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OVERAIL STRATEGY AND PROGRAM P l l w  FOR MANAG3XENT OF 
RADIOACTIVELY CONTAHINATED LIQUID WASTES AND 

TRANSURANIC SUTDGES AT THE OAK RIDGE IONAL LABMATORY 

L. E. McNeese 
J. B. B e r r y  
G .  E. Butterworth I11 

T. M. Monk 
B .  D. Patton 
J ,  W. Snider 

E .  D .  C Q l 1 h . S  

1. EXE(SUT1VE SUMMAW 

The Oak Ridge National Laboratory (ORNL), from its inception in the 
early 1940s, has operated numerous facilities which have generated 
radioactively contaminated liquid waste (LW). During much of this 
period, these wastes have included significant levels of transuranic 
(TRU) elements because o f  early operation o f  nuclear fuel reprocessing 
pilot plants, as well as the preparation and use of  radioisotopes. A n  
extensive underground system has been used for collection of these 
wastes, which are concentrated by evaporation. Through 1984, the 
concentrate was converted to a grout and disposed of  on the Oak Ridge 
Reservation (Om) via hydrofracture in shale format ions -1100 f t below 
the surface. Because the incremental operational cost for such disposal 
was very low (-$l.OO/gal) and because these costs were not borne by the 
waste generators, this approach for managing LW was optimized to use to 
advantage the low cost for LAW management arid to minimize production of 
other types of wastes. 

The use of hydrofracture w a s  terminated after 1984, and LW 
concentrate has been accumulated and stored since that time. Currently, 
titie volume of stored LW concentrate is near the safe fill limit f o r  the 
1.1 storage tanks in the active LW system, and significant operational 
constraints are being experienced. The tanks that provide the st::orage 
capacity of  the active TAW system contain significant: volumes of TRU 
sludges that hnve been designated remote-handled transuranic (RH-TRU) 
wastes because of associated quantities of other radioisotopes, including 
90Sr and 137Cs .  
contain significant volumes of  TRU waste ltnd radioactive LW. Many 
options ase being considered in the closure. plans for the inactive tanks, 
and removal of the TRU waste may be necessary. In addition to the concern 
that stems from decreased operational flexibility, it is recognized that 
a lack of adequate storage volume for LW jeopardizes ORNL’s ability to 
ensure continued conduct of research and development (R&D) activi-ties 
that generate LW because an unexpected operational incident could 
quickly deplete the remaining storage volume. 

Thirty- three additional tanks, which are inactive , also 
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Accordingly,  a planning team comprised o f  s t a f f  members from the OKNI, 
Nuclear and Clieroical Wastx: Programs (NCWP) was c rea t ed  f o r  developing 
recommended ac t ions  t o  be taken f o r  management o f  LW. The primary 
recommendations f o r  the  near term (mid-1.988 through E’Y 1.990) a r e  t o  
irnplernent in- txnk evaporat ion i n  the a c t i v e  LV s t:orage tanks f o r  removal 
of  water from the  s t o r e d  LW concent ra te  and t o  proceed with the  planned 
i . n i t i a l  Eiwrgency Avoidance S o l i d i f i c a t i o n  Campaign (EASC) t o  r ega in  a 
s i g n i f i c a n t  i n i t i a l .  i-ncrement o f  LW system ope ra t iona l  f l e x i b i l i t y .  

The primary recornmeridairions f o r  t he  in te rmedia te  t e r m  (FY 1990 
chrough M 1 9 9 7 )  a r e  t h a t  (1) disposa l  of RH-TRU sludge and a s soc ia t ed  LW 
a t  t he  Waste I s o l a t i o n  P i l o t  P lan t  (WIPP) be adopted as the  primary waste 
iiianageirient approach f o r  the  cu r ren t  waste inven to r i e s  and ( 2 )  a con t in -  
gency pl.an f o r  f r e e i n g  s i g n i f i c a n t  LW tank volume be i.mplemented t h a t  i s  
not suscep t ib l e  t o  p o t e n t i a l  problems a s soc ia t ed  with the  primary 
approach. 

Rela t ive  t o  the  long-term management o f  LW, a prograrn p lan  i s  
presented  w h i c h  ou t1  irie:; work requi i  ed f o r  the development of a di sposal  
method f o r  each o f  t he  l i k e l y  f u t u r e  waste streams a s soc ia t ed  with LW 
management a t d  the  disposal  of t he  bulk  of the r e s u l t i n g  s o l i d  waste on 
the  Om. 



2. ImoDuCTIoN 

To provide perspective concerning the need for and approach taken 
during conduct of this study and development of the resulting program 
plan for treatment, solidification, storage, and disposal of present and 
future materials collected within the ORNL liquid low-level. waste (LLLW) 
system, information is presented in this chapter on the following topics: 

2.1 Background 
2 . 2  Objectives and Approach 
2.3 Scope of  Planning Efforts 
2 . 4  Recognized Constraints 
2.5 Overall Goals 

2.1 BACKGROUND 

The background for this strategic planning effort is discussed in 
terms of the following questions: 

a How did we get here? 

e With what are we dealing? 

a What are t h e  primary eleme.nts of the  problem? 

e What are the consequences of nonaction? 

2.1.1 How Did We Get Here? 

From its inception in the early 1 9 4 Q s ,  ORNL has operated numerous 
facilities that have generated radioactively contaminated LW. During 
much o f  this period, this waste has included significant levels o f  TRU 
elements because of early operation of nuclear fuel reprocessing pilot 
plants. I n  addition, radioisotope preparation and usage have produced 
additional quantities o f  LLLW and TRU waste which have been discharged to 
the LW system. Numerous waste management approaches have been employed 
during the history of the Laboratory, and the supporting facilities for 
collection, treatment, and d i sposa l  have varied significantly over time. 
In particular, an extensive underground piping system has been employed 
f o r  the collection of LW. 

During most of: this period, the LW collection and transfer system 
(CAT) was designated as an intermediate-level waste (ILW) system, and 
the discharge of TRU waste into the system was accepted practice. In 
1984, the Department of Energy (DOE) requested that the I L W  designation 
be changed because. thereafter only LLLW and l i q u i d  high-level waste 
(LHLW) would be recognized. Accordingly, the ORNE ILW system was 
redesignated as an LLLW system even though the active and inactive parts 
of the YLW system contained large quantities of TRU waste arid means were 
not available for avoi-ding continued inclusion of  TRU waste in LLJ 
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discharged t o  the system. More r e c e n t l y ,  environiwntal  mixnagement 
procedures have been w r i t t e n  t o  p r o h i b i t  discharge of TRU i so topes  t o  the 
LJLIJ system without regard  f o r  t he  f a c t  t h a t  t h e r e  a r e  no means f o r  
avoiding discharge o f  '1'RU waste t o  the system o r  f o r  t he  f a c t  t h a t  t he  
system con ta ins  l a rge  q u a n t i t i e s  of TRU waste .  Because the  c u r r e n t  waste 
CAT system cannot be operated a t  p re sen t  a s  an T..J.,LW system, i t  wi1.l 
henceforth be desi-gnatzed as an LW system i n  t h i s  r e p o r t .  I n  the  long 
t e r r a ,  i t  should be poss ib l e  t o  opera te  the  LW system i n  a manner t h a t  
a l l o w s  s o l i - d i f i c a t i o n  and disposa.1 of LLLW on the  ORR while  minimizing 
the  a s soc ia t ed  q u a n t i t i e s  of  RH-TRU waste and o the r  s o l i d i f i e d  LW which 
must be di-sposed a t  a s i t e ( s )  o ther  than the  ORR.  

Through 1984, the LU was concentrated v i a  evapora t ion ,  and the  
r e s u l t i n g  concent ra te  was converted t o  a grout  which w a s  di.sposed o f  on 
t h e  ORR. v i a  hydrof rac ture  i n t o  sha le  formations -1100 f t  below the  
su r face .  The incremental  ope ra t iona l  c o s t  f o r  dj-sposal of  LW v i a  
hydrof rac txre  was very 1-ow (-$l.OO/gal). I n  a d d i t i o n ,  p r a c t i c a l l y  a l l  
c o s t s  f o r  opera t ion  and maintenance of t he  L!J system were borne 
by prograrr,mat.i.c funds not r e l a t e d  t z o  funding fo r  t he  waste gene ra to r s .  
This r e s u l t e d  i n  an LW genera t ion ,  t rea tment ,  and d i sposa l  system t h a t  
was consciously configured i n  a mal-mt?K t o  use t o  advantage the  low cost: 
f o r  col-l.ection, treatsnent, and d i sposa l  of LW. 

2.1.2 With What A r e  We Dealing? 

The use of  hydrof rac ture  was teriiri.nated a f t e r  1984, and TAW 
concent ra te  resul-t i t ig from evaporat ion of t he  as -genera ted  LW has been 
accumulated and s t o r e d  s ince  t h a t  time. The r e s u l t i n g  vol.ime o f  s t o r e d  
waste concent ra te  has increased s t e a d i l y  s i n c e  1984, and the  t o t a l  volume 
i n  s to rage  i s  c u r r e n t l y  a t  a l e v e l  t h a t  Tesu l t s  i.n s i g n i f i c a n t l y  
decreased ope ra t iona l  f lex ih i .1  i t y  of  the  LW evaporator  and a s soc ia t ed  
waste concent ra te  s torage  system because most  of  the  a c t i v e  tanks a r e  at: 
o r  near the safe f i l l  limit. An aggressive waste minimization program 
has been pursued during the  pas t  3 years  t o  rn-lnimi.ze f u r t h e r  accumulation 
of  LW concen t r a t e ;  howexrer, a d d i t i o n a l  s t e p s  a r e  necessary t o  adequately 
handle p re sen t  and f u t u r e  CLLW a-rrt l  a s soc ia t ed  TRIJ waste"  

Because the  d i sposa l  o f  LIJ concent ra te  v i a  hydro f r a c t u r e  was 
r e l a t i v e l y  inexpensive,  the var ious  waste management f a c i l i t i e s  were 
configured and opt imized,  over a per iod o f  y e a r s ,  f o r  minimizi.rrg the  
production o f  waste t y p e s  o ther  t%an Z,W. A s  a r e su l - t ,  an important 
element o f  the  cu r ren t  planning a c t i v i t y  cons i s t ed  of determining how 
the  p re sen t  LW system should be reconfi.gure3 t o  decrease LXJ concent ra te  
generati.ori and s to rage  t o  levels below those achieved a s  a r e s u l t  of  
waste minimization e f f o r t s  during the  p a s t  3 yea r s .  

T h e  11 tanks t h a t  provide the  s to rage  capac i ty  of t he  a c t i v e  LW 
system conta in  s i g n i f i c a n t  volumes of TRU s ludges which have been 
designared RN-TRU waste:: because oE associated quantities of LLLV. 
The s ludges r e s u l t  l a r g e l y  from the  e a r l i e r  d i sposa l  v i a  hydrof rac ture  
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of s ludges f r o m  t he  OKVL gun i t e  t anks ;  during t h e  d i sposa l  ope ra t ion ,  the  
waste storage tanks loca ted  i n  Melton Valley w e r e  used f o r  in te rmedia te  
surge capac i ty ,  and some of  the  s ludges were ;tot removed from these  
8 tanks .  
and/or LLLIJ a r e  now i n a c t i v e  b u t  conta in  s u b s t a n t i a l  a d d i t i o n a l  volumes 
of  l i q u i d s  arid s ludges ,  The presence of l a r g e  q u a n t i t i e s  of  TRU waste i n  
the  a c t i v e  LW system has, of  n e c e s s i t y ,  broadened t h e  scope sf trhe 
p resen t  planning a c t i v i t y  beyond cons idera t ions  o f  p re sen t  and f u t u r e  
J..LLW treatment  and d isposa l  t o  include a c t i o n s  and c o n s t r a i n t s  a s soc ia t ed  
with the  t reatment  and d i sposa l  o f  t he  l a r g e  q u a n t i t i e s  of RH-TRU wastes 
coratai ned wi th in  the  LW system. 

