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THE DISPOSAL OF RADIOACTIVE LIQUID AND GASEOUS WASTE 

r 

AT OAK RIDGE NATIONAL LABORATOKY 

J. F.  Manneschmidt and E .  J. Witkowski 

JNTRODKTION 

The Odr. Ridge National Laboratory, functioning as a research center 

for  the Atomic Energy Commission, i s  engaged i n  a wide v a r i e t y  of a c t i v -  

i t i e s  most of which involve la rge  or small-scale operations t h a t  use 

radioact ive substances. Such operations invariably produce radioactive 

gaseous and/or l i q u i d  wastes which r u s t  be disposed o f .  

t h i s  waste may be generated; andp depencling or! the  processes involved, 

hazardous q u a n t i t i e s  of a wide v a r i e t y  of  nuclides may be present .  I% 

is the  function of a m n t r a l  syslxm a t  t h e  Laboratory t o  c o l l e c t  and 

Large volumes or 

remove t h i s  material i n  a manner which w i l l  present t h e  least  hazard to 

the  environment outs ide t h e  AEC conirol led a.rea o r  to t h e  personnel and 

operations within t h a t  area. 

Three c l a s s i f i c a t i o n s  of  l i q u i d  waste e x i s t  a t  the Laboratory--the 

divislion being made according t o  the  r a d i o a c t i v i t y  l e v e l  presents  Low- 

l e v e l  (process) waste water cons t i tu tes  the l a r g e s t  volume and contains 

only t r a c e  amounts OP r a d i o a c t i v i t y .  The process-waste water comes from 

tize equipment cooling systems, f loor  drains ,  laboratory sinks,  and dis-  

charges from other  low-act ivi ty  operat ions.  It i s  the  least radioactive 

of' the l i q u i d  wastes except f o r  sewage and s t o m  water, ye t  it i s  tine 

most d i f f i c u l t  t o  manage because of i t s  combination or" low rad.ioactivity 

and la rge  volwne . 
volume and o r i g i n a t e s  i n  process vesse ls  i r i  Yne labora tor ies  and "hot" 

cells. Other possible  sc,urces of' this 17czste, such as laboratory hoods 

Intermediate-level waste i s  produced i n  much smaller 
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o r  decontamination areas, may be equipped with "hot" drains  which connect 

t o  t h i s  system. !Rie volwne of intermediate-level waste comprises only 

2 - $ of  the  t o t a l  l i q u i d  waste generated by the Laboratory; however, 

i t s  rad ioac t iv i ty  l e v e l  may be 100,000 times higher than Vnat of t h e  

process waste. 

times more ac t ive  t h a r  intermediate-level i s  the t h i r d  type of 

l i q u i d  waste. Since only very small quant i t ies  of high-level waste are  

generated and s ince these are usually permanently s tored or disposed of 

a t  the  point  o f  o r i g i n  and do not  e n t e r  the c e n t r a l  disposal  system, 

they w i l l  not be discussed here .  

High-level waste, which may be hundreds o r  thousands of 

Gaseous waste i s  c l a s s i f i e d  s imi la r ly  t o  l i q u i d  waste. The Labora- 

t o r y  i s  served by a ce l l -vent i la t ion  system, which handles a large vol- 

ume of air containing very small amounts of radioact ivi ty ,  and an o f f -  

gas system, which has a much smaller volume capacity but  which must deal 

with greater amounts of  a c t i v i t y .  

As the Laboratory has grown and expanded, so has the volume and 

a c t i v i t y  of waste produced. 

the waste-disposal f a c i l i t i e s  have been enlarged and modified from time 

t o  time. 

t i o n  included t'ne Graphite Reactor, a chemical-separations p i l o t  plant ,  

and 8 nurdoer of large underground concrete storage tanks. The tanks were 

soon f i l l e d  with highly radioact ive chemical waste and l i q u i d  uranium 

was'bc, and it was found necessary t o  reduce the volume by p r e c i p i t a t i n g  

a s  much a c t i v i t y  as possible  d i r e c t l y  i n  the  tanks and then decanting 

the supernate t o  White Oak Creek. 

I n  order  t o  keep pace with this  expansion 

When the La'ooratory was establ ished i n  1943 the  P i i c s t  constixc- 
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I n  that same year a dam w a s  built across  White Oak Creek and an 

impoundment area created f o r  possible holdup of discharged waste I n  

the s m e r  of  SgLdb a 1,500,000-gal s e t t l i n g  b m i n  was completed t o  serve 

as a co l lec tor  md s t i l l i n g  pond for  process waste. It ~ J s o  permitted 

s e t t l i n g  of rcdioactive sclids from the waste before discharge t o  White 

O a k  Creek. 

I n  1.941) the preeigi t+at ion and de cantation procedure f o r  treatment 

of the highly ac t ive  t a s t e  w a s  discontiuued and replaced by an evapora- 

tion s t e p  which produced a concentrate 'chat '~13,s pemanentJ.y s%or.ed i n  

the concrete tanks and a low-level condensate trhich w a s  discbarged to 

the  creek. The IOir6-t s o i l  disposal  pit was put i n t o  operation i n  l.:l$2. 

This consisted of an excavation i n  tne  ear th ,  which, after being I"5lled 

with waste, would permit seepage tphisough, and decantminat ion by3 the  

s o i l  through sorption. The evaporation process wczs discontinued tvo 

years l a te r .  Since that t i m e ,  the p i t s  have been used t o  dispose of 

what Ls now termed ir i te~nedial ;e- i .e .~~l  iraste . 
I n  1950 Purthcr expansion of  the Laboratory call& f x  nore dras-tic 

revis ions of the disposal. system. A nianitoring system khat provided 

f low rates and proport ional  sampling was added to the  process-vaste sys- 

t e m .  Stainless -steel tanks for the collectLon 02 intermediate-level 

waste were added throughout tine area to provide b e t t e r  segregation and 

volume control  

Fcr gaseous wastes a 250-.f't stil.aks Ci,l.Lers, and e l e c t r o s t a t i c  pre- 

c i p i t a t o r  were added. 
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provide addi t iona l  emrgency impoundment volume as an added safeguard 

and t o  dr ive out  the f i s h  and wild fowl that had been a t t r a c t e d  t o  %he 

lake * 

A wat;er treatment p lan t  f o r  the  decontamination of process-waste 

water w a s  completed and put i n t o  operation i n  1957 and has been i n  con- 

tinuous operation ever s ince.  

The goal o r  radioactive-waste management here i s  t o  dispose of  

wastes as safe ly  and as economically as possible .  The present approach 

i s  as follows: 

1. Chemically t r e a t  the low-level l i q u i d  waste and remove the 

grea te r  p a r t  of the rad ioac t iv i ty  p r i o r  t o  discharge i n t o  the stream and 

r i v e r  system. Dilut ion i.n t h e  r i v e r  then reduces the  concentration of 

i-a-d i o a c t l v i t y  t o  l e v e l s  well below the maximum pmissible concentrations 

s e t  by the National Committee on Radiation Protect ion and the  I n t e r -  

na t iona l  Commission on Radiological Protection. 3 

2. Discharge the intermediate-level waste i n t o  t h e  s o i l  where the 

rad ioac t iv i ty  i s  separated and retained by sorpt ion,  '?ne p a r t i a l l y  

decontaminated seepage eventually reaches the r i v e r .  

3 .  F i l t e r  and/or chemically treat a l l  gaseous waste before d i s -  

charge t o  the atmosphere. F i n a l  discharge t o  t h e  atmosphere i s  made 

through stacks o f  s u f f i c i e n t  height  t o  ensure the d i l u t i o n  of the 

released rad ioac t iv i ty  t o  l e v e l s  below the maximum permissible concen- 

tration. 

4, Eonitor a l l  waste streams before and after discharge t o  v e r i f y  

safe operation. 



INTERPlEDIATE -LE%XL LIQUID IU'ASTE 

Intermediate-level wastes, generated i n  many areas where radioactive 

mazerials are handled ( see  Reactor Wastes, Aupendix A ) ,  are dl srharzed. 

from hot sinks,  glove boxes, and processing vessels  i n t o  I'( underground 

s t a i n l e s s - s t e e l  moriitoriEg tanks a t  the rate of 5,000 t u  10,000 gallday 

( see  flowsheet, Fig.  1) (I 

100 curies  of rad ioac t iv i ty ,  

This quant i ty  oi' waste vi11 con'sain from 75 t o  

The capacity of %he monitoring tanks var ies  

i'rcrn 500 t o  2000 gal depending on the needs of the  buildings served, To 

protec t  t h e  tanks and o ther  waste-disposal equipment against  corrosion by 

come chemicals, especially chlorides 'I the  liquid- i n  the munixorin@ tanks 

i s  kept b a s i c  while the tanks are beling Ti l led  e 

The waste i n  the monitol-ing tanks i s  t iansfer red ,  by pumps ar?d steam 

stainless -steel Lines i n t o  tliree l [ O J  000-gal concrete ,jets, through 2-in 

holdup tanks. 

They are 50 f t  i n  diameter, 12 f t  deep, width 1-f't-thick w a l l s .  

(These tanks trer'e b u i l t  i n  l$3 by the  Cunite process. 

