) The three coaldion b &ins
in series, poviding 30 mindes of slow mixing ae followed by 2 hous' settling in a
12 x 70 x 8-foot deep ba@in. The effllent is dischaged to the creek. It can be recycled
throuh the pant for aditionda treament, dthouh this ha not yet b een dtemped.

The sldge tha peciptdes in the settling chamb er contans the ralioisotopes removed
from the waste, A sldge scrger oerding continowisly moves it dong the concrete
b ottoms of the settling chamb er into hogers @ the deep end of the chamber. Vdves
ermit the sldge to dran from the hogers to a 16000-ghion concrete tank for short-
time stor@g b efore dispsa. Two punger-ty pmps  lift the sldge to a m@tly shielded
tank truck, which transports it to the dispsd pts for "hot" chemica waste. A @t of
the sludge can be recycled throuh the tredament pant when this is desird le.

The mechanichd equpnent is designed to dlow mantenance withod draning the
chamb ers, this Udilizing the wate wder & a shield to potect personnel from expmsue

to ralidion from the ralioactive sediments in the chanb ers.

Interim and LongRage Plas for Process Wate Wader. In the ldater @t of 19® a

lek masteancoil stb merged in a highly raioative evagordor soldion in Bulding 3019
resdted in a relemse of ativity into the pocess wate wder system which wa more

seriols than any sinde incident peviowsly experienced. It is estimded tha %0 cuies

of mixed fission podwts wa relesed info the system. A mwh geder relese was
pevented by specid emergency pocedues. The incident demonstrded the need for

more holdyp cagmity in the sypy pnd (equdizdion b &in) for the wate tredament

pant, more tredament camity, more effective treament, ad b etter monitoring in the

pocess wate wder system.

To correct the deficiencies in the system the following meaues ae curently b eing
tdken:
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LEGEND

CONTROL BUILDING
CHEMICAL HOPPERS WITH DUST COLLECTORS (4000 Ib)

THREE OMEGA CHEMICAL FEED MACHINES, GRAVIMETRIC
MODEL LIN NO.t (200lb/hr)

CHEMICAL STORAGE
CONTROL PANEL

TWO STAINLESS STEEL PROCESS-WASTE PUMPS, FAIRBANKS-
MORSE NO. 5422 WITH VENTURI FLOW-CONTROLLERS (30gpm)

TWO SIMPLEX PLUNGER-TYPE SLUDGE PUMPS (7 0gpm)
DUPLEX SUMP PUMP, AURORA NSA-IB (100gpm)

THREE INFILCOVORTI FLOC COAGULATORS (30gpmMAX.)
SLUDGE PIT

LINK-BELT FLASH MIXER (350gpm MAX.)

PROCESS WASTE TREATMENT PLANT
Fig 8
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1. Enlagng the equdizdion b &in for the wate tredment pant from 700,000 to
1,000,000 gllons camity.

2. Instding pmp ad a 6-inch-diameter ppng system to interconnect the settling
b &in and the equidizdion bain and to extend to the wate dispsd aea in the

vdley contaning White O&k Dan.

3. Constructing a 3,000,000-g¢  lons-caity emergncy imppuindment b &in in the shde
formdion nea wate pts Nos. 2, 3, and 4. This impwndment b &in will be served
bythe 6-inch pg line aad pmm to be instdled nea the settling b sin. If the
level of raioativity in pocess wate wder shodd rise to a pedetermined vaie,
this waste codd be pmpd to the emergency immpundment b a&in, which will hold
dbod 3 dgs' norma flow of pocess waste wder. It is exmpcted thda the impuded
wate wder will slowly seep throuh the shde to White O& Creek, leaing the

contamindion on the shde.

4. Impoving the monitoring system in pocess wate wder manholes nea the mgor
podwers of this wate. All the monitoring stdions will have weirs for flow meaue -
ment, continbls  pomrtiona sanpers, and continbls ralidion monitors.  This
monitoring system shodd povide ealy detection of hich raioactivity in pocess wate
wder ad shodd help locde the souce of the raioativity. This monitoring system
wa initided in 199 bu wa never competed. The ORNL Instrunent and Controls
DivTsion is developng a impoved continlols b etaggnma ralidion detection device
for these monitoring stdions & well & a continnols monitor for soft b eta and dgha
detection & the atomaic diversion vadve.

For the longterm panning on tredament and dispsd methods for pocess waste wader,
studies of the following mossib ilities ae b eing male to incre@me b oth the camity and
degee of cleanyp of this strean (see Fig 1):

1. Dow ling the size of the pesent lime-soda pat ad wing floccddion ads to enforce

claificadion. This shodd decremse strontium-90 to 10 times the MFC under conditions
of norma operdion, bu wodd fdl short of this duing periods of contamindion or
when any compexing apents swh & Tuco or versene ae pesent in the waste. Exgeri -

ments ae paned with floccddion ads in the lime-soda pant to test this effectiveness.

2. Addition of a vermicdite tredament step to the efflent from the d ove. This shoud
decrese strontium-90 to the range of 1 to 10 times the MFC, b u the vermicdite

repesents an alditiona solid for disposa.

3. Instdldion of an ion-exchange pocess and we of the lime-soda pant for claificdion
and feed aljistment. This shodd decremse the strontium-90 to 0.1 to ! times the MFC
b u aditiona Idb ordory work is requred for evauwdion of mrformance with @tuw

wate.
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Evaordion shodd decrese the strontium-90 content to 0.01 to 0.1 times the MPC
and wodd pobdly be lest s ject to vaying waste conditions and concentrdions.
It wodd dso be the most expensive tredament of any b eing considered.

Recircddion of dl pocess wder with compete deminerdizdion or evagwmrdion woud
decremse storap poblems and yield b est decontamindion. On the other hand, it

woud repesent the hidest caitd cost.
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