T h i r t y - t h r e e  a d d i t i o n a l  tanks t h a t  !lave rece ived  TRU wastes 

2.1.3 What Are the Primary Elements of Che Problem:! 

The primary immediate concern stems from the  decreased ope ra t iona l  
f l e x i b i l i t y  which i s  being experienced i n  opera t ing  the  IJW col.lecti.on, 
t rea tment ,  and s torage  system. I n  add i t ion  t o  the decreased ope ra t iona l  
f l e x i b i l i t y ,  it i s  recognized that: a l ack  of  adequate s to rage  volume f o r  
L\J concent ra te  jeopard izes  ORNL’s a b i l i t y  t o  ensure continued conduct of 
R&D a c t i v i t i e s  t h a t  generate  LW bei:aelse an unexpected ope ra t iona l  
i nc iden t  t h a t  produces a s5gni.f i c a n t  volume of L W  could r a p i d l y  dep le t e  
the remaining UtJ s torage  capac i ty .  Even i n  the  absence of an ~mexpected 
ope ra t iona l  i n c i d e n t ,  t he  reinaining LW s to rage  capac i ty  i s  expected t o  be 
deple ted  by the fourth qua r t e r  of l;li 1 9 8 9 .  Clea r ly ,  a prac t ica l .  1.ong- 
term approach f o r  t reatment  and d i sposa l  s f  LW m u s t  be implemented a f t e r  
near- term and i -ntermediate-  term measures have been taken f o r  f r e e i n g  some 
tank volume. 

at A r e  the Consequences of Nonaetiam? 

If t imely ac t ions  a r e  not  taken f o r  addressing the  need for 
i nc reas ing  the  a v a i l a b l e  s torage  v3Iume i n  the L W  tanks,  the fol lowing 
consequences w i l l  e i t h e r  occur o r  a r e  h ighly  l i k e l y :  

shutdown of  c r i t i c a l  and unique l abora to ry  R&D f a c i l i t i e s  and 
i so tope  product ion c a p a b i l i t i e s  which generate  LN; 

l o s s  of OWL, dominance i n  affected R&D areas ;  

i n a b i l i t y  to remove inven to r i e s  from i n a c t i v e  tanks which may 
con t r ibu te  t o  groundwater contamination; 

Tn t he  event of  a n  unplanned event thar produces l a r g e  
q u a n t i t i e s  s f  LW, the  Laboratory could be forced  t o  use L,W 
s to rage  tanks o f  l e s s e r  integrity than the  c u r r e n t  LW storage 
tanks o r  t o  a l l o w  increased  discharge o f  r a d i o a c t i v i t y  t o  
su r face  stream (bot-h of  these  a c t i o n s  a r c  h ighly  
unacceptable)  ; and 
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e violatioil of  environmenral regulations. 

Accordingly, a planning team comprised of stsaff irom the OWL NCWP 
was created to accomplish the following: 

e examine near-, intermediate-, and long-term aspects of LW 
inanagenent at OTWT,; 

e develop recommended actions to be taken; and 

e develop a program plan outlining the costs and schedules for 
recommended actions. 

2.2 OBJECTIVES AND APPROACH 

The objectives o f  this strategic planning effort and the associated 
approach that. was taken are as f o l l o n s :  

Q identlfy near-  term o p e i o n s  for increasing availab1.e L\J storage 
tank volume: 

o ident l i fy  intzrmetljal ( 3 -  term optjons for further increasing I,W 
storage tank volume; 

e~ identify optlons for reconfiguring the LW CAT system that w i l l  
a1 low practical long- Lerm LW treatment and dj sposal (preft:rahly 
on the O R R ) ;  

e prioritize the identified options; and 

e develop contjngency actions sufficient to ensure the viability 
of tht: planned eeneral approach and specific high-priority 
options via examination of technical, regulatory, and other 
uncertainties . 

For the high-priority options and associated contingency actions, the 
following stctp:; were taken.: 

d identify R&D and capital projects necessary for implementation; 

e identify required environmental permits and other regulatory- 
and safet:y-rcla?ed act-ions; 

e deve1.q costs and schedules; 

B identify :funding currcxtt1.y in place o r  vir;hin recognized lmdge t 
plans and additi-onal funding that  will be needed; and 

Q present information on work to be done, schedules, rnilestories, 
and budgct:s in a long-range program plan. 
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2.3 SCOPE OF PLANNING EFFOKTS 

The scope of  this strategic planning effort can be best 
characterized in terms of (1) waste treatment/storage systems and 
waste types addressed, and (2) time period for implementation of needed 
actions. 

2.3.1 What Waste Systems and Waste T y p e s  Are Addressed in This 
Study? 

The present planning effort is concerned with the following: 

I) present and future LW-generation sources; 

0 active LW tanks and associated systems for LW collection and 
storage ; 

e M - T R U  sludges that coexist with LLLW in the present LW 
collection, treatment, and storage system; 

e inventories of LLLW and RN-TRU sludges in the inactive LW tanks, 
which may be removed during closure activities and could affect 
future treatment, storage, solidification, and disposal of LW; 

e facilities for treating, storing, and disposing of KH-TRU 
sludges and associated LLLW present in the active arid inactive 
LW tanks, and underlying R&D and capital projects necessary for 
constructing these facilities; arid 

a facilities for collecting, treating, storing, and disposing o f  
newly generated LW after removal of  the bulk of the RH-TRTJ 
waste and associated LLLW from the active LW system, and 
underlying R&D and capital. projects necessary to construct these 
faci1it:ies. 

2.3.2 What Is the Period Covered by the Study? 

This study covers a period which can be defined as the interval 
from the present to that time required for completing actions necessary 
f o r :  (1) removing the bulk of the RW-TKU sludges and associ.ated LLLW 
from the active and inactive LW tanks arid disposing of the resulting 
s o l i d s  in the WIPP and (2) reconfiguring the LW systerri to allow practical 
treatment and disposal of solidifted LLLW and RH-TRU wastes from the 
resulting active LW system. 

It has been useful in this study to define the following three 
periods during which the indicated actions are expected t o  occur: near 
term, intermediate term, and long term. 
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Near T e r n  (rnid-FY 1988 through 1990, 2.5 years total) 

- Period from the present to the txirne when the currently 
remaining active LW tank volume will be depleted if no 
furthar action is t:aken. 

- Period required f o r  sampling and analyzing active and 
inactive tank inventories, conducting treatability 
studies, and evaluati.ng solidification/disposal options. 

- P e r i o d  during which the first EASC f o r  solidifying 
50,000 gal o f  LLLW will be compl.eCed. 

- Period for completion of  conceptual design, project 
validation, and system design criteria for the Wasce 
Handling and Packaging, Plant (WHPP), a proposed major 
ORNL facility f o r  solidifying EM-TKU waste present in 
the LW system. A l l  research, development, and 
demonstration necessary for establishing the system design 
criteria for WHPP must be completed during this time interval. 

e 1riCcrmediat:e T e r m  (FY 1.990 through FY 1997, 7 years total) 

- Period during which the WHPP Title I1 design will be 
initiated (early FY 1 9 9 1 ) ,  construction will be completed, 
and facility operation will begin (mid-FY 1996). 

- Period between the end of  near term and the t i m e  when the 
bulk  u f  [-he Rtl-TRU waste can be removed f rom one active LW 
tank via solidification in the WHPP. 

- Period f o r  removal of waste inventories from inactive LW 
tanks, as required by closure p lan .  

~i Long T e r m  (FY 3998 and beyond, period after next 9.5 years) 

- Period beginning with the first availability o f  an active 
LW t:ank from which the  hulk of the KH-TRU waste has been 
removed I 

- Period during which newly gpnerntcd LIJ can be treated, 
solidified, and disposed of in a manner that allows 
disposal o f  the resulting solid LLIJ on the ORR and 
minimization o f  the associated production o f  RH-TRU waste 
and other solid waste requiring d i sposa l  at sites other 
tlian the QRR ~ 
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2.4 RECOGNIZED CONSTRAINTS 

The following primary constraints were recognized during development 
of thi.s strategic plan: 

1. 

2.  

3 .  

4 .  

5. 

2.5 

Construction of additional tanks for storage of LW will not be 
allowed. 

Curtailment of Laboratory R&D or critical operations that 
generate LW cannot occur as a result of lack of capability 
to manage LW at any time. 

Operational constraints for disposing of solidified LLLW on 
the ORR must be considered [low-level waste disposal 
development and demonstration (LLWDDD) operational constraints 
in terms of LLWDDD waste acceptance criteria (WAC) and schedule 
for operation of LLWDDD disposal facilities]. 

Operational constraints must be considered for solidifying 
RH-TRU sludges and associated LLLW presently in the LW system, 
as well as similar material to be generated prior to 
reconfiguration of the LW system and disposal of the 
resulting solidified RH-TRU wastes at WIPP [WIPP 
operational constraints in terms of RH-TRU WIPP WAC, the 
schedule for RH-TRU disposal capacity at WIPP, and the 
Department of Transportation (DOT) regulations 
for transporting the solidified RH-TRU waste to WIPP]. 

Future operational costs for collection, treatment, 
solidification, and disposal of LW will be borne primarily 
by the generators of this waste. 

OVERALL GOALS 

The specific goals and objectives addressed by this 
strategic planning effort have been grouped to obtain overall 
goals in the following manner: 

1. Identify options for improving the near-term and 
intermediate-term operational flexibility of the LW system 
prior to removal of the bulk of the RH-TRU sludges and 
associated LLLW from the active LW system. 

e Provide significant near-term reduction in volume of 
waste in active LW tanks. 

e Provide additional intermediate-term reduction in volume 
of waste in active LW tanks. 

a Modify LW generation sources and system to further 
decrease LW generation. 
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2. Identify intermediate-term options f o r  reinoval of RH-TRIJ sludges and 
associated I,LLW from active and ‘Lnactive LW tanks (as required by 
cl osure plan) . 

e Evaluate options for removal of EM-TRU sludges and 
associated LLLW from active and inactive tanks. 

9 Evaluate options for trcatment/soli di fication of  RH-TRU 
sludges arid associated LLLW. 

8 Evaluate storage/disposal options f o r  resulting RH-TRU 
solids. 

3 .  Identify long-term options f o r  future collection and treatment of  LW 
and disposal o f  the bulk o f  the resulting solid w n s t , a  as L I N D D D  
Class I1 solid LLW on the OKK while minimizing production of RII-TRU 
w a s t e  or LI,WWUL)D Class IV solid LLW (off-site disposal). 

Q Identify options for reconfiguring the 1.M system to a l l o w  
practical treatment and disposal of resulting I,I,LW and 
associated TRU elements a f t e r  the bulk of the RH-TRU waste 
has been removed from the active system. 

8 Identify TAW treatment and solidification options that 
maximizc d i s p o s a l  of resulting s o l i d  LLIJ on the ORR and 
minPmize quantities of waste requiring off-site disposal. 



3. OVERVIEW OF GENERAL STRATEGY AND REG-ED APPROACH 

The goals, objectives, criteria, and constraints for the development 
of an overall strategy and recommended long-range program plan for 
management of OWL LW and associated RH-TRU wastes were discussed in 
Sect. 2. This section summarizes the specific approaches considered for 
accomplishing the following three overall goals that were identified. 

Goal 1. Improve the near-term and intermediate-term operational 
flexibility of the current LW system prior to removal of the bulk of the 
RH-TRTJ wastes and associated LLLW from the active LW system. 

Goal 2. Kemove the bulk of the current legacy of RH-TRU wastes and 
associ-ated LLLW from the active and inactive tanks to allow practical 
long-term management of LW. 

Goal 3. Develop an OWL waste management system for the future 
collection and treatment of LW and disposal of the bulk of the resulting 
solid waste as LLWDDD Class I1 solid LLW, while minimizing production of 
RH-TRU waste or LLWDDD Class IV solid LLW. 

3.1 STRATEGY FOR ACCCPHPLISIIIMG GOAL 1 

The overall strategy for improving the operational flexibility of  
the current LW system (Goal 1) is depicted in Fig. 3.1 and consists of 
the following major elements: 

1. Provide significant initial reduction of the volume of LW 
in the tanks to allow for any unanticipated operational 
upsets that could result in the need for curtailment of 
activities that generate LW in the event that this inventory 
should be removed. 