The 5.nsicLc 

mils vere o r i g i m d l y  coated vith an asphal t ic  mater ia l  e ) 

between jets and pumps i s  determinecl by the e l e ~ a l t i o n  0.P ?;he nonitori.lz@ 

tanks a i d  t h e  length of the t ransfer  l i n e s .  

The choice 

The waste i s  temporarily s tored  i n  the  holdup t a u i s  t o  al.iotr shor t -  

l i v e d  a c t i v i t y  t o  decay and t5 then pmped t o  exczvations i n  the earth 

approsimately l 1/2 miles from t h e  Lubora4;or.y for f i n a l  d i sposa l .  

ver t ica l - shaf t ,  packless-type pumps are used ior. t h i s  t r a n s f e r  e 

seal valves are used i n  i;he 2-inQ cast-iron., rechanj.cally joined -trans- 

I'cr l i n e  and. are I.oca"iec2 i n  concrete p i t s  The  pimping i s  scheduled -Lo 

"cake advantage of  a m a x i m u  de cay peyiod wliile maintsinint: an adequate 

tank c a p c i t y  t o  permit per iodic  repxim to %fie tmmsfer equipmeni;. 

LaZour 

Bellows- 

4 
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UNCL ASS I F I EO 
ORNL-LR-DWG 55947R 

LIQUID WASTES 

- 10,000 gol/day 

GRAVITY FLOW 

UNDERGROUND 
s. s MON I TOR ING TANKS, 

FOR CHECK ON 
SPECIFIC AREA 

JET OR PUMP 

PROCESS WASTE 
~ 

350.000 - 500.000gol/day 
COOLING WATER FROM CHEMICAL 

PROCESS VESSELS, FLOOR DRAINS,  
LABORATORY "COLD" SINKS 

GRAVITY FLOW 
THROUGH T I L E  PIPES 

ACTIVITY AND 
SPECIFIC AREAS OR BUILDINGS 

TREATMENT PLANT 
LIME-SODA ASH-CLAY 

REMOVES 75-80% 
OF ACTIVITY 

Fig. 1. Liquid Waste Flowsheet. 



'i%m types of' excavations are used f o r  the disposal  of intermediate- 

level wastes. 

Pig.  2. 

mately one mill ion gal lons.  The covered trench -is 300 ft long arid has a 

capacity of ~ 0 , 0 0 0  gal4 A cross see'cion ol' <;his t rench may be seen i n  Fig.3. 

Thei r  locat tons may 'oe seen i n  -the aerial photograph, 

Each of the "iirec open pi ts  has a storage capacity of approxi- 

The p i t s  anid. 'trench are located. in an area %hat was chosen f o r  waste 

dis,posal because of 'che c'nernical p roper t ies  of the Conasauga shale  and. 

clay :.i'nich compose 'ihe soil, the Pac:'~ tha t  t h e  natural s o i l  draiiiage is  

toward the creek, and. the remoteiiess of the loca-Lion Tram the  main La'uo- 

ra tory area. 

s o i l  'io t'ne creek; aid, as it does, ~3.1.  r a d i o a c t i v i t y  except ruthenium 

and a small amouiit of cobal t  i s  retained by the soil. 

Lnto the creek and i s  released i n t o  Yne Clinch River. 

The waste pvmqpecd il l to the pits and trench seeps through the 

The liquid.  passes 

596 

Until 1-959 open p i t s  were used exclusively f o r  the disposal  of all 

5mLernediate-level ~raste; arid the operation was considered s a f e ,  simple, 

and economical. 

re tained by Yne s o i l .  'Ilowever, strontium retei?.i;ion was good; and, s ince 

s rgO was the  cont ro l l ing  contaminaxit; i n  -the MET, consideration f o r  the 

river, there was l i t t l e  concern over the Hulof; release. 

and early i n  1960 l a rge  amounts of ruthenium wei-c sent  t~ -&e pits. 

During one month Yfie mthenium release increased by a f a c t o r  of 100 over 

t'ne n o m 1  monthly average, and a t  t h i s  time the river concentration began 

t o  increase.  

r a d i a t i o n  became t o o  high t o  send.  personnel i n t o  the area for sampling or 

ouier  purposes (see Appendix A) . 

It had been determined t h a t  rutineniwn was not completely 

Late i n  195.9 

Radiation a$ the pi.L s i t e  also became a problem as t'ne 
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PHOTO 15&9%d 

P 

Fig. 2. ORNL Waste Msposal Area. 
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UNCLASSIFIED 
ORNL-LR-DWG 62i29 

/- ,.4.;.?- 

/ 3-in. TUBE FOR RADIATION MONITORING -..-. 
6-in. PERFORATED METAL PIPE 

-i FOR LIQUID SAMPLING 

Fig. 3. Typical Waste Disposal Trench. 



A covered t rench (No. 5) was put  i n t o  operat ion i n  June 1960 as a 

This trench, temporary expedient t o  e l iminate  the open-pit operation. 

being covered, eliminate& the problem of a high r ad ia t ion  background. 

It w a s  placed i n  an area where seepage t o  the  surface w a s  expected t o  take 

2. much longer t i m e  so t h a t  the  R d o 6  would be considerably reduced by 

decay before it was released.  

Unfortunately, it w a s  found, soon after the  t rench w a s  put i n t o  oper- 

a t ion,  that t h e  seepage rate w a s  lower than expected; and t h e  t rench could 

handle only about h a l f  of t he  intermediate-level waste generated by the  

Laboratory. 

similar i n  d e t a i l  bu t  longer (425 f t ) ,  w a s  constructed and put i n t o  oper- 

a t ion  i n  September 1961. 

To ge t  t h e  add i t iona l  seepage capacity another t rench (No. 6),  

The second t rench w a s  i n  operat ion f o r  only a m n t h  when analyses of 

samples taken from a seepage stream seve ra l  hundred f e e t  away from the  

t rench began t o  show radioac t iv i ty ,  including Srgo. 

movement of strontium immediately ruled out  the continued use of the  t rench 

The indicated rapid 

for waste d isposa l .  

put i n to  the  t rench so t h a t  it d id  not  present a problem of r i v e r  contam- 

ina t ion .  

t h i s  type, has not  been d e f i n i t e l y  es tab l i shed .  

Fortunately,  only a small amount of strontium had been 

The reason f o r  t he  leakage of the  trench, the f i rs t  f a i l u r e  of 

The immediate plans are t o  construct  a t h i r d  t rench.  This t rench 

w i l l  be made i n  severa l  sec t ions  so tha t  i f  a leak  of r ad ioac t iv i ty  i s  

detected from one sec t ion  t h a t  s ec t i cn  may be i so l a t ed  while t h e  others  

are kept i n  operat ion.  

t rench ind ica te  that the  seepage r a t e s  m y  be r e l a t i v e l y  high. 

Tests made a t  the  1ocation.chosen fo r  the new 



At Present,  both the  f i r s t  t rench and t he  open p i t s  are u s e d .  The 

use o f  the open p i t s  must b e  continued . u n t i l  t h e  t h i r d  trench i s  put i n  

operation, at  which time "ihe pits w X l  be fFlled with e a r t h .  To reduce 

the ruthenium seepage problem d-tiring t h i s  peri-od, wastes containing high 

concentrations of rutflenium arc separated and  pe~~ncinently stored- i n  under- 

ground tanks . 
The L&uora-i;ory's 3.ong-l;emn plan 5.s t o  d.i :;conLinue shallow ground. d i s  - 

posal of l i q u i d  wastes. 

concentrating vaste f o r  storage. I t s  construction i s  schetluled- for  coni- 

p le t ion  late i n  19\53 e 

be 5.ng s-tudied , 

To t h a t  end, an evsporator i s  bei.ng cics-igncd. for 

The -O.* I i r i a l  d isposi . t ion of tfle concentrated i<ss%e i s  

The main problem i n  operating the  intermediate-level system i s  -tine 

prevention of unnecessary d i l u t i o n  of tile waste with. water. 

i s  most f requent ly  created through -the difPicul.ty i n  gaining the  coopera- 

t i o n  OS the  large nurnbers cf users of' t h e  waste system. Therefore, the  

operators of  the wa.ste-disposal system must constantly pol ice  .the areas 

where wastes are generated and per iodica l ly  re-educate the workers i n  

t'ncsc areas. 

The problem 

The volumes of xaste received. i n  the monitoi5ng tanks are measured 

regularly t o  d e t e c t  abnormal conditions i n  the various areas. 

l e v e l  i n  every tank i s  telemetered arid- continuously recorded i n  one 

building, t'ne Waste Monitor.i.iig Contrcl Center. The tanks separate the 

wastes o-f the .var:ious operating and laboratory groups e 

di.sposa1 operator becomes familiar wizh tile no-nlal discharges from the 

various areas and &he h a b i t s  o f  the users, he can detect  abnormal rel-eases 

and o f t e n  go direct1.y t o  tile source oi' t rouble .  

The 1iqii.id 

A f t e r  the waste- 



PROCESS WASTE 

Process waste is generated a t  a rate of approximately 1600,000 gal/day. 

It i s  m t e r  from process-vessel cooling systems and drains  i n  laboratory 

and. o1prating areas and may become contaJni,naLed with radioact ive materials 

tinrough malfunction o r  process equipment, spills, o r  ot'ler accidents e 

Under ideal. conditions, process waste should contain l i t t l e  o r  no radio- 

a c t i v i t y .  

The waste i s  col lected from the  sources and PLOTTS by gravity t o  a 

cc)mon point,  the diversion box ( s e e  f lov  sheet, F ig .  1). At the diver-  

sion box th,e waste may be routed t o  an equal izat ion basin f o r  processing 

through the Process-Waste Treatment Plant;  o r  it may be sent  d i r e c t l y  t o  

Yle creek, without processing, by means of a valve controlled automati- 

ca l ly  by t h e  rad-ioectivity i n  the vzs'ce. During the p a s t  year, because 

o:f .a reduction i n  volume, all process waste has been sen t  through the  

treatment p lan t  and use of the divers ion valve i n  the f u t u r e  i s  not 

sn'cd.clpated. ( s e e  Appendix A > .  

Plu.ctuations i n  pH and volume of waste received. From the equal izat ion 

basfn, "ihe 'crsste i s  fed i n t o  'j;he Process-Waste Treatment Plant  vhere 

agproximtely 75% of t b e  activity i s  removed by a modified water-softening 

precess using l i m e ,  soda. ash,and c lay .  7,8,9 The wns-te i s  .then released t o  

the creek, and the  a c t i v i t y  t h a t  i s  removed i s  t ransfer red  with the sludse 

t o  a pit in the  solid-waste b u . r i a l  ground. 

The equal izat ion basin serves t o  l e v e l  out 

Current discharges o f  rad ioac t iv i ty  from th is  system i n to  the creek 

I average 1 cur ie  per mnoniA, wil;'tz Sr9* accounting f o r  about half the  t o t a l .  

Althou& 1;he quant i ty  of Srgo i s  small compared ~? i - t l n  -the mount of' other 

a c t i v i t y  i*e Leased ia'ic i.,i.te creek (nainly i1ulo6 from the intermediate - levzl-  
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waste pi ts) ,  it i s  second i n  importance only to RuloG Prom the standpoint 

of  hea l th  i n  considei:i.i?.g Yfle contamination of' the r i v e r .  When the use til 

the intemed.iate - leve l  -xar,te pi.ts i s  discontinued, strontium wl1.J. be the 

most important caui1;a.minan-t; released t o  the r i v e r .  P r a c t i c a l l y  a l l  the 

str,ontiwn i n  recent  months came from the p r o c e s s - ~ m ~ t e  system, and the 

ruthenium came from f h e  intermediate -level -waste p i t s  . 
Wlile the dilution o r  the r i v e r  provldes a considera'ole red;lctioii 

i n  concentration, the Laboratory's goal i s  t o  reduce the activi'iy- i n  the  

creek so t h a t  a t  the point  of i t s  discharge h t o  the  r i v e r  the acti-vi"iy 

w i l l  be v i t h i n  the i-mximum permissible concentration f o r  the exposure .oi" 

,the residents  i n  the neighborhood of' an atomic-energy i n s t a l l a t i o n .  Much 

progress has been made thus far 'iowrd reaching this goal.  A s  VIE permis- 

sible concentrations have been I.ouered, the releases of rad ioac t iv i ty  

over the p a s t  11t years have a l s o  been Greatly red.uced. 

Controll ing releases i n t o  the process-waste syskm involves persua6.- 

ing  the users  t o  e l iminate  unnecessary discharges of water i n t o  the  sys- 

%ern so t h a t  the total volume of waste does not exceed the capacity of the 

Process -F:atste Treatment P l m t  and eliminating, insofar  as possibl.e, all- 

kilt acc identa l  re leases  of a c t i v i t y  b t o  Y l i s  system. 

aged t o  keep the volumes o r  radioact ive waste t o  a minimum and. t o  d i s -  

charge it i n t o  the interniediata-lcvel-waste system. The success i n  

reducing tne releases t o  date is. due mainly t o  i.ntensive monitorj.ng of 

the flows tlirough the process-waste system tri 'outartes and t o  puompt 

t d e n t i f i c a t i o n  of-' the  releases with the f a c i l i t i e s  responsible.  New 

improved equipment iils-Lalled i n  the system i n  recent months has i.rfiproved 

the effect iveness  o:C tize monitoring wo:& and may mke addi t iona l  . t reat-  

xent of t h e  waste unnecessary (see ApFendix A )  . 

Users are encour- 
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There are nine monitoring s t a t i o n s  i n  the process-waste system. One 

i s  located a t  ehe i n l e t  t o  the equal izat ion basin where a l l  t r i b u t a r i e s  

join,  and the rest are i n  the  main t r i b u t a r i e s  of the  system. 

t t o n  i s  equipped with continuous-flow and r a d i o a c t i v i t y - m e a s u r i ~ ~  devices 

w i t h  telemetering connections t o  the  Waste-Monitoring Control Center 

where tne data i s  recorded. 

each station. 

Each sta- 

A proport ional  sampler i s  also i n s t a l l e d  a t  

A t yp ica l  monitoring s t a t i o n  i s  shown i n  Figure 4, 

One of  the  waste-disposal opera tor ' s  most important du t i e s  i s  t o  

locate  the source of abnormal discharges (volume and a c t i v i t y )  i n t o  the 

system. 

Con-trol Center leads h i m  t o  the  general  area where t h e  discharges occur. 

Knowledge o€ the normal re leases  Prom each area  and the  type o f  work being 

d o x  of ten  enables the operators t o  iden t i fy  a re lease  w i t h  a spec i f i c  

operation. 1nl"ormation tnus obtained i s  immediately re fer red  t o  those 

rcsponsible for  the releases. Corrective measures may, therefore ,  be 

i n i t i a t e d  promptly which otherwise might not be s t a r t e d  u n t i l  more dan- 

gerous quan t i t i e s  of a c t i v i t y  were released i n t o  the process-waste system. 

The data from the  monitoring s t a t i o n s  recorded a t  the  Wzste- 

Proportional samples taken at  the i n l e t  t o  t he  equal izat ion bas in  

are analyzed f o r  dross be t a  a c t i v i t y  every 4 hours, mainly t o  be sure that 

the monitor a t  tinat point i s  i n  good: working order  and t o  give a b e t t e r  

estimate of the  t o t a l  a c t i v i t y  passing through the  system. 

a t  the t r i b u t a r y  monitors may be andyzed  when abnormal discharges occur 

and there  i s  need t o  knov what nucljdes are present  i n  order t o  determine 

the source of the material; otherwise, anal-yses a re  made only monthly 

for inventory purposes. 

Samples taken 



Fig. 4. Typical M d o l e  Monitoring Station. 



CREEK AND RIVER MONITORING 

Normally, a l l  the  r ad ioac t iv i ty  discharged t o  the  creek comes from 

the intermediate-level and process-waste systems. However, there  are 

o ther  routes  which bypass both systems through which a c t i v i t y  may acciden- 

t a l l y  g e t  i n t o  t h e  creek. One of these i s  the  san i t a ry  sewer system 

r:hich discharges i t s  e f f l u e n t  from the  sewage treatment p l an t  i n t o  the  

creek, and another i s  the  storm sewer system which c o l l e c t s  ground surface 

drainage and discharges it a t  severa l  points  i n t o  the  creek. Some a c t i v i t y  

has got ten i n t o  both systems on seve ra l  occasions by seepage i n t o  t h e i r  

loosely joined underground pipes,  from leaking intermediate-level-waste 

l i nes ,  and by improper use of the systems. An incident  occurred more 

than two years ago when a leak  from an underground radioactive-waste lir-e 

zhemeled through t h e  s o i l  t o  t he  szn i t a ry  sewer. This w a s  not  detected 

immediately; and, consequently, t he  sewage treatment p lan t  became contani- 

h a t e d .  The solid-waste b u r i a l  grounds present  another p o t e n t i a l  source 

of  a c t i v i t y  f o r  the creek, although the  seepage from them has thus far 

been in s ign i f i can t  and i s  not l i k e l y  t o  become a ser ious problem. 

To de tec t  acc identa l  re leases  from the  po ten t i a l  sources ,just men- 

t ioned and t o  maintain a complete inventory of a c t i v i t y  releases t o  the  

creek from these sources, from the  intermediate-level-waste p i t s  and 

trenches,  and from the  Process-Waste Treatment Plant ,  monitoring s t a t i o n s  

have been i n s t a l l e d  along the  creek. 

shown i n  Figure 5. These s t a t i o n s  rneasure the  t o t a l  flow and provide a 

proport ional  sample. Resul ts  of themonth ly  analyses of these samples 

are used t o  ca lcu la te  t he  t o t a l  r ad ioac t iv i ty  discharge fo r  the  period 

(see Appendix B)  . 

A t y p i c a l  monitoring s t a t i o n  i s  

c 
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Fig. 5. Monitoring Station on White O a k  Creek. 
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There arc f i v e  s t a t i o n s  such as t h i s  i n  use a t  present .  The loca- 

t ions  83"e shown i n  Fig. 6 *  

from the process-waste system only. 

B a r i a l  Grounds 3 and. b,  irom the proeess-imste system, and a l l  ac%ivi ty  

that may come from She sanitary und stom sewers, 

ac t iv i ty  coming from Buriel Ground 5 and t h e  Homogeneous Reactor T e s t  

s i t e  Tdhich i s  presently not i n  operatlon. 

seeppage from th- open p i t s ;  r o  con-tinuous sam_ul-er is provided For the 

seepage from the t renches s ince grab-samples hnve indicated t h a t  the act- 

i v i t y  is not s i g n i f i c a n t ,  

the entire r.-eleasc i n t o  the Clinch R i x r e r  and i s  operated by the Health 

Riysics Division .) 