2. Provide continued intermediate-term removal of LW from the tanks 

3 .  Identify and implement near-term and intermediate-term system 
modifications that will reduce the volume of LW generated. 

Two alternatives were considered for providing significant near- 
term reduction of  the LW volume i n  the tanks. These are in-tank 
evaporation of water and the previously planned EASC, which will result 
in the solidification of about 50,000 gal of LLLW. 

Two alternatives were considered for the intermediate-term removal 
of LW from the tanks. These alternatives are the continued use of 
in-tank evaporation and the execution of solidification demonstrations, 
including additional EASCs .  
dependent on the results from the initial solidification campaign and 

The use of  additional EASCs would be 
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regulatory requirements. Although the initial EASC will depend on 
decantation to remove LLLW from the Melton Valley storage tanks (MVSTs) 
without removal of associated RH-TRU sludges, it was recognized that 
early demonstration of separation methods, such as filtration, of the 
LLLW from the RH-TRU solids may be of high importance, not only for the 
conduct of additional EASCs, but also for the long-term solidification of 
LW. Demonstration of filtration would provide an important backup to the 
decantation approach to be used during the first EASC if difficulties 
should be encountered with this approach. 

The alternative of conducting solidification demonstrations using 
RH-TRU sludges or newly generated LW was examined. Alth'ough this 
alternative would be quite effective for reducing the quantity of LW in 
the storage tanks, a suitable solidification process and an acceptable 
facility for near-term conduct of this type of demonstration have not 
been identified. 

The primary current LW-generation sources were reviewed, and several 
possible near-term system modifications that would reduce the volume of 
newly generated LW were identified. Options were examined for 
eliminating certain LW streams that currently flow to the LW tanks, and 
modifications were evaluated which could be made at the sources and/or 
within the collection system to minimize the volume of waste being 
transferred to the tanks (e.g., ways to minimize the mass flow of solids 
fed to the evaporator, which would reduce the volume of LW concentrate 
passing from the evaporator to the LW storage tanks). Characteristics of 
the waste streams were examined to identify streams that can be combined 
or pretreated to minimize waste volume or solids content. Further review 
of waste stream characteristics could also result in the proposal that 
certain waste streams be diverted to the Process Waste Treatment Plant 
(PWTP) instead of to the LW Evaporator Facility, which would further 
decrease the volume of waste concentrate. A review of physical 
constraints for accomplishing modifications of the LW system was also 
conducted . 

The primary conclusions related to achieving Goal 1 are as follows: 

In-tank evaporation represents a highly effective means for 
offsetting the detrimental effects of continued LW generation 
during the next several years. 

The first EASC represents an effective near-term approach for 
increasing the operational flexibility of the  LW system. 

The implementation of LLLW solidification demonstrations using 
actual LLLW could be important for providing improved LLLW 
solidification technology. 

Early demonstration of the separation of LLLW from associated 
RH-TRU solids is of  significant importance for the conduct of 
additional EASCs and serves as a backup to the decantation 
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approach to be used during the first EASC. In addition, all 
processes currently envisioned for long-term treatment and 
solidification of LW would employ a step for separation of 
KI-I-TRU solids from other constituents of the LW. 

The primary recommendations related to achieving Goal 1 are as 
follows : 

e Implement in-tank evaporation as soon as possible, including an 
aggressive K&D program for providing the informati-on necessary €or 
using this approach. 

@ Proceed wi-th the first EASC to regain a signifi-cant initial 
increment of LW system operational flexibility. 

o Identify LLLW solidification demonstrations that: can be implemented, 
as necessary, prior to removal of RH-TRU wastes from the active LW 
system, incl-uding the R&D necessary for implementation of these 
demonstrations. 

B, Complete work in progress for demonstration o f  the separation of 
LLLW from RH-TKU solids via filtration of actual wastes f rom the 
MVSTs 

3.2 STRATEGY FOR ACCOMPLISHING GOAL 2 

The strategy for accomplishing removal of the current legacy of 
KH-TRU wastes and associated LLLW from the active 1.W tanks (Goal 2) 
involves three possible scenarios, as shown in Fig. 3 . ? ,  for removal, 
treatment, arid disposal of (1) RH-TKU sludges and the associated I,LLW, 
(7) RH-TRU sludgcs only, and ( 3 )  LLLW only. 

1 x 1  considering these options, several factors important to the 
removal of the  KtI-TKIJ sludges and associated LLLW were recognized: 

T h e  quantity of TKU waste presenc in the IWSTs results in the mixture 
of  the MVST inventories being designated as RH-TKU waste. 

MI-TRU wastes must be disposed of in the WIPP rather than on the Om, 
and repository space sufficient for disposing of the solidified OKNL 
RI1-TRU wastes has been desi-gnated at the WTPP. 

The most likely transport fluid f o r  removal of the KH-TRU sludges 
from the MVSTs is the associated LLLW because introduction of 
additional water or other solutions would increase the total waste 
volume, whi.ch is highly undesirable. 

The quanti-ty of LLLW associated with the KIi-TKU sludges is the 
approximate amount necessary for removal of the sludges from the 
MVSTs based on sludge-removal experience. If the introduction of 
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and sludges f r o m  active and inactive tanks. 

3.2. Overall strategy for removal of the legacy of the liquid waste/TRU liquids 



additional water is necessary, an evaporator would be required to 
provide condensate for additional flushing of the tanks. 

Past studies conducted by the DOE RH-TRU Program have shown that 
separation of TRU wastes from associated LLLW will not be cost- 
effective in most cases. The quantity and type of nontransuranic 
radionuclides present in the MVS'Cs are acceptable within the WIPP WAC 
and will not complicate significantly the solidification, transport, 
o r  disposal of the RH-TRU wastes. 

The RH-TRU WIPP WAC have been formulated primarily on the basis of  
factors important during transport and storage of RH-TRU wastes and 
depend on geologic separation for minimizing risk to thc public 
rather than the adoption of waste forms that: w i l l  maintain high leach 
resistance f o r  hundreds of years. 

The DOE RH-TRU Program is committed to reiiioving the bulk of the large 
nati-onal i-nventories of RH-TRU wastes from interim storage and 
disposing of these wastes at WIPP, which will become operational in 
October 1988. The congressionally mandated window for disposal o f  

thc:se wastes and the presence of the bulk of  these wastes at OWL 
provide significant urgency for the construction of facilities, at 
O W L ,  necessary for reinoval o f  the RH-TRU sludges from the active LW 
storage tanks beginning in FY 1996. Removal of the RH-TRU wastes 
from the active 1,W tanks provides the most viable means for 
increasing the available volume in the active LW tanks in both the 
near and the intermediate term. Disposal of RH-TRU waste and 
associ-ated LLLW at WIPP represents a unique interim opportunity 
because the necessary RH-TRU disposal space is available and will be 
lost :  if it is not used during WIPP operations f o r  disposing of CH-TRU 
waste. In the long term, however, minimization of the volume of 
RH-TRU waste resulting from treatment and so1.i-dification of newly 
generatied LW must be adopted. 

In considering the option of removing, treating, and disposing of 
the RH-TRU sludges in a manner that would minimize the quantity of 
associated I,LI,W, the following factor was recognized: 

e A highly efficient separation o f  LLLW or other inert materials 
from the RH-TRU sludges would not be cost-effective for the 
national RH-TRU Program. Although highly efficient separations of 
the transuranic elements from other materials present in the MVST 
are technically feasible, this approach cannot be justified on the 
basis of  potential cost savings to the national RH-TRU Program 
relative to the costs for treatment, storage, transport:, and 
di-sposal of the solidified RH-TRU sludges and associated 
LLLW . 
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In considering the option to remove, solidify, and dispose of the 
bulk of the LLLW separate from the associated RH-TRU sludges, the 
following factors were recognized: 

0 The resulting LLLW solids would require disposal on the QRR as 
LLWDDD Class I1 waste. Although it might be possible to dispose 
of some solidified LLLW at sites other than the ORR, numerous 
obstacles (primarily political) to this approach exist; thus, the 
only prudent course would be to assume disposal on the ORR, which 
would require that the resulting solid LLW meet LLWDDD Class I1 
WAC. 

0 Although draft LLWDDD Class I1 WAC will not be available until the 
end of FY 1988, it is clear that disposal of Class I1 wastes on the 
ORR will require dependence on waste forms which will remain highly 
leach resistant for hundreds of years in contrast to the flexibility 
that derives from the use of a geologic repository in the case of 
the RH-TRU waste. While the LLWDDD Class I1 disposal approach is 
technically feasible, the costs for treatment, disposal, and post- 
disposal monitoring o f  solidified LLLW are judged to be much higher 
than those involved with disposal of the RH-TRU wastes and 
associated LLLW at WIPP. 

In view of these and other considerations, three conclusions were 
reached : 

0 The preferred interim approach for managing the RH-TRU sludges and 
associated LLLW is to remove, solidify, and dispose of these 
materials as RH-TRU wastes at WIPP. 

e Although the above approach appears to provide a highly effec,tive 
means for freeing significant LW tank volume in the intermediate 
term, the consequences of significant delays in schedule or failure 
to realize completion of this approach are unacceptable. Therefore, 
it will be necessary t o  implement a contingency approach which 
provides a basis for freeing LW tank volume in the intermediate 
term that is not susceptible to factors that may delay or prevent 
completion of the preferred approach. 

0 Removal of the 1W-TRU wastes from the active and inactive LW tanks 
will provide ORNL an unprecedented opportunity for initiating 
practical waste management approaches for LW generation, collection, 
storage, solidification, and disposal. 

Conclusions related to WHPP, the principal proposed ORNL facility to 
be constructed for solidifying the RH-TRU wastes, include the following: 

0 Facilities for removal of the RH-TRU sludges and associated LLLW 
from the LW storage tanks should be included within the scope of 
the WHPP line-item construction project because the sludge removal 
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f a c i l i t i e s  w i l l  be operated over an 18-year  per iod  and have a 
si.ng1.e purpose t h a t  i s  inhe ren t ly  p a r t  of the  o v e r a l l  WHPP mission.  

Addit ional  work is  needed f o r  providing a v i a b l e  design b a s i s  
f o r  removal o f  RH-TRU sludges from the  MVS'l 's, and s i g n i f i c a n t  
opport-imities e x i s t  i n  t h i s  a r ea  f o r  decreases  i n  the  t o t a l  
es t imated c o s t  (TEC)  f o r  WHPP 

Although i n i t i a l  process f e a s i b i l i t y  s t u d i e s  r e l a t e d  t o  
s o l i d i f i c a t i o n  o f  RH-TRU sludges and assoc ia txd  LLLW show promise, 
much a d d i t i o n a l  process  development work w i l l  be necessary t o  
provide a v i a b l e  design b a s i s  f o r  the  s o l i d i f i c a t i o n  s t e p .  

S i g n i f i c a n t  p o t e n t i a l  e x i s t s  f o r  minimizing the  WHPP TEC v i a  
consol ida t ion  of the  f a c i l i t  i c's f o r  RH-TKU sludge removal, 
RW-TKU waste s o l i d i f i c a t i o n ,  and repackaging o f  o the r  s t o r e d  
RH-TRU wastes .  

The Eol.lowing ac t ions  a r e  recommended: 

Di-sposal. o f  the  RH-TRU sludges and a s soc ia t ed  T,LLW a t  WIPP 
should be adopted a s  t he  primary waste management approach f o r  
t he  c u r r e n t  i nven to r i e s  of the  a c t i v e  and i n a c t i v e  LW tanks .  

A contingency waste management approach for  f r e e i n g  s i g n i f i c a n t  
a c t i v e  LW tank volume which i s  not. suscep t ib l e  t o  p o t e n t i a l  
probl erns a s soc ia t ed  with the  p re fe r r ed  approach should be 
implemented, and neccssary R&D should be pursued t o  provide a 
f a l l - b a c k  b a s i s  i n  case d i f f i c u l t i e s  a r e  encountered with the  
p re fe r r ed  approach. 

Removal o f  the bulk of the  RH-TRU wastes and a s soc ia t ed  LLLW 
from the  a c t i v e  LtJ system should be a n t i c i p a t e d  and included i n  
near- term and in te rmedia te -  term s t r a t e g i c  planning f o r  LW 
management t o  maximize t_he b e n e f i t s  r e a l i z e d .  