S t a t i o n  1 samples the a c t i v i t y  discharged 

S t a t i o n  2 saxples the activity from 

S t a t i o n  3 samples 

Sta t ions  4 and 5 sample the 

S t a t i o n  6, loca-:cl at ~ai-t;e oak am, samples 

Tlie weakest par t  of the monitoring sy:;tmn at present i s  the l ack  of 

a s-t,=tl;.ion f o r  t 3 e  creek east oi" s t a t i o n  1, where storm sewexs from the 

main _part oT the Plant IQo'GI. i n t o  thc creek The combined a c t i v i t y  from 

%he storm sewers, Sewage -Treatmn't Plant,  mil t.hs 'otirial grounds m y  be 

obtcLirLed by subt iac t ing  %be activity rlleasui'ed at station 1 from V l ~ a t  

messured at, WO. 2; but tl-lere i s  no way 130 cepara1-e a c t i v i t y  releases from 

the storm sewer dischargeq Another inmi tor ing  station i s  planned t o  cor- 

re ci; this condikion e 

Samples normally taken st &he creek mcni.torring s t a t i o n s  cover an 

operaking period of one month. 

Ru306, and gross-beta act iviky.  

usual ly  obtained between stat;ion:; 1 throu@ 5 ,and s t a t i o n  6 for  a l l  ac t iv-  

i t y  except, ~u'" which comes mainly 'rorrt the open pits L( 

discharge, masilred at; 5hite Oak Dam, hr,s alvays been Lower than thc  t o t a l  

They are a n a ~ j z e d  Tor ~r'9990, c s  137 , 
A reasonably good mater ia l  balance i s  

Tne ruthenium 
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Fig. 6. Location Plan for  Laboratory Waste Monitoring S ta t ions .  



of the ruthenium discharges from the individual  source:;. Holdup i n  the 

lake bed. may account f o r  t h i s  (see Appendix A ) .  

I n  addi t ion t o  the samgling s t a t i o n s  Jus'c nientioned, dire2.L radia- 

t i o n  monitors are now ins.talled i n  the Sewage 'l'reatinent P lan t  ei";luent 

l i n e  and i n  the creek be tmen the b u . r i a l  ground i n  Melton Valley and the  

maS.n Laboratory area. The s igna ls  from t hese  moni-tors, which measure 

rad ia t ion  only, a r e  a l s o  telemetereci and recorded a t  t h e  Waste -Nonitoring 

Control Center. Their purpose i s  t o  instantaneously notl-i:y the operatoi s 

of any s l g n i f i c a n t  amo~mt; of' e c t i v i t y  released through the sani tnry and. 

storm sever systems. 

GASEOUS WASTE 

Radioactive gaseous vaste  prOdLJ.ced by the  1,a'oora-l;ory i s  derived I r c m  

P. vide var ie ty  o f  sources . Research and development e;rc;ugs a r e  invoI.ved. 

5n experimental s tudies  which include the reprocessing of  reactor  fuel, 

the d-i-sposal of high -level vaste ,  p c r i f i c a t i o n  and. i s o l a t i o n  oi" t r a n s -  

plutonic  elements, and. bas ic  research i n  many other  f i s l d s .  The ORNL 

Graphi-te Reactor (OGl i ) ,  Low-Intensity Testing Reactor (LITR) ,  and. the 

Oak Hidge Research Reactor (OH<) are operated on a continuous 'oasis and 

provide f a c i l i t i e s  I"or nuxerous experiments, including I.oops . Tine mos-t 

extensive radioacti.ve processing operation car r ied  cu t  at the Laboratory 

i s  i n  -the i r r a d i a t i o n  and processinC; oi" numerous radioactive isotopes.  

Over one hundred di.f fei-ent preparations are prod-(iced, ranging i n  q-uuantity 

from millj.curies .tu k i l o c u r i e s .  

The 1mI.k of the  gasecus waste generated by a l l  but  the reac tor  oger- 

a t ions  i s  released t o  t he  atmosphere through the 3039 Stack. This d i s -  

charge I s  divided i n t o  two strecans i n  a manner analogous t o  t h a t  used ir- 



c lass i fy ing  l i q u i d  waste. Cel l -vent i la t ion air or ig ina t ing  i n  areas such 

as laboratory hoods and ce l l s  which may ccititain process equipment. i s  

high i n  volume but  low i n  a c t i v i t y .  The off-gas system, handling a much 

smaller but much more radioactive stream, is connected d i r e c t l y  t o  the 

operating equipment i n  instances vhere ventjng i s  required o r  a reduced 

pressure i s  desired. Ecjth systems are normally used i n  a processing area; 

but, i n  the event of  an off-gas fail.ure, the ce l l -vent i la t ion  system w i l l  

provide secondary protect ion s ince it usual ly  vents the a rea  around t‘ne 

equipment 

A schematic d i a g ~ ~  or” the c e l l - v e n t i l a t i o n  and off-gas systems is  

shown i n  Fig.  7 .  Cell-vent i la t ion air, a t  t’ne rate of  about l52,OOO ex%, 

i s  first f i l t e r e d  through. youghing and absolute f i l t e r s  and then Cis- 

cherged b y  means of e l e c t r i c  blowers t o  the  25O-ft s tack  (see Appendix B ) .  

Laboratory off-gas i s  handled ~ , t  t h e  rate of about 2200 cf’m through 

a system OS: underground s t a i n l e s s - s t e e l  duc t s  from the point  of generation 

where, i n  some cases, it i s  given an i n i t i a l  f i l t r a t i o n ,  scru’bbing, and/or 

charcoal cleanup treatment t o  the 2033 Stack area where it e a t e r s  t h e  

f inal- t reatment  f a c i l i t y  and i s  exhwsted  to t h e  s t ack .  I n  c e r t a i n  areas, 

such as the Fission-Products Developnent Laboratory where there i s  like- 

lihood o f  rad ioac t iv i ty  i n  the off-gns, scrub’oers are employed t o  give an 

initial decontamination.1° On reaching %he s tack  area the off-gas i s  

passed through a caus t ic  scrubber, where the bulk of the  reac t ive  gaseous 

act3 vity (pr imar i ly  1131) i s  removed. 

a c t i v i t y ,  and the gas i s  del ivered to the stack through an electric 

F i l t e r s  then remove par’i;iculate 

hlower ( see  Appendix B> * 

Laboratory gaseous waste is 

Although the princ.ipa1 a c t i v i t y  found i n  the 

at Least 2k other nuclides have been 
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detected i n  s tack emissions during the past year .  It i s  e s t i m t e d  t h a t  

go'$ of t h e  gaseous a c t i v i t y  generatsd by the Laboratory i s  found i n  the  

of€-@%, aiid €or t h i s  reason every e f f o r t  i s  made t o  ensure maximu.m 

decontamination p r t o r  t o  re lease  t u  the environment. 

The equipment j u s t  described w a s  added t o  the system i n  April, 1561. 

The off-gas cleanup equipment i n  use p r i o r  ta -that date consisted oL' n 

f i l t e r  u n i t  and a Cottrell p r e c i p i t a t o r .  

out gaseous n c t i v i t y  . 
No attempt +IUS made tc: scrub 

11 

Tcro o ther  stacks, -ihe 3018 and 30263, czlso contr ibute  t o  the dis- 

charge o f  gaseous waste.  

Graphite Reactore A i r  from the OGR, a t  the r a t e  of 120,000 cim, i s  

d r a w n  through roughing and pol ishing filtees-s similar i n  spec i f ica t ions  

t o  those i n  use i n  the c e l l - v e n t i l s t i o n  system. P a r t i c u l a t e  a c t i v i t y ,  

usual ly  IS3l deposited on dust particles, i s  removed at t h i s  point .  

remaining a c t i v i t y ,  l a r g e l y  A 4 1  r e s u l t i n g  from the  i r r a d i a t i o n  of 

n a t u r a l l y  occurrin(r, argon, i s  disck.,arged i n t o  the atmosphere through the 

200-ft stack. 

not  measured) compyises approximately 8$ of the Laboratory discharge e 

The 3020 Stuck i s  located a t  the  Chemical Pilot Plant  and discharges 

The 36318 Stack dJ.scharges cool ing air  from the 

The 

The a c t i v i t y  e m i t b e d .  here (excluding the  argon, which i s  

v e n t i l a t i n g  air from operating c e l l  areas i n  the p i l o t  p lan t  aiid hood- 

intake air rrom an a n a l y t i c a l  laboratory.  The volume discharged from 

t h i s  area t o t a l s  approximmtely 40,000 ci'm; md, here too, the same type  

ci' f i l t e r s  are used as previously described to remove radioactive psr- 

t i d e s ,  

oi' the measured t o t a l  f o r  thc Laboi*&ttory and cons is t s  of small q u a n t i t i e s  

oi; 1x31 with t r a c e s  ai" tiiie ttmron ciswjitei-r,. 

The a c t i v i t y  discharged from this s tack  amounts t o  only 1 t o  26 
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There arep throughout tile Laboratory, processing areas and. labora tor ies  

which may be served by the off-gas system but a re  not connected t o  the 

cell-venti-lation system. Such locat ions,  i n  near ly  every instance, pro- 

vide individual  f i l t e r i n g  and/or scrubbing a t  each hood, dry box, o r  c e l l  

before i t s  discharge i s  released t o  the atmosphere. I f  tnere  i s  any 

doubt as t o  the complete decontamination of the  gaseous discharge, pro- 

visions a r e  made f o r  venting t o  tne off-gas system. 

It i s  f e l t  t h a t  t'ne g a s e o u s - ~ ~ ? a s t e - d ~ s ~ s a l  system f o r  t h e  Paboratory 

has s u f f i c i e n t  capacity t o  accommodate any reasonable demand which may be 

placed on i t .  It i s  necessary, however, that users exercise  care and 

Judlj;ment. Tne llser i s  responsible f o r  keeping a c t i v i t y  reledses a t  

1evel.s which w i l l .  not overtax t'ne cleanup f a c i l i t i e s .  He must also be 

kept informed of t l e  volw,e r e s t r i c  Lions vhich d i r f e r e n t i a t e  the  c e l l -  

v e n t i l a t i o n  system frorn the off-gas system. The former may 'oe used as a 

standby for t h e  orf-gas i n  emergencies, but i t s  normal function i s  -60 

dispose of large volumes of a i r  a'i, low-activity l e v e l s .  

I n  order to p-ovide inf'ormathn f o r  control and e f f i c i e n t  operatiion 

of the disposal. system and i n  order that; t'ne users of the  system may 

always be aware or the  a c t i v i t y  which they are  discharging t o  the gaseous 

waste, a monitoring system has been instal led.12 This monitoring systen 

provides, f irst ,  continuous surveilJ.ance of  the  a c t i v i t y  being discharged 

through the system and, second, a cnntlnuous ind.icati.on o r  'che various 

chsrac te r i s  t i c s  of  operation, such as floiis, pressures,  rnechalli (:a1 

rs1iabil iLy of the various blowers, e t c .  Inasmuch a? the monitorins of 

s c t i v i t y  i.n gaseous rmste presents ;?robl-ems uilique t o  the nud-ear  

industry and of  special- i n t e r e s t  i n  waste disposal., t h i s  aspect cf  the 

Laboratory moni tcr ing system w i l l  be emphasized - 



Monitoring devices used a t  the Laboratory f a l l  i n t o  two broad c l a s s i -  

f ica t ions .  There are  devices which simply c o l l e c t  rad ioac t iv i ty  over a 

period of t i m e  from a saJiiple stream of gas, and there are devices which 

give a con%iriuous indicat ion of the a c t i v i t y  l e v e l  of  the gas stream 

being discharged. The f i rs t  of t l e s e  Lypes, ca l led  the inventory scmpler, 

cons is t s  of a mer.nbrane filter f o l l o ~ ~ e r l  by a charcoal-Tilled car t r idze  

(see Appendix B )  a 

the  co l lec t ion  assembly; m2tering of the flow i.s accomplished by use of  

a rotameter. Figure 8 shows a t y p i c a l  duct i n s t a l l a t i o n  used- f o r  raonl- 

t o r i n g  the  various brariche:; of the  systemo A probe extends i n t o  the d.uct 

t o  withdraw t h e  sample; and., i n  operztion, t h e  f i l t e r  and car t r idge  are 

changed af ter .  a 24-hr co l lec t ion  period. 

by means of the gamma spectrometer; and, when the sampling r a t e  and the 

y l . 0 ~ ~  through the  duct o r  o ther  passage are l:no?m, the t o t a l  a c t i v i t y  d i s -  

A I-cfm pump i s  used t o  dz-aw the smgle stream throil& 

They are separa te ly  analyzed 

charge f o r  tine period may 'oe calculated.  T h i s  type of sampler i s  also 

usefu l  €or back-checking t o  locate  sources o f  knotrn a c t i v i t y  re leases .  

To provide continuous monitorin[; of the  major flows discharging i n t o  

the stack, moving-tape p a r t i c l e  monitors are provided. Figure 9 s h o w  

Lhe tape d.rive and de tec tor  u n i t .  Radioact ivi ty  col lected on tine tape i; 

measured by the detector tube and count-late meter, not shown here ( s e e  

Appendix 23). 

Figure 10 i s  a flowsheet showing the loca t ions  of these two types oi" 

a c t i v i t y  monitors khroughout the 6ascous-waste-disEosal system. Each of 

the  four main c e l l  ventiI.ation ducts i n  the 3039 Stack area and the d. is-  

charge f'roni t h e  o?P-,-,ss f a c i l i t y  i s  equipped r i i t h  a tape monitor. Invcn- 

' s w y  samplers are located a t  the off-&as discharge and on the cell- 
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Fig. 8. Typical Duct Inventory Sampler. . 
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v e n t i l a t i o n  ducts serv2ng the  Isotopes h e a ;  the 3500 Area, which includes 

the F iss ion  Produzts  DeveI-opment Laboratory and the Transuranic Laboratory; 

and the 4-500 comglex e Inventory samplers are a l s o  locuted iimediaikly 

adjacent t o  c e r t a i n  areas  oi' particular intf:r-est such as %he Segmenting 

C e l l  F a c i l i t y ,  t h e  Sol id  S t a t e  Building, 13uilding h ' J O ' ( ,  and the Isotopes 

Evaporator F a c i l i t y .  In tine event GL' m a c t i v i t y  release i n t o  the gaseous- 

waste sysbern, de tec t ion  ~rou1.d probably be made f i r s t  by the  t u p  monitors 

O L ~  the  major duc'cs o r  by Lhe stack-monitoring equipment. The upstream 

samplers would then be checked t o  ascei*tain the  o r iGin  ol" -the actiivi-i;y. 

The f i l t e r s  and car t r idges  i.n the out lying samplers are changed d a i l y  

but need be analyzed only i n  the event of a s u q e c t e d  re lease .  

o f  Yne s p e c i a l  hazard contributed by the o i ' f - g ~ s  system an addi t iona l  

I n  view 

de tec tor  was added t h e r e ,  It ccnsis ts  of  an ion chamber inser ted  i n t o  

the discharge duci; i'i-om the off-gac f a c i l i t y  ( see  Appndix B) . 
Shown a l s o  on th i s  Plowsheet is a block t i t l e d  "Stack NonitorinG 

Equipment". Since the stack is  obviously the l as t  point c2 possible 

r a d i o a c t i v i t y  de tec t ion  prior t o  reiease, every e f f o r t  i.s rmde here t o  

prcvide the  most complete and eff ic i .ent  monitoring array. The f i r s t  

sample-withdrawal probe t o  'oe i n s t a l l e d  i n  the stack ~7as EL perlorated, 

1 - i n .  s t a i n l e s s  -steel pipe i n s e r t e d  across  the diameter of the slxck at 

the 5O-ft l eve l .  This pipe continued down the  s ide  of' t h e  s tack  and con- 

nected t o  monitoring and sampling devices located on the  ground. 

pieces 02 equipment were at tached t o  t h i s  s.mpler and car r ied  out the 

stack-monitoring Zmct ion .  They were: (1) a nonmoving-tzpe p a r t i c l e  

mcaitor; ( 2 )  ;L moving-tape parb ic le  monitor, s f m i l t x i .  i n  operation LO the 

cne mentioned a'oove; ( 3 )  a charcoal-trap iodine monitor; a d  ( 4 )  on 

FoLtr 



inventory sampler. The nonmoving-tape monitor (Figure ll), Which i s  

s t i l l  rin operation, c o l l e c t s  a samp1.e by drawing a. measured v o l w e  of gas 

through a portion of f i l t e r  tape e The tape i s  simliltaneously, rQ-ilitored 

by a detector  u n i t  and i s  advanced manually. 

the f i r s t  ai;temFt at  continuous monitoring of the  3039 Stack (see  

Appendix E>. The nioving-tape monitor seen i n  Figure 12 was thought t o  be 

a subs'wntial. improvement. 

ta_m which automatically ad-vances on a prese t  time cycle. "he activil iy 

on th.e moving tape i s  not "seen" by t h e  de tec tor  tube, however, u n t i l  

a f t e r  i.i; i s  collected and advanced (see  Append.ix B) I 

This ins-tr~ment represents 

I n  t h i s  device a c t i v i t y  i s  col lected on a 

The charcoal-trap iod-in? monitor (Figure 13) consis ts  of an alwninwc 

cylinder f i l l e d  with charcoal, and monitored by ari ion chamber. 

stream or gas being monitored i s  d r w n  thimuglz the cylinder ( s e e  

Appendix B). 