The scope of WHL'P should be expanded t o  include f a c i l i t i e s  f o r  
removal of t he  RH-TRU sludges f r o m  the  a c t i v e  LW s to rage  tanks .  

An aggressive program should be pursued f o r  review of  p a s t  
experience on sludge mobi l iza t ion ,  and R&D should be conducted as 
necessary f o r  ensuring a v i a b l e  design basi.s f o r  sludge 
removal. ~ 

A n  aggressive program should be pursued f o r  denionstrating the  
process f e a s i b i l i t y  o f  technologies  f o r  s o l i d i f i c a t i o n  of KN-TRU 
sludges and associatzed LLLSJ t o  ensure a v i a b l e  design b a s i s  f o r  
so l id i f i . ca t ion .  



0 Consolidation of all WHPP facilities should be examined for 
minimizing the WHPP TEC. 

3.3 STRATEGY FOR ACCOMPLISHING GOAL 3 

The ultimate goal of this program plan is to provide an overall 
strategy and definition of specific tasks sufficient for development of a 
waste management system for future collection and treatment of LW and 
disposal of the bulk of this waste as LLWDDD Class I1 solid waste, while 
minimizing the volume of  RH-TRU waste o r  LLWDDD Class IV waste. The 
disposition of TRU waste is a key aspect of this long-term management 
strategy. Segregation of the bulk of the TKU waste at its source is 
expected to render the TAW concentrate as less than TRU, although TRU 
waste constituents would likely still be present at low concentrations 
from operation of active facilities and from decommissioning of inactive 
facilities. The bulk of the LW would be treated to produce a waste form 
that would qualify for disposal under LLWDDD as Class I1 waste. The 
long-term strategy is shaped largely by the requirement for a waste form 
that meets the LLWDDD Class I1 WAC. Implementation of this strategy will 
minimize the long-term dependence of ORNL on off-site disposal (disposal 
units over which ORNL has little control) for all LW. 

Waste streams are currently being generated for which ORNL has no 
disposal mechantsm; this practice is unacceptable for long-term LW 
management. This program plan outlines work required for development of 
a disposal method for each of the likely future waste streams associated 
with LW management (LLWDDD Class 11, LLWDDD Class IV, and TRU). Off-site 
disposal of RH-TRU and contact-handled-TRU (CH-TRU) wastes is expected to 
continue through at least the period of  operation at WIPP (1988 through 
2013). 

Elements of the strategic planning approach to accomplish Goal 3 are 
as follows: 

0 Evaluate modification of LW sources and the LW collection system to 
identify changes needed f o r  practical collection, treatment, and 
storage of LW and incidental quantities of associated TRU elements. 

0 Evaluate LW solidification options having the capahility to meet 
WAC applicable to the waste types necessary for LW management. 

a Evaluate storage/disposal options for the resulting solidified 
wastes . 

Evaluation of the solidification options should include an 
exarnination af the technical and economical feasibility of 
solidification processes, as well as  an evaluation of the resulting 
solidified waste forms. The solidified waste forms must meet the 
appropriate WAC, either WIPP or LLWDDD. The waste forms must be capable 
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of being delisted from a hazardous waste to a nonhazardous waste in the 
event- that the solidified waste should be disposed of i n  an LLTJDDD 
facility and the waste stream should be characterized as hazardous prior 
to solidification. 

The evaluation of storage/disposal options should i-nclude an 
assessment of the options of L.T..\JI)DD (Classes IT and IV), WIPP, and 
alternatives to WIPP. The evaluation of alternatives to shipping solid 
wastes to WIPP should include consideration of the impact of potential 
WIPP WAC revisions, examination of  potential changes to the 
transportation requirements and the associated impacts, and evaluation of  
the impact of WIPP nonavailability (e.g., WIPY not available when needed 
or not equipped to handle mixed waste streams). 

The elements of the strategic-planning approach are highly  related; 
proeress relative t o  one element will affect requirements for another 
element. For example, progress in evaluating and eliminating problem LW 
sources will reduce the requjrernents for storage/disposal capacity. 
These relationships must be analyzed via a continuing TAW systems 
analysis, which should be used t o  guide future LW management planning and 
operational execution. 

Each component of the general strategic-planning approach is subject 
to criteria and constraints, as shown in Fig. 3 . 3 ;  these constraints and 
cri-teria are discussed in more detail in Sect. 4 . 4 .  Based on these and 
ot:lher considerations it is recommended t:h:*t: 

e A. continuing systems analysis should be conducted to guide 
strategic planning and operational execution of all. aspects of LW 
management and disposal. 

o An aggressive research, development, and demonstration program 
should be pursued for development and demonstration of processes 
for treating future newly generated TAW to produce a waste form 
that will allow disposal of the bulk of t h e  waste as X,T;WDDD 
Class I1 solid waste. The program should also address 
other wastci t-ypes that may be produced in smaller quantities by 
the processing of newly generated LW (TRU waste and LLWDDD 
Class IV s o l i d  waste). 
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4. BASIS FOR GEWERAL STRATEGY AND REC F C E D  APPROACH 

An overview of the general strategy and approach recommended for 
increasing the operational flexibility of the LIJ system and providing 
for the long-term management o f  LW was presented in Sect. 3 .  
More-detailed information is discussed i n  this section concerning the 
basis for the recommended general strategy and approach. 

In Sect. 4.1, Present LW System Status, information is presented on 
the current and recent-past LW generation rates, operational status, 
inventories, and compositions of liquids and sludges in the active and 
inactive LW tanks, uncertainties in information, and plans for additional 
sampling and analyses of  the tank contents. 

In Sect. 4 . 2 ,  Near-Term Options for Increasing Available Storage 
Volume, information is provided on in-tank evaporation of  water from the 
active LW tanks and the predicted effect on free tank volume during the 
near and intermediate terms, as well as sunmary information for the 
initial and potential follow-on EASCs. 

In Sect. 4 . 3 ,  Treatment and Disposal of OWL TRU Wastes, information 
is presented on the national TRU Program's plans and schedule for 
disposal of TRU wastes at the WIPP repository, on the WAC for disposal of 
TRU waste at W I Y Y ,  on plans for the ORNL T i P P  for solidifying TRU wastes 
presently contained within the LW system, and on the intermediate- term 
effects of  removal of the bulk o f  the TRU wastes from the LW system. 

In Sect. 4 . 4 ,  Long-Term Management o f  OWL LW, information is 
presented concerning potential improvements to the LW system that will 
allow practi-cal long-term management o f  LW, the projected characteristics 
of future LV after completi-on of  systeiii reconfiguration, the WAC for 
disposal of solidified LLLW on the ORR,  and projected processes f o r  
treatment and solidification oE LW. 

Contaminated T,1J i s  generated by a number of  acti.vit.ies at various 
sites within ORNL. Most of  tiliese activities generate TAW that contains 
relatively low concentrations of  radioactive elements. However, the 
experimental operations used for processing spent power reactor fuel or 
irradiated isotopes generate waste liquids containing highly ratli.oactive 
fission products, fissile j . sotopes,  and TRU materials. Such wastes 
contain high levels of alpha, beta, garmn, and neutron emitters. 

These waste streams are collected, transferred, and concentrat.ed by 
the OWL LU CAT system, which a l so  contains an evaporator facility. 
Following concentratlon by the LW evaporator, the waste stream has 
relatively high radioactivity levels and can be safely processed only in 
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well-contained, heavily shielded hot-cell facilities, Treatment of 
process wastewater at the PWTP also produces an LW concentrate. 
1984, both the PWTP concentrate and the concentrate produced by the 
evaporator were disposed of by the hydrofracture process, and since that 
time both have been stored in one of three 50,000-gal storage tanks 
located adjacent to the Low-Level Waste Evaporator Facility (Building 
2531) or transferred to one of the eight 50,000-gal tanks located in the 
MVST vaults near the New Hydrofracture Facility. Since the LW 
concentrates can no longer be disposed of  via the hydrofracture process, 
they are steadily filling the working volume of the 11 active storage 
tanks. The stored inventory of concentrate has now reached a level that 
has reduced the operational flexibility of the ORNL LW system. 
Projection of the current generation rate into the future indicates 
total depletion of the active storage capacity in the fourth quarter of  
Ey 1989. 

Prior to 

In addition to the inventory of LW concentrate in the active tanks, 
radioactive liquid and sludges are also stored in inactive LW tanks at 
ORNL. These tanks were used for varied periods throughout the history o f  
ORNL to collect radioactive waste. Inactive LW tanks are now being 
managed by the ORNL Remedial Action Program (RAP), and plans have been 
developed for characterizing the contents of each tank to determine their 
regulatory status [e.g., Resource Conservation and Recovery Act of  1979 
(RCRA) or non-RCRA materials]. 

The fallowing two subsections describe the active and inactive LW 
tanks at OWL, the available information on composition and volumes 
o f  stored material, and plans for additional characterization. 

4.1.1 Active Tanks 

The Evaporator Facility in Bethel Valley was designed with two 
50,000-gal  feed tanks (W-21 and W-22) and one 50,000-gal concentrate 
collection tank (W-23). Also in Bethel Valley, located adjacent to the 
Evaporator Facility, are two 50,000-gal tanks (C-1 and C-2), which were 
installed to store O W L ' S  high-level radioactive waste. 
for additional storage capacity for LW concentrate and the lack of 
high-level waste at ORNL, tanks W-21, C-1, and C-2 were converted for 
storage of LW concentrate. These three tanks provide the nominal 
150,000 gal of  Bethel Valley LW storage capacity at OWL. 

Due to the need 

In addition to the Bethel Valley storage tanks, eight 50,000-gal 
tanks are being used to store LW in Melton Valley. These tanks are 
located in the MVST vaults near the New Hydrofracture Facility and were 
installed to provide storage €or waste awaiting disposal via 
hydrofracture. 

Information on the location, function, and capacity of each of the 
active TAW tanks described previously is summarized in Table, 4.1, The 
total capacity of the 11 storage tanks is -520,000 gal. Since the last 
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Table h .  1. Volumes and locations of acti-ve concentrate tanks 

Tank Actual 
Loc a t i.on Function des igna t ion  s t o r a g e  capac i ty  

( g a l  1 

Evaporator 
F a c i l i t y  

Evaporator 
Fac i 1 i t y  

Evaporator 
F a c i l i t y  

Evaporator 
F a c i l i t y  

MVSTb 
MVST 
MVST 
MVST 
MVST 
MVST 
MVST 
MVST 

S t o r a g e  

Storage 

Storage 

Processing 
Storage 
Storage 
Storage 
Storage 
S t:o rage 
Storage 
Storage  
Storage 

c-1 

c-2 

w-21 

W-23 
W- 24 
W- 25 
W-26 
W-27 
W-28 
W-29 
W- 30 
W- 31 

47,000 

47 ,000  

47 ,000  

Nonea 
47 ,000  
4 7 , 0 0 0  
4 7 , 0 0 0  
4 7 , 0 0 0  
4 7 , 0 0 0  
47 ,000  
47 ,000  
47 ,000  

TOTAL 520,000 

aProcessing tank f o r  evaporator and s a f e t y  reserve. 
bMVST v a u l t  near the New Hydrofracture F a c i l i t y .  
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hydrofracture injection in January 1984, LW concentrate has been 
accumulated in the active tanks at the rate at which it has been 
generated. Information on the present inventory of stored concentrate is 
summarized in Table 4.2. The total volume of stored material (liquid and 
sludge) was 468,900 gal as of November 1, 1987. Also included in 
Table 4.2 are crude estimates of the volume of settled sludge in the 
MVSTs as of November 1985. 
significant quantity of dissolved solids is present in the stored 
solutions. The volume of additional solids that would be produced via 
precipitation of dissolved solids was calculated assuming these solids 
would have a settled specific gravity of 1.5 (Table 4.2). The total 
estimated volume of solids of both types in the present inventory is 
195,300 gal. 

In addition to the settled sludge, a 

The material currently stored is largely the high-activity LF7 
concentrate and PWTP concentrate generated since 1984, with the 
exception of the sludges in the MVSTs. 
from the last hydrofracture injection in 1984 and contain materials 
sluiced from the ORNL gunite tanks. 

These sludges are largely heels 

Most of the existing chemical and radionuclide data on the stored 
inventory are summarized in a report entitled Characterization of 
Low-Level  L i q u i d  Waste at Oak Ridge  National Laboratory, QRNL/TM-10218, 
published in December 1986, and most of the solution characteristics 
summarized in this report were taken from that source.' Generally, the 
stored material is a highly basic, concentrated sodium nitrate solution 
that also contains lower concentrations of calcium and magnesium cations 
and hydroxide] carbonate, bicarbonate, chloride] phosphate, and sulfate 
anions. The tanks contain significant quantities of alpha-, beta-, and 
gamma-emitting radioisotopes. In addition to the high concentrat:ions of 
neutralized salts and excess hydroxides and carbonates, the wastes 
contain smaller (but significant) amounts of a wide variety of chemical 
reagents, complexing agents, and other material. Thus, the potential 
waste treatment and solidification processes for application to these 
waste liquids will involve complex and unique chemistry. Other 
radiochemical facilities, such as those at Savannah River, Hanford, and 
Idaho, generate wastes that are similar, in general, but contain notably 
different chemicals and concentration levels. Future processing of  this 
unique waste stream will be further complicated by the need for well- 
contained, heavily shielded hot-cell facilities due to the presence of 
significant quantities of alpha-, beta-, and gamma-emitting 
radioisotopes. 

The alpha emitters include several TRU-waste isotopes. All settled 
sludge samples taken from the tanks had TRU-waste isotope concent.rations 
>lo0 nCi/g. The highest concentration of TKU-waste isotopes (1200 nCi/g) 
was found in tanks W-29 and W-23 during investigations conducted in 
November 1985. Most samples taken from the upper regions of the tank 
indicated a concentration of TRU-waste isotopes 400 nCi/rnL. The data 
indicate that the TRU-waste isotopes are concentrated in the sett:led 
sludge and that the concentration is above the limit required to classify 
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Table 4.2. Current  inventory of concent ra te  i n  active tanks 

Tank Tocal  S e t t l e d  Dissolved To ta l  
des igna t ion  volumea sludge s o l  i d sC  s o 1 i. ds d 

(ga l  1 (gal 1 (ga l )  ( g a l )  

c - 1  
c - 2  
w - 2 1  
W -  23 
W-24 
w- 25 
W-26 
W- 27 
W - 2 8  
W-29 
W--30 
W-31 

1.0, 300 
40 ,600  
21 ,900  
26 900 
46 ,000  
h 6 , 7 0 0  
4 6 , 3 0 0  
4 7 , 0 0 0  
45 ,800  
4 6 , 0 0 0  
45 ,600  
45 ,800  

TOTALS 468,900 

N D ~  
ND 
ND 
ND 

3 , 6 0 0  
14 ,600  

7 , 5 0 0  
7 , 5 0 0  
1 ,100  
3 ,600  
3 ,600  
9 , 8 0 0  

51 ,300  

4 , 0 0 0  
15 ,600  
10,100 
10,300 
14 ,200  
10 ,700  
1 4 , 6 0 0  

9,1.00 
14 ,600  
13 ,400  
14,000 
13 ,400  

144 ,000  

4 , 0 0 0  

10,100 
15 ,600  

10 ,300  
17 ,800  
25 ,300  
22 ,100  
16 ,600  
15 ,700  
17 ,000  
17 ,600  
2 3 . 2 0 0  

195 ,300  

aVolwnes a s  of November 1, 1987 ,  from Waste Management 
Operation Monthly Concentrate Report. 

bRased on November 1985 i n v e s t i g a t i o n s .  
increased  due to add i t iona l  p r e c i p i t a t i o n  and sedimentzatzion. 

CCalculated volume o f  dissol.ved s o l i d s ,  assuming p r e c i p i t a t e d  
s o l i d s  would have a s p e c i f i c  g rav i ty  o f  1 . 5 .  

dSum o f  ca l cu la t ed  volumes of  p r e c i p i t a t e d  d isso lved  s o l i d s  
and measured se t t l . ed  s o l i d s .  

eNo da ta  a v a i l a b l e .  

Volumes may have 
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i n  thLs doc-~~snerm~ would reduce the p r o j  ec;  t:ed fut:u-ra vesl.unae of  stored LW. 
The impact of  speci.fic a c t i o n s  on the p ro jec t ed  waste inventory w i l l  
be ~ ~ l ~ . ~ s ~ r a ~ ~ e c l  i n  suhseqiaent sec-tirri~s of thi.s chapter v i a  f i g u r e s  
s i m i l a r  t o  F ig .  4.1. 

T h i r t y -  t:hree inact.:i.ve underg.rcwnd 1,U storage tanks c u r r e n t l y  exist 
L and are baing managed by the OKNL RAP. 'rl~.t?~t?- tanks w e r e  used t o  

c o l l e c t  and nfrutral.i.ze TAW between 1943 and the  time when they w e r e  taken 
out  sf s e r v i c e  Waste S O I I ~ C C S  Incl.~aclt?ai rad i .onc~i .ve s inks  and d r a i n s  
loca t ed  in R&D l a b o r a t o r i e s ,  radiochem.ical p i lo t :  p l . m t s ,  and H~IW.L~:X 
reactors In anany cases tzhe wnst:es contained wi th in  the tanks o r i g i n a t e d  
a5 nitrate so'lut:iorns I &I. t:trov.gh some cont:airPed acit l i  c c h l o r i d e s  o r  o ther  
c o r r o s i v e s .  To prevent  tank eoKrosiot.k, the a c i d i c  s o l u t i o n s  Were 
n e u t r a l i z e d  by the addir-ion of  :;odium hydroxide ( N a O H j  , which r e s u l t e d  i n  
p r e c i p i t a t i o n  of some constit:uents Sedirmentn.tinra of t he  p r w i y i t a t e  i s  
assumed t o  have resul.ted In su ibs t an t i  al. decontamination of the l i q u i d  as 
we11 as accumulation of additZona1. so'l..i.cl sludges wi.t:hin t h e  tanks. Over 
t;he yea'rrs, the 33 T,W tra.nk.s w e r e  removed f r r m  service because of  leaks  
t h a t  developed I.n the servicc? pipelines 1.eading t o  the  tanks or i n  the  
tanks ~ lzecause of  p,rtrt~)~h~ater i n f i l t r a t i o n ,  o r  because the tanks were no 
lor1ger needed, 

Genesa;Zl.y, when a ~;;ank wa.s no 1.onger needed the  waste inventory w a s  
pumped o u t ,  l e a v i n g  only residual q u a n t i  t i . es  of  s o l i d ,  sludy,e, and l i q u i d  
t h a t  exh ib i t ed  varying levels o f  radioact: i.vlty. Prt:c:j.se infi)rlDntion i s  
no t  ava i 1. ala I e re gar d i ng tzhe chemic a 1. compos 1. t: i. on of mater i a l  s remaining 
i n  the i n a c t i v e  tanks ~ and. aP: least. some of' the tanks are suspected t o  
c o n t a h  s m n a l . 1  quantities of tinzardous chemicals I 

A d.ocuniented sampling e f f o r t  w a s  perSsrsned on 27 o.E the i.nar:ti.ve 
tanka i n  1 9 8 4  t o  ideneiPy i m d  chnrar::t:ei:ize t.he eiivivi.aronment at each tank 
s i t e  and t:o esi7i.mat.e the rad io lsg j .cn l  concent and r a d i a t i o n  l e v e l s  i n  
each tank. Resu l t s  i.ndicated that contaminated l i q u i d s  and s ludges 
remained i n  some of  the fxnk..;. A sum,n;iry of  exi.stimg information on the 
voliaaeres :,E residual. mater i .a l  i n  eachinnct.lve tank i s  given i n  'I'able 4 . 3 .  
T h e  present: t o t a l  eStXimate of  res i t lunl  m a t e r i a l  i n  the i n a c t i v e  tanks is 
-360 ,OSC gal. I which includes 27  000 g a l  o f  settl.et2 sludge I Assuming 
values for the concen t rn t ims  of  d i s so lved  s o l i d s  i n  t i e .  l i q u i d  phase 
based on p a s t  ~nsage of each t:ank:., an estimate of the t o t a l  d i s so lved  
s o l i d s  was e a l c u l s t c d  to be 15,000 gal. on the ba.si.s: o f  a spec i f ic  g r a v i t y  
of  1 . 5  for i:he dissolved solids a f t e r  these materials have been 
precipitat:etl .  'Uhias, the prosent ercirlr. estimate of  :be t o t a l  s o l i d s  
(d i s so lved  axid sc t t l ed )  i n  the iraactivi: taan'res is  42 ,000 g a l .  

The  es t imated  inventories of rarlioniirl idrs  i n  each tank range from 
4 . 1  GBq t o  310 TBq (several rni13icuries t o  several  hundred c u r i e s ) ,  The 
ecantani nants  a~ e w n i  n ly  131C,; and '"Sr I w i t h  minor ,mounts o f  TRU 
cltzmenrs" Radiation f i e l d s  nvas1ired a t  the qurface of the  tank contents 
ranged from 0 .15  t o  6500 mRJh i n  1 9 8 4 .  
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8 00 
72  ,coo 
1 1.. 500 

8,l .SO 

7 4 ,  so0 

3%,1fiQ 



The ORNL i n a c t i v e  tanks have no immediate- o r  long-term reuse 
potential and w i l l  he da?c*arn~xmZnated and brought t o  the status of 
r egu la to ry  closure. The prel iminary plan for closure of tanks bas been 
prepared.  The draft plan includes several opt ions  for final closure. 
Reinoval of resfdual l i q u i d  and sludge C r o m  the tanks may be requi red  a s  
a -parr_ of closi.ire activity. T t  would be desirable to handle the waste 
sludges and 1-iquids from t ank-c losure  activity i n  ex? s t i n g  and planned 
8RNL waste management f a c i l i t i e s  to prodisce a s o l i d i f i e d  waste form 
adequate for f i n a l  di spcrsal. 

The pre l iminary  schedule f o r  c losu re  actTons f o r  the In.active tanks 
i s  i.1.l.ustrat:etl i.n Fig .  4 2 I The r,chetlril.e i - r rd ica txs  that the removal oE 
r e s i d u a l  material from the tanks wuPd be initiated i n  Fy 1491 and 
crsmpleted i.n m i . a l - F f  1997. I>i.te to lack of addit;ional in format ion ,  i t  w a s  
assumed that t:he t o t a l  inventory i n  the i n a c t i v e  tanks would be removed 
at a .const;mt rate during t:he 6 . 5  years  between FY 1993. and mid-W 1.997. 
If: was a. lso ass~med t h a t  the l t q u i d  from &:he tanks (groundwater i n  many 
eases) would be fed to t he  XW system and concentrated p r i o r  t o  11eLxig 
ailded t o  t h e  c.oncentrate inventory ~ This pro j  ee t ed  genera t ion  of  L W  
concent ra te  from the tank closiures (gal) has been added t o  the projected 
active tank ixIventory I and LIE resuJ.~i.ng mi-nor incramentad e f f e c t  i s  
shown i n  F ig .  4 . 3 ,  This figure inclu.des cons idera t ion  of a l l  kna'wn OKiL 
sources of LW and sludges and ass1pmes no further actLon to reduce waste 
geraexation or t:a process ex.i.st:ing inventory. This p r a j  ection obviously 

a g a i n s t  which t he  e f f e c t s  o f  proposed nc t lons  f o r  reducing s tored  waste 
Lrrverrtory can be compared. 