These rour devices used in conju.nction with the perforated sampling 

The 

probe represented major. steeps i n  the di rec t ion  of r e l i a b l e  ~ n o n i t o ~ i n g  oi' 

tne  3039 Stack. However, it ~ ~ ~ 1 s  evident t h a t  c e r t a i n  modifications needed 

t o  be made i f  the system was t o  have Yne desired s e n s i t i v i t y  Tor a11 t ~ e s  

of  airborne a c t i v i t y  and i f  a more eccurate p ic ture  of the t o t a l  discharge 

was desired.  The most obv-ious shortcoming was i n  the  sampling $1-obe wi'ih 

i t s  80 f.t of associated piping. 

ineff ic ient ,  f o r  many types of a c t i v i t y  found i n  a gaseous discharge and 

i s  pai-.f;:ir:iil.arly useless i n  sampling large p a r t i c l e s  (pea-te-r than 50 p i n  

diameter. 

detect ion ecpipment as near t o  the point  of sampling as possible .  

was accomplished by ei'ecking a bal.cony on the 3039 Stack a'i the 30-f't 

Such a sample withdrawal system i s  grossly 

The f i r s t  move was t o  el.i.miuate the  downcomer and br ing  the 

T h i s  
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Fig. 12. Moving Tape Particulate Monitor, Q-1950. 
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Fig. 13. Charcoal-Trap Iodine Monitor with Ion Chamber. 
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l e v e l  where there  are three penetrations avai lable  f o r  the introduction o f  

s m p l i n s  and nonitorin.:; equipment. N e w  probes were designed, fabrimtee. ,  

and. I .nstalled i n  two of 'che holes.  

t he  50-ft  l eve l ,  thereby shortening the sample t ransport  dis tance by a?; 

leas% 00 Y-L. Numerous t e s t s  indicated t h a t  although t he  veloci ty  within 

Line stack i s  low ( s l i g h t l y  above 500 fpm) mixing i s  s u f f i c i e n t l y  good a t  

t h i s  level. t h a t  a s ingle  withdrawal pmbe located anyvhere within 'Ghe stack: 

('out a t  leas'c 3 ft from t he  wall) w i l l  "see" e s s e n t i a l l y  ag average gas 

composition. Other c r i t e r i a  were also establ ished:  the  curve a t  Yne probe 

t i p  must be as gentle as possible i P  sanpling losses are t o  be kept t o  EL 

xinj.murfi, and Yi?e ve loc i ty  within the sample 1in.e should equal 'che stack 

.relocity i f  the samgle i s  t o  representative wi'ch respect  t o  p a r t i c l e s .  

The equipment was 'chen 'orought up tc i  

The probe assembly i s  shovn i n  Figure 14. It consis ts  of three 

Two arrays such as t h i s  were probes and a flange mounting assembly. 

i n s t a l l e d  with equipment attached a:; shown i n  Figure 15 ( see  Appendix S )  . 
Tape monitors were i n s t a l l e d  on two of the probes: one containing a 

G-M tube for beta-gamma detec"c;on, %he other  a s c i n t i l l a t i o n  c r y s t a l  f o r  

alpha d.ctection . The charcoal-trap iodine monitor, described e a r l i e r ,  

was attached. t o  a t h i r d  probe. 

and replace the inventory sampler f o r  si;ack appl icat ion.  

Two of the probes are of  spec ia l  design 

Each of "chese s_pecisl samplers i s  equipped with a rabbi t ,  o r  s l id fhg  

capsule, designed. t o  hold a cartrridge containing charcoal a ~ d  8 fi.lter . 
When sarflpling, the rabbl'c, w i t i n  car t r idge i s  pushed to the inner end of %he 

suide tube; and the asserd'oly i s  withdrawn completely when the car t r idge i s  

t o  be changed ( s e e  Append-ix B)  Two of these in-stack samplers a r e  pro- 

vided i n  orclcr that dupl icate  samples may occasionally be taken and also 

t o  provide ca l ibra t ion  f o r  each of Yne sanqlling arrays.  
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Fig.  15. 3039 Stack Sampler and Monitorfng Equipment. 



Of t‘ne s i x  probes i n s t a l l e d ,  f i v e  are being used. The s i x t h  i s  

reserved f o r  s p e c i a l  t e s t s  o r  f o r  ac?ditionaL monitor2 ng equipment which 

may be i n s t a l l e d  i n  the f u t u r e .  

A continuous record is kept  of  €lot? rates i n  the c e l l - v e n t i l a t i o n  

ducts,  or€-gas discharge, and s tack .  Tile darts from these instrvmen’is i s  

not  only necessary i’or calculat ing integrated discharges but  is  also a 

valuable check on the over -a l l  cond5tion of the system. 

The 3018 and 3020 Stacks,  mentioned earlier,  have not  ye t  been 

equipped with the  v a r i e t y  of monitoying devices that are i n  service a t  

t h e  3039 Stack since they do not discharge la rge  amounts of p a r t i c u l a t e  

rad ioac t iv i ty .  Inventory samplers Cnd a number of  o ther  devices have 

been i n s t a l l e d .  These furn ish  datu for est imat ing the  d a i l y  a c t i v i t y  

emissions from the Graphite Reactor and t h e  Chemical P i l o t  P l a n t .  

most of the gaseous a c t i v i t y  generabed by the Laboratory i s  routed to the  

3039 Stack, it was o r i g i n a l l y  f e l t  t h a t  i n i t i a l  e f f o r t s  a t  monitoring 

Since 

and ecintrol should be d i rec ted  a t  that s tack.  

The proper assem’oJ-jr of da ta  for. f i n a l  recording and evaluation i s  

of great  importance i n  gas monitoring. 

Center serves  t h i s  purpose f o r  the gaseous-waste system as it does f o r  

tne liquid-waste system. 

The Waste-Monitoring Con’crol 

Infomatiion from t h e  various instruments just 

described i s  telexnetered t o  the center,  recorded o r  indicated,  .?ad kept 

under close survei l lance.  An annunciator system alarms i n  the event of 

an abnormal occurrence. 

Radioactive-waste disposal ,  monitoring, and control  has been sub- 

s t a n t i a l l y  improved a t  ORNL during the  p a s t  15 years.  

e f f o r t s  during tha t  period were ained a t  providing f a c i l i t i e s  and d e v i s h i ;  

While i n i t i a l  



techniques f o r  the handling of increasing volmes of waste and l e v e l s  of 

a c t i v i t y ,  more recent ernxjliasis has 'oeen placed on bet ter  monitorin;; and 

control  and t h e  reduc'iion of the amo-rn-t of act iv- i ty  released t o  the 

environment ( see  Appendix A ) .  

magnitude t o  t'ne r i v e r  system o s  t o  the atmosphere has been recluced.. 

Likevise, the Laboratory i s  b e t t e r  able t o  audi t  i t s  discharges t o  the 

environment. Continuing research i n  the f i e l d  0 2  waste disposal, both 

l i q u i d  and. gaseous, w i l l  undoubtedly br ing &out further improvements i n  

.bile Laboratory's disposal methods and procedures Advance i n  tnese area:; 

end constant e f f o r t  on the p a r t  o f  the processing g:c-oups t o  reduce t h e i r  

a c t i v i t y  re leases  will eventually eliminate the probl.ern of radioactive 

waste disyosal. at ORNL and i t s  associated. hazards t o  oui- environment. 

The risk of  an undetected relaease o:i" any 
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APPENDIX A - 0P.ERATSONS 

Tdastes From Reactor Operations 

Reactor operations podu.ce from 500 t o  1500 gal./day of  intermediate - 
l e v e l  waste or about 15!$ of the total volume a t  the Laboratory. This 

waste usual ly  contains about 1 curie  of rad ioac t iv i ty  and i s  derived p r i -  

rar i . ly  from the regeneration oi' r e s i n  i n  the cooling-water demineralization 

systems a t  the LITR asd O N ? .  

waste comes from reac tor  operations.  

t o t a l  f o r  the Laboratory. 

water from the  OGR storage canal make up the bulk of t h i s  waste, and these 

sources contribute approximately 30 mil l icur ies /day of rad ioac t iv i ty  t o  

1;he Pro ee s s -Waste System. 

q1-iarri;ities i f  t h e  need should a r i s e ,  however. 

From 90,000 t o  110,000 gal/day of pi-mess 

T h i s  i s  approx.imate1-y 2 j$  of ,the 

Cooling water used i n  experiments and overflow 

The :;ys tems are arranged t o  handle much l a r g e r  

As noted i n  the t e x t ,  cooling air from the OGR i s  released 'ihrou.p;h. 

the 3018 Stack. 

t i o n  and off-gas systems which. discharge in.i;o the 3039 Stack. Approxi- 

ma-tely 6000 cfm of a i r  from building venLila-tion and from cell cubicles 

pass 'chrou@1 a c a u s t i c  sci-ubber t o  the c e n t r a l  ce l l -vent i la t ion  system. 

However, tile caust ic  solution i n  the scrubber. begins t o  flow only when 

the  rad ioac t iv i ty  l e v e l  i n  the ORR building exceeds a prese t  l i m i t  and 

then i t s  s t a r t u p  i s  au'coina%ic. Nonmally, no rad ioac t iv i ty  i s  released. 

t o  t h i s  system and only t r a c e  mnou.nts a r e  ever detect,ed; however, the 

poss i l i i l i ty  of a release from experiments o r  fYom the reackor does e x i s t .  

The OM, however, i s  connected t o  both the c e l l  vent i la -  

T'ne ORR i s  served by two off-gas systems. TIE c e n t r a l  off-gas sys- 

tem provides a capacity o f  500 cf'm and a. second "pressurizable" system 

3.s ra ted a t  500 cfm. The pressurizable cn.ff-gas discharges through f i l t e r s  
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and a charcoal bed before being released t o  the 3039 Stack. This  system 

bas i t s  own blower and i s  completely independent 01- the  central of'f-gas 

i ' ac i l i ty  which serves the remainder. 01' the  Laboratory. This is t o  prevent 

acciclental re leases  i n t o  other areas 01- buildings due t o  pressurization 

of a camon system i n  the event of equipmen'c f a i l u r e .  Nomally, only 

small mounts  of  r a d i o a c t i v i t y  are released .i;"rouEl;h these uff-gas systems; 

however, p o t e n t i a l l y  large q u a n t i t i e s  could be released if an experiment 

f a i l e d .  

Conditions Affecting the  Operabion 

of the Intermcdiate-Level-Waste Disposal P i t s  

Until l a t e  i n  1959, open p-its were used exclusively for the d isposa l  

c J i '  all intermediate-level waste. Samples of water taken i'rom the creek 

mid wells ne&r the  p i t s  confirmed t h a t  Rul" was t;he only  nuclide moving 

3.n any s i g n i f i c a n t  quant i ty  and t h a t  Srg0 was being retained i n  the s o i l  

near- the p i t s  with no apparent danger of  i t s  moving i n t o  the seepage. 

The o p r a t i o n  was simple and appeared t o  o f fe r  economy as well as safety. 

Although some Bu105 w a s  being releasEd i n t o  the  Clinch River, Srg' 

released. from the process-waste system and o ther  sources (not the p i t s )  

-.-,-. s t i l l  t h e  cont ro l l ing  contaminant; i n  MPC, considerations.  Wce i n  

lS5g and early i n  1960, however, sevzral  l a r g e  re leases  pr*ornpted a c r i t i -  

cal reappra isa l  of t i e  waste-disposal p r a c t i c e s .  

high discharge of RuloG t o  the  p i t s  i n  Septenber. 

RuLob t r a n s f e r  t o  the  p i t s  w a s  more chan one hundred times Greater than 

One o f  these vas a very 

During t h a t  month, 

the monthly average for  the  previous four years .  This caused 8 s i p i f i -  

cant increase i n  the Ru"' concentraGion i n  the river. 



Although the  i.ncrease i n  ruthenium contamination of the  r i v e r  water 

d id  not create  a iieal'ch problem to the  users downstream, the increase vas 

detected at the AEC's Oak Rldge Gaseous Diffusion PI-ant;, ?,he f i rs t  user 

of the r i v e r  .,rater downstream from the Laboratory, vhere a continuous 

gross a c t i v i t y  monitor and recorder had been i n s t a l l e d  on the water intake.  

A t  t h i s  time also,  the growing inventory of other  nuclides on the  

soj.1 made it necessa.ry t o  re-exmiine the s o i l  disposal  oprrat ion.  By the 

end of  1959, a considerable inven-tory o f  Srgo had 'seen placed i n  Yfle 

open p i t s .  None of  the  samples taken from seeps and wells gave evidence 

cf any s i g n i f t c a n t  movement of s-tr'oiitj.um a c t i v i t y .  However, there appeared 

t o  be no way t o  account f o r  the locat ion of every por t ion  of  the a c t i v i t y  

~a.d t o  pred ic t  with cer ta in ty  i t s  fu ture  behavior. If, %or example, l o c a l  

changes should cause the  s o i l  t o  become ac id  i n  a region containing 

rad ioac t iv i ty  it i s  possible that the rad ioac t iv i ty  m i g h t  be leached and 

gradually move through the soil wit]? ,  some f i n a l l y  rzpp?sring i n  the surface 

streams. 

Iligh radiation background in th.e v i c i n i t y  of  the p i t s  a l s o  became 

a pobl.era. 

it became mare serious af'cer tine high re lease of ruthenium. 

t o  d r i l l  samp1,e wells adjacent t o  the p i t s  could not be considered 

because the bnckground w a s  as high as 1500 mr/hr. 

Retention o f  Ruthenium i n  White Oak Lake Bed 

Exposure o f  personnel during normal operatri.ons had been minor.; 

A proposal 

-- 
The nulo6 measured a t  s t a t i o n  6 i s  always lower than the  combined 

discharge from the p i t s  rnea:r;ured at s t a t i o n s  4 and 5--the average d i f -  

ference over 9 long t i m e  being roughly a f a c t o r  of  tQiol w i t h  peak var ia-  

t i o n s  a s  high as 125. Tbe greatesl; discrcpamcies occur during dry  seasons. 



There i s  no sharply defined stream between tihe waste pi'& and White Oak 

Creek so  the liquid- seeping lrom the  p i t  must move toward the  creek through 

a w i d e  swampy area. During the  dry-weather periods, the  re ten t ion  time 

by the s o i l  and vegetation i n  t h i s  zrea i s  g r e a t e s t .  Neasurements made 

by the  O W L  Health Physics Division ind ica te  t h a t  the suBsurface act ivi- ty  

i n  the stmmpy area i s  moving toward the creek very slowly, so t h a t  the 

swamy, area serves as a 1-ong-term stcrage area which permits a large p r -  

'iion of the  Rulo6 t o  decay. 

Process-Waste Control 

Progress in the  cont ro l  of process waste has been accomplished i n  

two ways: by tae i n s t a l l a t i o n  of the ProcessJdaste Treatrent  Plant  i n  

1.957 and by reducing discharges a t  the many sources. Two sources, the 

G s q h i t e  Reactor storage canal and the Isotopes Area, p resent ly  contr ibute  

about '75;; oi' the a c t i v i t y  car r ied  b-y the proc:ess waste system; and cor- 

r e c t i v e  measures are being taken t o  e l iminate  the discharges from both 

c:f these areas. It i s  hoped t h a t  f u r t h e r  reduction of r a d i o a c t i v i t y  

necessary t o  reach the goal set f o r  the  Laboratory will be accomplished 

'by s t r i c t e r  control  of releases into the system by the  users .  If t'nis i s  

Sound t o  be inadequate, plans are being made t o  remove the a c t i v i t y  i n  

the waste by addit,ional processing. One method being developed uses a 

resin-bed ion-exchange process.  

evapora-Lion 

Another method being considered is  

Reporting oi' Information 

To complement the da.ily monitoring and contacts with the users ,  a 

d a i l y  record I s  kept of the signi€.i ifant volumes o€ intermediate-level 

wa5te received i n  t h e  monitoring tanks, tine volume of process waste 



generated by each area,  and the t o t a l  release from each of the three 

s-tacks, This record i s  sent  weekly to  the main contributors,  t h e i r  super- 

visors,  and the Radiation Safety and Control Office.  Each month a corn- 

plete  summary of this InformaLion i s  prepared, together with data  on 

discharges bo the creek and to the i:iVeY. Compari.son with past perform- 

ances i s  mad.e, arid abnormalities i n  operation are discussed. T h i s  repor t  

i s  f o r  the information o f  Laboratory management and i s  d i s t r i b u t e d  among 

all. those i n t e r e s t e d  i n  waste dis_msal.. 

Vide dissemination of  this information a ids  i n  keeping a l l  l e v e l s  

of operation and management constan-bly aware of waste disposal. probl.ems 

and i n  holding the discharged waste volume and actl .vity t o  a. minl.mum. 



APPENDIX B - EQUIPM3NT 

Divers ion Box 

The Diversion Box, which routes the process waste water l'lotr eit'lrer 

through t h e  Weste Treatment P len t  OY around it, i s  equisped with i'low- 

measuring equipment, a proport ional  s m y l e r ,  and radiat ion-detect ion 

devices.  

sensing device 

Flow i s  measured by means of a weir and bubble-type l e v e l  

This level i s  recorded as flow on a c i r c u l a r  chart ,  and an integra-Lor 

t o t a l i z e s  the volume passing over t a e  weir. 

the power supply f o r  a systol ic- type sampling pump so as t o  provide CL 

sm@e which i s  proport ional  t o  the f low being measured. A t  the  same 

The i n t e g r a t o r  also actuates  

time, a current  pulse i s  telemetered to a receiver  at the  Waste-Monitoring 

Ccmtrol Center, where the flow i s  azain recorded. 

A submersible pump? located i n  the p o d  above t h e  vcir, pumps u. 

continuous stream of l i q u i d  through a shielded container housinC; a G-M 

tube de tec tor .  The count-rate meter, which receives and amplifies the 

s igna l  from the detector ,  a l s o  ac tua tes  a pulse-type telemeter t rans-  

Mtter,  send-ing a signal t o  %he Control Center Building i n  t h e  sane 

manner as the flow measuring system. 

The rad ia t ion  signal also controls  the a c t i o n  OS the d i i e r s i o n  valve. 

By p r e s e t t i n g  a rad ia t ion  l i m i t ,  the  divers ion valve can be made t o  change 

g o s i t i o n  i n  case o€ r a d i o a c t i v i t y  r ise thereby channeling the  process 

waste through the Waste-Treatment P l a n t ,  

below the  l i m i t ,  the valve automatically changes t o  i t s  f i rs t  position 

and the  waste i s  sen t  d i r e c t l y  t o  khite Oak Creek. 

s e t t i n g ,  the flow can be permanently set  i n  e i t h e r  pos i t ion .  

year the  voliune of process waste received a t  the divers ion box has 'been 

When the rad ia t ion  l e v e l  d r o p  

I3y use of a "manual' 

For over :I 



low enough .to permit continuous flow through the treatrflent plant,  and 

the valve has 'oeeil ~ ~ ~ a n - ~ z l l y  held i n  tha-t posi t ion.  