exceeds the 0 L capacity t o  s tore  this mafserial but provides  a base l ine  

P a s t  t r a n s f e r s  o f  L B  @oncentrat@ f r o m  the Evaporator F a c i l i t y  
co l - lec t ion  tanlcs t o  the W S T s  use3 a significant quan t i ty  o f  water f o r  
ltne r i n s h g  t o  prevent  s o l i d s  buildup and poss ib l e  line plugging. T h u s ,  
the concentrations of di ::solved sal j tls i n the waste presen t ly  contained 
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i n  the LWSTs arp  1 O ~ E T  than i ti:* i rri t i  a1 concci i r ra t ions rcsiil t i i ig  from 
evaporar j o l t .  A l s o ,  ihc w a p o r a t i o n  I i n r i t  i s  p r c q ~ n t l y  d i c t a  
i n a x i w i i  dens i ty  of coacent ra i -  ;Tl , i t  can br  i e m : ~ ~ e d  by it,:.  j e  
system. T h i s  dens i ty  r e s t r i c t i o n  l i m i t s  ?lie maximim dissolved so l  i d s  
coxrt-ent of t he  concec t ra te  to a value vel1 belaw the  s o l i i h i l j  ty o f  i l l : >  

disso lved  so l  i ds . The cone-entiation r) F di ssolved T O  1 i ds p r e s r n t l  y i n  t he  
r e c ~ n l  'uoildolem ~ ~ p e ~ - i m e n L  iisi rig 

t he  siqPrriate from !J 79 ind ica t e  snlid.: d i d  ns; form I i L I t i l  t he  
dissolved s o l i d s  coilcentrat ion was incrnn:,eL tu about - 990 g/L. IIsilce, 
evaporat ion of  w a ~ c r  f r o m  thc Ev pears  iu be a v l a h l e  sho r t - t e rm 
opt ion  f o r  increas ing  the a v a i l a  J t o rag r  vol i ~ m e  7 2 7 i  tholit the 
prec ipLta t ion  o f  disso lved  s o l  i d s  Addi i:ioilal evaporat i  o i ~  of  ~3 

be p o s s i b l e  i n  the iittermediaic i i f  s t u d i e s  01-1 t h e  r h a r . x t e r  
t he  p r e c i p i t a t e  formed aft;.: the  ~iI~iI : - ty  l i r n i i  i s  i"ez2hCd are 
favt9rabIe and il oilwi- c onsidcrnt i o n s  allow L5:zoval o f  a d d i i  i ana l  wa 

The W S T s  v7-y-n d c s i p e d  w l t i i  A tank w x t i  1 a t i o n  s y s i ~ i i i  foi- parging 
r a d i o l y t i c  eases  frorr! i1le taimks. '1hi- p ~ c , z e  a i r  s'-?n_p:; across t i t e  v o i d  
space a t  t he  Lop o f  each tank a t  ?he r a i c  o f  100 ft'jmiiI Each tank a l s o  
has an a l t r r n a t e  s y s t  f o r  int rodi i r ing an a i r  spl.-~rge i n t o  Lhe ranks f o r  
mi X i n g  the  tank cotitrants . Ihr syarge of  f i v e  dra1t- tc~bes 
i n t o  which a i r  i s  introduced.  The i g e  a i r  flow f o r  

tube .  l'he tank mixing system w a s  ed corii iiitlously dun tLig tile pe't  i o d  
when wasi-13 disposal v i a  hytirofi-act s being conducted. l!0~72ver, thp 
capac i ty  of the nir compressor s 1 i he ?parge r a t  ;: t o  l ess  tlicra 
-20% of the design ray:> 57:3en a l l  OF   he eight iaii l is  a r e  sp 
simultaneously.  The i n - t  aok a i r  sparging system has not been siilce the  
term! na t ion  of hydrof rac ture  opera t lons  , C X C ~ F K  during Sr i  n_f per iods  
p r i o r  t o  raking sample-: from the  tanks 

tank  mixing i s  a l s o  j 0 0  ft 7 / ~ t i i r l  .md i 20 f t  3 ,/?:i; ptaj- d r a f t  

If thn t a lk  sparging systein werp op,-rat,ed U K I  A continuoil5 :rzsis a t  
t he  c'aec4gn r a t e  of 100 ft3/inin, w a t e r  could thi-orei ~ L J J  l y  11- evaporated 
from t he  tanks e t  an appT La'ole ra t< , .  A n  est  i m t e  ~f t h c  aaxfmmt 
q u a n t i t y  of wai-r i  that  can bp remsved  TOM a tank dtir t o  evapnrai ;oil can 
be madp by assuming i.har dry a i r  F n i e i s  the  t i r d f t  e s  atid thiit t h i s  a i r  
is s a t u r a t e d  ~+7hen i t  leavcr: a given t a n k .  A t  a A Z ?  fin tc::Jper ature o f  
50°Y, 100 ft3/nin oE ai i wvdd rrtxove -3,000 g,d 

over a ipe~iocl of  I y e a r ,  asc,:ming an 80% o i l - s t r  IT+ Ai a s a t d r a t i o n  
temperature of 90"F ,  the  quapi  i t y  of rrrate~ rerrro cre.Tser to > l o ,  000 
gal per  year  per  tank .  Thus, i f  0115 c o ~ ~ s i d e r s  a i r  sparging o f  n d t i p l e  
t;anks, then i t i s  theoreticaa? l y  possibl; .  t o  evzporai :% :er L ~ o , n  the  
tartks at a idte equal t o ,  o r  g r e a t e r  than ,  t he  pi-esent 
gencrarion ra te  of L57 coilcentrate hefng f ed  i o  se taiiks ( 3 6 , 0 0 0  
gal/year) . Figure 'A . A  s h w s  the  r r? ; . t ionship  b e m  t he  precli c ted 
number o f  tanks t h a t  ~ + ~ ~ . ~ l . d  have t o  be spa3 sed t Chieve C h e  26 ,000  
ga l /yxar  water removal rate and the s a t u r  
a i r .  Tablc .& qhows LIE siiniuletivc r f f  of cvapurat  ion 
OII Yke volume of ~ a q t - e  i n  the MVSTs as a p~ r a t u r e  and i-he 
pliimh~r of tanks uadcrgoil1g .2.il- spa ig i  

a t o r  T I O I ~ I  a t a n k  

peraLtrrP cf the r v i  1. 
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Table 4.4. C u m a a ? l l a t i v e  waste volume as a furiction of the number of 
tanks undergo i ng evaporati UTI and the temperature 
of evaporationa 

Year Temp. 0 
( F) ._ ._....._..... 

0 
1 
2 
3 
4 
5 
6 

0 
1 
2 
3 
4 
5 
6 

0 
1 
2 
3 
4 
5 
6 

0 
1 
2 
3 
4 
5 
6 

0 
1 
2 
3 
4 
5 
6 

50 
5 0  
5 0  
5 0  
5 0  
5 0  
S O  

6 0  
6 0  
6 0  
6 0  
6 0  
60 
6 0  

7 0  
7 0  
10 
7 0  
7 0  
70  
7 0  

80 
80 
80 
8 0  
8 0  
80 
8 0  

9 0  
9 0  
9 0  
9 0  
9 0  
90 
9 0  

4 6 8 9 0 0  
4 9 4 9 0 0  
5 2 0 9 0 0  
5 4 6 9 0 0  
5 7 2 9 0 0  
5 9 8 9 0 0  
6 2 4 9 0 0  

4 6 8 9 0 0  
’&? 4 9 0 0 
5 2 0 9 0 0  
5 4 6 9 00 
5 7 7 9 0 0  
5 9 8 9 0 0  
6 7 4 9 0 0  

4 6 8 9 0 0 
4 9 4 9 0 0  
5 2 0 9 0 0 
5 4 6 9 0 0  
5 7 2 9 0 0  
5 9 8 9 0 0  
6 7 4 9 0 0  

4 6 8 9 0 0  
4 9 h 9 00 
5 3 0 9 0 0  
511 6 9 0 0 
5 7 2 9 0 0  
5 9 8 9 0 0  
6 2 4 9 0 0  

4 6 8 9 0 0  
4 9 4 9 0 0  
5 2 0 9 0 0  
5 1 ~ 6 9 8 0  
5 7 2 9 0 0  
5 9 8 9 0 0  
6 2 4 9 0 0  

2 
~ _ _ I  -............. 

4 8 8 7 4 0  
5 0 8 5 8 0  
5 2 8 4 2 0  
5 4 8 2 6 0  
5681.00 
5 87  9 4 0  

4 8 6 5 4 0  
5 0 4 1 8 0  
5 2 1 8 2 0  
5 3 9 4 6 0  
5 5 7 1 0 0  
5 7 4 7 4 0  

4 8 3 2 8 0  
(49 7 6 6 0 
5 1 2 0 4 0  
5 7 6 4 2 0  
5 h0 8 0 0 
5 5 5 1 8 0  

4 7 8 9 6 0 
4 8 9 0 2 0  
4 9  9C80 
5 0 9 1 4 0  
51 9 2 0 0  
5 2 9 2 6 0  

4 7 3 3 4 0  
4.1 7 7 8 0 
L.82220 
4 8 6 6 6 0  
4 9 1.10 0 
h 9  S S L O  

6 8 

4 8  25  8 0  
4 9 6 2 6 0  
5 0 9 ?MI 
5 2 3 6 2 0  
5 3 7 3 0 0  
5 5 0 9 8 0  

4 7  8 18 0 
4 8 7 4 6 0  

5 0 6 0 20 
5 1 5 3 0 0  
5 2 4 5 8 0  

4967461 

4 7 1 6 6 0  
4 7 4 4  2 0 
4 7 7 1 8 0  
4 7 9 9 4 0  
4 8 2 7 00 
4 8 5 4 6 0  

4 5 3 0 2 0  

4 4 5 3 8 0  
4 4 5 3 8 0  
4 3 9 5 0 0  
4 3 36 20  

4 5 7 1 4 0  

4 5  1.7 80 
h14660 
/ & I 7 5 4 0  
4 0 0 4 2 0  
3 8 3 3 0 0  
3 6 6 1 8 0  

I t  / 6 L 2 0  
4 3 3 9 4 0  
4 9 1 4 6 0  
4 9 8 9 8 0  
5 0 6 5 0 0  
5 1 4 0 3 0  

1169820 
4 7 0 7 4 0  
h11660 
4 7 2 5 8 0  
1113500 
4 7 4 4 7 0  

4 6 0 0 4 0  
L*51180 

4 3 3 4 6 0  
4 2 4 5 0 9 
4 1 5 7 4 0  

/ b / k  2 3 2 0  

44 i 0 8 0 

L a  34!+0 
4 2 5 2 6 0  

3 8 1 6 2 0  
3 5 9 8 0 0  
3 3  /980 

4 3 0 2 2 0  
391 541) 
3 5 2 8 6 0  
31/1180 
2 7 5 5 0 0  
3 3 6 8 7 0  

4 1 0 2 6 0  
4 7 1 6 2 0  
4 7 2 9 8 0  
4.7 4 3 110 
4 7 5 7 0 0  
L.77050 

4 6 1 4 6 0  
4511020 
4 4 6 5 8 0  
4 3 9 1 4 0  
l1317UO 
4 7 4 2 6 0  

/ d c  8 4 2 0 
4 7 7 9 4 0  
40 / 4 6 0  
3 8 6 9 8 0  
3 6 6 5 0 0  
3 4 6 0 2 0  

& ? l l ~ ~ O  
3 9 3 3 8 0  
3 5 5 6 2 0  
3 1 7 8 6 0  
2 8 0 1 0 0  
2 4 2 3 4 0  

4 0 8 6 6 0 
348L.20 
2881 8 0  

1 6 7 7 0 0  
1 0 7 4 6 0  

22  i94.9 

aAssumes 4 6 8 , 9 0 0  gal of  waste at year zero and 2 6 , 0 0 0  gal o f  
waste p e r  year  added t o  the  system. 
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The reference flow sheet is mainly a three-step process consisting 
of cross-flow filtration and zeolite decontamination followed by a 
suitable immobilization process. Cross-flow filtration would provide a 
positive means of ensuring that any TRU sludges were removed, and zeolite 
decontamination would remove most of the soluble cesium and strontium. 
The resulting CW waste would have been immobilized in either bitumen or 
cement by a commercial firm using mobile systems. Subsequently, it was 
decided that immobilization via bitumen would not be utilized. 