Stream Nonitors 

Flow i n  'die streams j~s measured. by eitlner V-notch weirs o r  

Cipol le t t f  t rapezoidal  w e i r s  used i 11. conjunction with bubble -type l e v e l  

serisors. This equipment i s  similar t o  that found at the manhole monitor- 

ing s t a t i o n s  an6 described. e a r l i e r .  Lnstrumentatian a t  the  s f t e  provides 

a continuous recording of the i " lo~ .~  m d  a lso  indicates  the to ta l .  flow 

passing over the weir. 

providing a s'm@e proport,ional t o  the flow i n  'ihe stream. T'ne sample 

container i s  emptied d a i l y  i n t o  a la rge  vessel; and, a t  the end of each 

~onth, the  r e s u l t i n g  composite sample i s  anal.yzed e \4Inen the total volume 

flawing by the s t a t i o n  during the rmn'ck and. the  scunyle-to-flow r a t i o  a r e  

known, the t o t a l  rad ioac t iv i ty  dischargge f o r  tine period can be de ter -  

mined, 

information teleme tered . 

This in tegra tor  a l s o  opera-tes a sampling pump thus  

No radiaxioii -detection i s  provided i n  these s'catlons nor i s  

C e 11 -Vent i la t  i on E qiiipnent 

Cell-ven-ti lation ai.r i s  car r ied  .t;hiWil.& a i1etiqoi-k of underground 

concrete and steel. ducts t o  the 3033 Stack area  where it reaches the 

blowers. These discharge tlirough -three 4.- by 6-f.t; breeches i n t o  ,t;he 

250-ft stack. Fibters are instal led.  i n  branches of the ce l l -vent i la t ion  

system. These consl.st, of glass-f iber  roughing f i l t e r s  followed by 

absolute filters that have a removal eff ic iency of 99.95 f o r  0.3  p 

p a r t i c l e s .  

triea1.l.y dri.ven, high-capacity, low-vacuum exhausters.  Two s t e m -  

driven uniiis are availa,ble as s-ta.ndbys and a,rc piit i.iito service auto- 

The a i r  i s  moved. through. the ducts by means of -three e lec-  
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matical ly  i n  the  event of a power f ' s i lure  of the loss of  ce l l -vent i la t ion  

negative pressure.  The capacity of the system i s  200,000 cfm with the 

current  usage being about 152.000. 

8-in.  water gauge i s  maintained a t  the fan suction a t  a l l  tixes. 

A minimum negative pressure of" about 

O f f - G a s  Eqo. ipmnt( l3)  

Tlie off-gas stream, on reaching t h e  s t s c k  area, i s  f i r s t  passed 

throu& a mult i -cel l ,  absorber-type a i r  wastier where it i s  scrubbed w i t h  

a 0.5$ caus t ic  so lu t ion .  

llO°F, and it i s  f i l t e r e d  through rc,uging and absolute f i l t e rs  f o r  

par%i.de removal and then i s  passed through s i lver -p la ted  copper mesh 

f o r  f i n a l  removal of  iodine.  The roughing, o r  p r e f i l t e r ,  is of f i b e r  

The temperature of the  gas i s  then ra i sed  t o  

glass; the  pol ishing f i l t e r  is  a pleated,  Cambridge, absolute,  paper u.nit 

having an e f f i c i e n c y  r a t i n g  of g r e a t e r  than 99.95% f o r  0.3 p p a r t i c l e s ,  

The over-a l l  e f f ic iency  i s  estimateti a t  about 50% fo r  gaseous a c t i v i t y  

and 9p$ for p a r t i c u l a t e  a c t i v i t y . ,  

by means o r  an e l e c t r i c a l l y  driven, Roots-Connersville, pos i t ive  displace-  

The off-gas i s  exhausted t o  the s lack  

ment blower with a total capacity 01' 4000 cTm a t  a negative pressure of 

55 i n .  water g m g e .  Current usage 02 off-gas i s  abou'c 2200 cfm. An 

automatically operated steam-driven blower i s  a l s o  i n s t a l l e d  for  emer- 

gency use during e l e c t r i c  power. iail.ure. 

This system i s  new, having been placed i n  operation i n  April, 1961. 

The system it replaced consisted of f i l t e r s  and a '15-kv, Cottrell, elec'cro- 

s ta t ic  p r e c i p i t a t o r ,  This equipment; i s  s t i l l  operable arid i s  maintained 

as zsn a u x i l i a r y  i n  the  event of a forced shutdown OP the  new equipment; 

however, t h e  cctpacity of t h i s  system Ls only 2000 cfm a t  a negative pres- 

sure of 45 i n .  water gauge. 
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Inventory Sampler 

A 2-in.  Gelman-type Green-"/ membrane f i l t e r  i s  being used a t  present.  

The car t r idge i s  1 1/2 i n .  long, 3 /8  i n .  i n  c'li~ane-ter and contains approx- 

ir iately 3 g~ of coconut charcoal. 

sample stream thl-ough the C O l k C t i G i l  assembly; metering of  the flow i S  

accomplished by use of a ro-Lanieter. 

,4 l-efm Gas% purnp i s  used t o  draw the 

Mo vi ng -Ta-pe Part i c le I'bili to 1- , Q -2 3 23 

An air  samp1.e stream i s  dram through a 3-in. paper tape f o r  a prese t  

period. o f  tire; -tine accumulating a c t i v i t y ,  primarily p a r t i c l e s ,  i s  mon- 

itored during t h i s  tine by a side-window G-M tube o r  o-i;i.ier' type of 

detector  held i n  n shielded enclosiAl*e. 

and i L s  count-rate metei' i s  recorded. Af te r  thz prese t  time has elapsed, 

the t a p  automatically advances. The tape may also be advanced remotely, 

on demand, by LLie opci-atoi-a 

br-eak or a shortage of 'cape supply. 

Tke ac-tj.vity "'seen" by the de tec tor  

Guaid. switches on t'ie u n i t  s igna l  a tape 

O f f - G a s  Dischsrse Ion Chm'wr 

A Reu-ter Stoker, Company, Type IEG-1, ion chamber i s  used here.  T h i s  

instrument, Tvh.icli i s  qiJ.ite sens i t ive  t o  g m a  ra,dlation, transmits a s ignal  

first t o  an e l e c t r o m t e r  and then -kc3 a recorder.. Since i t s  insLall.a"c.oK., 

"ibis device has perforaed r e l i a b l y  nnd wj th a minimum of riiaintenance . 
Nonmoving -Tape Par t  i c3.e Monitor 

The nonmoving-tap g a r t i d e  monitor was the  f i r s t  conttnuous nionitor 

bo 'ne developed f o r  an OKNL s tack ,  A measured stream of sample gas i s  

drawn through a 2-in.  Til . ter  tape located adjacent t o  a side window G-M 

tube.  Buildup o f  ac-tivj-ty, tkius detected,  i s  recorded atid serves as a 

mzasure of stack Deh&vtor. T'ne tape i s  changed d a i l y  by pul l ing %Inrough 

the c o l k  c-tgi_oii block, ami2 :;he deposi-Led radioi: c t i v i t y  i s  analyzed. 



Moving-Tape PsLr.i;icle Monil,or, Q-1950 

The moving-tape p a r t i c l e  monitor i s  an e a r l y  model and employs a 

1 1/2-in.  f i l t e r  tape whlch is  normally advanced on a 3O-rninute t h e  

cycle.  The de-teetor used here i s  a 2 me end-.cj.indow, G-M tube which has 

a h i @  s e n s i t i v i t y  t o  b e t a - g m a  actLviiy. 

Charcoal-Trap Iodine IiIonitor 

The charcoal-trap iodine monitor’ cons is t s  02 an aluminnm cylinder 

lk -In. long x 4 i n .  i n  dime t e r ,  f i l l e d  - t r i i ; h  about 750 ~f lk-mezh 

charcoal. 

i n t o  a well through the center  of -the cyl inder .  A n y  z’osorba’ole a c t i v i t y  

An ion chamber (Reuter Stokes Company, Type RSG-1)  i s  inserted 

i s  re ta ined  on the charcoal, and the  accumiiila-tion i s  detected by the ion 

chamber. The s i g n a l  i s  s e n t  t o  an electrome&r and recorder.  This 

ino+,rument i s  very sensit ive and has required l i t t l e  maintenance. 

3039 Stack-Sample Wit;tzdrawal Probes, Q-2285 

The probes a r e  of  1 - i n .  s t a i n l e s s - s t e e l  tubing which extend 4 2% 

i n t o  t’ne s tack  and curve dovnward on a 4 - f t  rad ius .  

are bevelled to a sLiarp edge. 

‘LT~TO holes spaced 45’ itpart. 

The col-lectin@ ends 

A set of probes was i n s t a l l e d  i n  each of 

Operation of  In-Stack Sampler 

When the  in-stack sampler i s  operating, the  “r&%itf’ carryiniS, t h e  

i’ill-er and charcoal car t r idge  seats firmly against  The inner  Lip o r  the 



one and i s  pushed back down the guide tube, after which the flexible 

'cubing is reconnected and sampling s tar%ed once again. During t h e  

removal operation, seals a t  the e x i t  end of the  guide tube prevent Yne 

release o f  contarfiinated ail- t o  the outside. 

T h i s  device, ~ ~ i t i i  Yne withdrawal probes previously described, makes 

up the complete sampling array. 
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