When the reference flow sheet was selected, it was recognized that 
system constraints, namely funding and technology applications work, 
could yield a situation whereby the reference flow sheet could not be 
deployed soon enough. Accordingly, a backup flow sheet was defined which 
is based on decanting liquid from the tanks and immobilizing the high- 
activity liquid in cement without the benefit of cross-flow filtration or 
supernate decontamination to reduce the activity of the waste being 
solidified. Decanting the liquid was judged to be available technology 
that required no additional development effort. In addition, the backup 
approach was judged to have lower capital costs relative to the reference 
process and, therefore, could be deployed in the near term. 

The EASC is a project that will utilize the backup flow sheet for 
the immobilization o f  50,000 gal o f  waste fron the MVSTs. 
elements for the EASC include (1) the services of a commercial 
subcontractor who will immobilize the decanted liquid in a cement-based 
matrix after individual batches of the decanted liquid have been 
analyzed to ensure that the supernate is LLLW rather than TRU waste; 
(2) facilities for decanting the 1iqui.d from one of two of the MVSTs 
(W-29 and W-30) and for transfer of the liquid to the vendor's system, 
a structure for containment of the vendor's system during liquid 
processing, and disposal units for the cement-based waste forms; and 
(3) supporting documentation f o r  regulatory, environmental, quality, 
safety, and operational aspects. 

The project 

LN Technologies has been selected as the primary qualified source 
for the on-site solidification of the waste, and Chem-Nuclear has been 
selected as the alternate should the primary source be unable to respond 
in time. Both firms have demonstrated experience with the in-container 
solidification of typical nuclear power station radwaste in cement and 
have Nuclear Regulatory Commission-approved topical reports covering 
their mobile solidification system. 
the primary and the alternate solidification sources to proceed with 
waste-form demonstration work to certify that their waste form meets the 
performance requirements of 10 CFR 61 and that the waste form will yield 
a minimum leach index of eight for nitrates. 

Contracts have been signed with both 

Following certification of the surrogate waste forms from the primary 
and alternate vendors, the primary vendor's system may be mobilized and 
may undergo cold checkout operations at ORNL, provided it is available. 
Should the primary source not be able to respond, the secondary source's 
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Table 4 . 5 ,  Esti-mated costs for solidification of 50,000 gal of 
LW via the first EASC 

Activity 

costs 
($1000) 

First F o l l o w -  011 
campaign caiiipaigns 

Solidification 
Waste-form certification 
Solidification ( O M )  

Interim storage 
casks (70  @$6500 ea) 
O M  

Transportation 
(@$10,00O/round trip 
to NTS) 

Disposal 
(@$40/CF) 

Project planning 

Permit-by-rule 
Test plans and procedures 
Safety 
Quality plan 
Operating procedures 
As - bui 1 t drawings 
Supporting systems 
Proj ect management 
Storage plans 

Capital facilities 

XAW solidification facilities 
MVST decant system 
General plant equipment 

TOTAL 

200 
1500 
1.700 

460 
g3(J 
940 

700 

470 

200 
1-20 
150 
40 

140 
70 

300 
280 
280  

1580 

8 30 
5 10 
300 

1640 

7030 

100 
1.500 
1600 

0 
400 
400 

700 

470 

200 
20 
30 
10 
30 
10 
100 
140 

540 

m 
100 

3810 
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While U S C  will s o l i d i f y  50,000 gal of LW, the  n e t  reduot ion  i n  
system concen t r a t e  inventory is the difference i n  the  q u a n t i t y  s o l i d i f i e d  
o r  removed by other  mea t i s  and the  q u a n t i t y  of LW concen t r a t e  generated 
dur ing  the per iod ,  A-ssming that EASC r e q u i r e s  fa months f o r  
s o l i d i f i c a t i o n  and tha t  concentrate  generat ion is -26,000 gal /yenr ,  the 
n e t  r educ t ion  i n  total tank inventory from conduct of t he  EASC w i l l  be 
-37,OOQ gal.. The e f f e c t  o f  c.ondu.cting the i . n i t i . a l  EASC, in a d d i t i o n  t o  
the  prev ious ly  di.scusse8 effect o f  i n - t a n k  evapora t ion  on the total waste 
inventory,  is i l l u s t r a t e d  i n  F ig .  IC. 7 .  

The goal of the  DOE XRU Wast;e Program, as stated i n  the  Long-Range 
M a s t e r  Plan f o r  the  Defense Transiirarzic Vas!:@ Program, DOE-510-023, i s  t o  
end i n t e r i m  storage a.na t:o achi.eve permanent d i sposa l  of TRU waste.3 
rea.eh t h i s  goa l ,  the WIPP has been developed as n geologic r e p o s i t o r y  for 
TRU wastes in a salt: formation -2000 Et w-nderground near Carlsbad, New 
Mexico, WIPE" i s  scheduled t o  s tar t  i n i t i a l  operat ions wi th  a c t u a l  waste 
i n  October 1 9 8 8 .  ' f i ~ r ?  f l r s t  5 years of opera t ion  is schadu1.ec-l as a 
demonstration per iod ,  during which a3.1. the. w a s t e  emplaced at WIPP will be 
fiil1.y r e t r i e v a b l e .  At the  end of chat per iod  (September 3.993) ,  assuming 
tha t .  t h e  concept o f  d i s p o s a l  w l a  the geologic r e p o s i t o r y  has heen 
demonstrated sa t i . s fac tor i ly  ~ WIPP will be converted t o  .a. permanent 
di-sposal. r e p o s i t o r y  and TRU waste w i l l  be permanently ewplaced f o r  the  
remainhg planned operational l i f e  of the p r o j e c t  (through 2.013). TRU 
waste i s  def ined as radiaac.tive w a s t e  that: $.s contaminated wi th  
a l p h a - e m i t t h g  tranr;uranltam ir;.ndionucl ides having ha l f -  lives >20 
yea r s  i n  concen t r a t ions  >LOO nCi/g. 
s u r f a c e  dose rate TIE] greater than 200 &/ha RH-TRU w a s t e  is def ined a s  
havi.ng a sur face  dose ratre >20 

TO 

CH-TRTJ waste i s  defined. as having a 

The underground layout  ~.t. WI:PP conslsts o f  a l a r g e  number of rooms 
thar  have been cons t ruc t ed  v i a  excavation of salt: from the geologic sa l t  
depos i t .  The ~ Q O ~ S  a-re a.brrut 3 3  St w i d e ,  300 ft long, and 2 4  f t  high 
and are separated from each, o ther  by a l O O - E t :  wn1.l of vtrgiai s a l t .  The 
RH-TRU w i l l  be emplaced i n  cavi t ies  t u  be drilled i n t o  the  w a l l s  of  the 
rooms, and CH-TIPkT waste will be stacked in t:he middle of the rooms i n  
55-gal. drums and boxes. T h e  rrtmber of rooms and the planncxi capac i ty  of 
WIPP are determined l9y the vaPime of CM-TRli waste i n  storage a t  va r ious  
DOE sites and c u r r e n t l y  being generated wi th in  the DOE system. 
the demonstration phase of W U T *  operation, RH-TRU waste w i l l  be emplaced 

WIPP will have the c a p a b i l i t y  to h a r d l e  'RJ..I-TRU w a s t e  only i n  c a n i s t e r s  
during the  demonstration pha.se and because RH-TRU waste would be 
t r a n s p o r t e d  t o  WIQP i n  c a n i s t e r s  during this per iod ,  many p1.anning and 
ope ra t iona l  aspec ts  o f  t:he RH-TRU Program c u r r e n t l y  use the  RH-TRU 
cani.ster as the  reference u n i t  of  KIt-'P"RTJ waste .volume 

During 

Beca.use within WIPP i n  sea1.e.d c a n i s t e r s  having a waste volume of  1. m 3 . 

Thi:ee 55-gal  
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drums can be placed within an RH-TRU canister. 
Defense Remote-Handled Transuranic Waste Cost/Schedule Optimization 
Study, DOE-JIO-017, the planned capacity of WIPP provides space for 
-5000 canisters of RH-TRU waste.4 The planned receiving rate f o r  RH-TRU 
waste at WIPP during permanent disposal operations is 250 canisters per 
year for 20 years. Of this capacity, about 3300 canisters are projected 
to be used by the RH-TKU wastes currently in storage or to be generated 
at ORNL through the year 2013. Of these 3300 canisters, 1526 were 
projected to result from solidification of the RH-TRU sludges stored in 
active and inactive LW tanks at ORNL. Because three 55-gal drums can be 
loaded into one RH-TRU canister, this is equivalent to 4578 drums of 
solidified sludges. The remaining 1474 canisters of ORNL RH-TRU wastes 
are projected to result from repackaging other FW-TRU solid hot-c:ell 
waste that is currently stored at OWL. 

As documented in the 

To be accepted at WIPP, TRU waste must be certified as meeting the 
WIPP-WAC, which is documented in WXPF-DOE-OS9.5 
summarized as requiring that the TRU waste must be in approved 
containers; it must contain no free liquids, no explosives, or 
compressed gases; particles having a diameter <10 microns must be less 
than 1 wt 8 of the waste; and particles <200 microns in diameter must be 
<15 wt % .  There are also limits on weight, surface contamination, 
thermal power, fissile content, and Pu equivalent activity. The presence 
of organics and RCR4 hazardous wastes must be identified and quantified, 
but these materials are not prohibited. The total quantity of 
radioactivity that is allowed is 23 Ci/L, which is -5000 Ci per 55-gal 
RH-TRU waste drum. Previous studies by the DOE TRU Program have shown 
that decontamination of RH-TRU wastes relative to associated fission 
products is not cost-effective and this practice would not, in general, 
be funded by the DOE TRU Program. 

The WIPP-WAC can be 

The transportation cost for shipping RH-TRU waste by truck from 
OWL to WIFP is projected to be -$53@@ per trip, according to DOE- 
JIO-017. It is proposed that the waste generator pay this operational 
cost. A shipping cask that will transport one RH-TRU canister is 
currently being designed and should be operational by January 1989. 
The cost of acquiring the shipping casks and managing the transportation 
network that will route and maintain the fleet of RH-TRU and CH-TRU casks 
will be borne by the national DOE TRU Program. It is proposed that, 
after the demonstration period is completed, WIPP will accept RH-TRU 
waste in 55-gal drums, similar to CH-TRU, because previous studies have 
shown this; approach to be much more cost-effective than continued use of 
RH-TRU canisters. 
contain 14 RH-TRU waste drums and would be available in 1994 .  In this 
case, the freight cost of  $5300 would be the same per shipment; however, 
the payload would be IC+ drums rather than the 3 that will fit in an 
RH-TRU canister. This increase in efficiency is one of the reasons that 
the FW-TRU drum cask is being pursued, as well as the fact that some DOE 
sites do not have the facilities to load and weld the M-TRU canisters. 
The operational cost of emplacing one RH-TRU canister at WIPF is 
projected to be -$1000, and this cost will be borne by the TRU Program. 

An Rw-TRU drum cask has been proposed t h a t  would 



I n  summary, it i s  p a r t i c u l a r l y  important t o  note  the  fol.l.owing a spec t  
o f  WIPP-WAC and expected mode of operat ion:  

The p resen t  and envisioned WAC p l ace  no l e a c h - r e s i s t a n c e  
requirements on the  RH-TRU waste f o r m  i n  c o n t r a s t  t o  t h e  s t r i n g e n t  
l each  c r i t e r i a  a s soc ia t ed  wj t h  di  sposa l  of high-  l e v e l  waste.  This 
r e s u l t s  l a r g e l y  froin the f a c t  t h a t  t h e  bulk o f  the DOE Defense 
Program TKU wastes t o  be disposed a t  WlPP a r e  a l r eady  i n  ex i s t ence  
and from the r ecogn i t ion  t h a t  it would be imprac t i ca l  t o  convert  
t hese  wastes t o  a form having high leach r e s i s t a n c e .  

4 . 3  ~ 2 O W A  Waste Handling and Packaging Pl-ant  

The ORNL WHPP i s  proposed as an FII 1 9 9 1  c a p i t a l - l i n e  i t e m  t h a t  would 
r e t r i e v e ,  p rocess ,  repackage, and c e r t i f y  RH-TRU waste and s p e c i a l - c a s e  
(SC) TRIJ wastes f o r  shipment t o  WIPP. The WHPP would process  all .  RH-TRU 
wastes s t o r e d  a t  ORNL as wel l  as newly generated KH-TRU waste from ORNL 
and s m a l l .  amounts of RH-TRU waste froin o the r  DOE s i t e s  such as Argonne 
National Laboratory,  Idaho National Engineering Laboratory,  and the 
Hanford Reservation. WHPP wou1.d be the only f a c i l i t y  of i t s  kind wi th in  
the DOE system f o r  processing RH-TRU and S C  TRU wastes t h a t  can be 
shipped bu t  r e q u i r e  c e r t i f i c a t i o n  o r  repackaging before  shipment: t o  
WTPP. The conceptual desi-gn o f  t he  WHPP began i n  F Y  1.988, and T i t l e  I1 
design w i l l  be i n i t i a t e d  i n  FY 1 9 9 1 .  Construction i s  scheduled t o  s ta r t  
i n  FY 1992, and operat ions a r e  scheduled t o  begin i n  FY 1996. 

The p ro jec t ed  impac t  of w a s t e  processing by WHPP on the  t o t a l  
inventory o f  l i q u i d  contarni.nated waste i s  shown i.n Fig.  4 . 8 .  The WHPP 
would complete s o l i d i f i c a t i . o n  of t he  inventory of t h e  active and 
i n a c t i v e  tanks during FY 1996 through FY 2012. I t  w a s  assumed that: 
systems modif icat ions would be implemented by the end of F'Y 1997 t o  
render the  "newly" generated LW non-TllU, one LW tank would have been 
emptied v i a  WHPP ope ra t ion ,  and modif icat ions would have been completed 
t o  c o l l e c t  newly generated LW sepa ra t e  f rom the  inventory con ta in ing  RH- 
TRU ma te r i a l s  such t h a t  the newly generated LW wou1.d no t  be disposed of 
a t  WIPP v i a  WHPP. Further discussions o f  systems modif icat ions and non- 
TKU LW a r e  presented i n  Sec t .  4 . 4 .  

The LW system (F ig .  4 . 9 )  a t  OWL i s  used t o  c o l l e c t ,  n e u t r a l i z e ,  
concen t r a t e ,  arid s t o r e  aqueous r ad ioac t ive  waste s o l u t i o n s  from va r ious  
sou rces .  Wasf : c :  s o l u t i o n s  f r o m  f a c i l i t i e s  discussed i n  S e c t .  l+ .h .  1 a r e  
t r a n s f e r r e d  t o  one of two evaporators i n  whi.ch th3: aqueous s o l u t i o n  i s  
concentrated.  The volume of the s o l u t i o n  i n  the evaporator i s  reduced 
u n t i l  a predeterinined s p e c i f i c  g r a v i t y ,  which ranges from 1 . 2 5  t o  1 . 5  
(depending on c u r r e n t  systerii c a p a c i t y ) ,  i s  reached. The concen t r a t e  i s  
then t r a n s f e r r e d  t o  a 50,000-gal  s t a i n l e s s  s t e e l  s t o r a g e  t ank .  A s  
di.scussed p rev ious ly ,  t h e r e  i s  l i m i t e d  s to rage  capac i ty  i n  t h e  act ive LW 
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tanks. The cumulative effect of varlous system modifications is 
described in terms of the estimated reduction in LW concentrate- 
generation rate in the remainder of this section. 

Long-term management of LW will be guided by a continuing systems 
analysis that will integrate the effects of all aspects of the strategy 
and program plan. The analysis will include consideration of the effects 
of achieving each of the goals of the program plan: (1) near-term 
options to improve operational flexibility of the LW system; (2) options 
to remove the legacy of LW liquids and sludges from the active arid 
inactive tanks; and ( 3 )  options for long-term management of LW 
generation, treatment, and disposal so that waste streams are properly 
segregated and a legacy for future management is not created. 

Modification of LW sources and the subsequent manner of LW collection 
provides the means for affecting significantly the future LW generation 
rate and waste composition as discussed in Sects. 4.4.1 and 4.4.2. Two 
long-term options have been compared: (1) segregating waste streams 
according to WAC and (2) operating a system with combined waste streams 
and treating the waste to achieve compliance with WAC for solidified 
waste (see Sects. 4.4.3 and 4.4.4). 

4.4.1 Potential Improvements to LW System 

The volume and composition of dilute LW vary by waste generator as 
shown in Table 4 . 6 .  An initial systems analysis was conducted to 
determine the effects of the 1984 waste minimization program; these 
effects are reflected in the 1987 generation rates. Waste management 
practices have been changed in areas where the cost of change has been 
low and the resulting gains have been large. 
systems analysis will be conducted to analyze costs, benefits, arid risks 
in order to identify process changes that will require capital funds. 
Modification of LW sources and collection is a significant aspect of 
long-term LW management because the strategy to use WHPP as the primary 
means for implementing TAW treatment and disposal requires confidence in 
ORNL's ability to further reduce the generation rate of LW prior to WHPP 
becoming operational. 

In contrast, a continuing 

The present systems analysis is being conducted with the following 
constraints and criteria in mind: 

1. Waste minimization will be most effective when the 
solids content, nicrate content, and TRU constituents of LW are 
reduced at the source. 

2. The effect of reducing LW volumes is important. 

3 .  Capital projects that have been initiated will be 
continued, and the impact of these projects on waste 
generation rate and composition will be included in the 
systems analysis. 
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Table 11.6. LW generat-ion rates 
~ ........ ......... ~ - 

-. Genera t: i.on rate ( g . a l / w e e k l  1987 

822 12 
BuSlding..area 198& ._.._____ .......... 1987 ( % )  
3039 Stack a r e a  
Oak Ridge Keactor/Rulk 

Shielding Reactor (ESK)  
F i s s ion  Products Development 

Laboratory (Bldg. 3517)  
High Flux Isotope Reac tor 

Building 3019 
Radioisotope production 

1-ab. B (Hl-dg. 3026-C) 
High- rad ia t ion - l eve l  

examination l a b .  
(Bldg. 3525) 

(HE' IK)  

Isotopes a rea  
Abandoned tank W1A 
Transuranium Processing 

Examination h o t  c e l l s  

High-rad?-ation- l e v e l  
engineer ing l a b .  
(Bldg. 3025) 

Plant: (TPP) (Bldg, 7920) 

(Bldg. 3026-D) 

Sol id  s~:a.te l a b .  /hot: c e l l s  
PWTP d i . lu te  (Bldg . 3544) 
PWTP concentrate  (Bldg. 3544) 
Pump p i t  
Nuclear Safety Pil.ot P l an t  

(Bldg.  307b) 
1nteri.m Manipulator Repair 

F a c i l i t y  (Bldg. 3074) 
FPDL annex (Bldg. 3505) 
High - rad?. a t  i on  - l e v e l  

a n a l y t i c a l  l a b .  
(Bldg. 3508) 

Bldg. 3508) 

(Bldg. 3028) 

Chemical Technology al-pha l a b .  

Radioisotope producEion l a b .  A 

Geosciences l a b .  (Bldg. 3504) 
4500 Complex 

Chem Tech (We-11) 
Chem Tech (WC-12) 
Chem Tech (WC-14) 
A C D ,  M&C, Chema (WC-13) 

Totals 

3 2 7 7 808 

2930 797 

3000 65& 

461 
416 

831. 

1754 
1938 
571 

406 

152 

118 

11.7 
113 

6877 91 
8 7 
51 

48 

33 
31 

30 

20 

1 3  

218 
47 
35 

........ 246 
23.278 6639 

.__ 

12 

1 2  

IO 

7 
6 

6 

5 
4 
4 

2 

2 

2 
2 
1 
1 
1 

1 

1. 
0 

0 

0 

0 

3 
1 
1 

4 
100 

__ _I.____ 

aACD = Analy t i ca l  Chemistry Divis ion;  M&C = Metals and 
Cerami-cs Divis ion;  Chem = Chemistry Divis ion.  
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4 .  Waste minimization will be most effective when the impact 
on the downstream waste form is considered. 

5 .  The R&D capabilities of ORNL will not be affected by 
waste minimization projects. 

6 .  No new storage tanks for concentrated LW will be 
constructed. 

The present major LW generators and the fraction of the total waste 
generation they represent are as follows: 

3039 Stack off-gas scrubber ( 1 2 % ) ,  
Fission Products Development Laboratory (FPDL), Bldg. 3517 

HFIK ( l o % ) ,  
Oak Ridge Research Reactor/Bulk Shielding Reactor (BSR) 
( 1 2 % ) ,  and PWTP (3%). 

( 1 2 % )  2 

The Transuranium Processing Plant (TPP), Building 7920, is the major 
potential generator of  LW which contains TRU isotopes, and steps should 
be taken to minimize the discharge of TRU isotopes from TPP into the LW 
system. 
improvements that have the potential to reduce waste volume or make the 
waste more manageable due to resultant changes in composition of LW 
concentrate. 

Each of these facilities will be discussed with regard to 

4.4.1.1 3039 Stack Off-Gas Scrubber 

Process off-gas streams generated within process or R&D equipment 
are vented directly to the central off-gas collection system for the 
removal of radioactive iodine. Off-gases potentially contain 
radioactive, toxic, acidic, or flaiinnable vapors. Because acidic vapors 
can react with MEPA filter media arid seriously degrade the efficiency of 
the HEPA filter, the of f -gas  is passed through a caustic scrubber to 
neutralize acidic vapors. A demister and a heater are located downstream 
from the scrubber to eliminate entrained moisture and prevent subsequent 
plugging and filter media deterioration. 

The existing operation produces a low-activity waste consisting of a 
3% solution o f  caustic in water (pM 8.3). The caustic solution is 
circulated through the scrubber at a rate o f  400 gal/min at ambient 
temperature. The solution is recycled f o r  one week and is then 
discharged to the LW system. An FY 1988 line-item project, Bethel Valley 
Liquid LLW Collection and Transfer System Upgrade, involves installation 
of a monitored collection tank at the existing scrubber. The tank will 
replace the caustic sump which is currently used as surge for the 
scrubber. Two alternative options for handling the off-gas scrubber 
solution have been proposed: 
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1. Discharge of spen^c scrubber solut i -on t o  the  process  w a s t e  
system. The discharge wou1.d be d i r e c t  o r  a f t e r  pretreatment  ~ 

dependjng on tho a c t i - v i t y  1evel.s of t he  spent  s o l u t i o n .  
2 .  Change the scrubber s o l u t i o n  o r  type of scrubber t o  minimize 

the  volume o f  1.M concentrate  produced by t h e  spent  s o l u t i o n  
discharge t o  the  LIJ sys  tem. 

Recent samples o f  the spent  scrubber s o l u t i o n  i n d i c a t e  t h a t  the 
concen t r a t ion  o f  gross  a lpha and 6oCo a r e  t o o  high t o  allow d i r e c t  
discharge o f  t h i s  stream t o  the process w a s t e  system. Concentration 
s t u d i e s  were conducted with tile s o l u t i o n  t o  determine i t s  acirual 
c o n t r i h u t i o n  t o  t he  1.W concentraLe generat ion ra te .  These s t u d i e s  
i-ndicate t h a t  the t o t a l  concentrate  produced from t h i s  source i s  
<50 ga l /yea r .  Since !:he volume o f  LIJ c.oncentrate produced from t h i s  
source i s  low and the stream cannot be discharged d i - r ec t ly  t o  the  
process waste system, changes i n  handling t h i s  stream are a o t  warranted 
a t  t h i s  t ime.  Recent information c o l l e c t e d  on iihis stream wI1.1 3 e  
incorporated i n t o  f u t u r e  syste ins a n a l y s i s  a c t i v i t i e s .  

4.4.1.2 Fission Fr0duci-s Eevelopment Laboratory, Hldg. 3517 

Three m a j o r  a c t i v i - t i e s  produce T."W a t  t he  .FPDL: (1) h a t  c e l l  
ope ra t ions ,  ( 2 )  ho t  c e l l  decontamination, and ( 3 )  groundwai:er inleakage 
t o  the l o c a l  tank v a u l t .  Each o f  t hese  w a s t e  s treams con ta ins  varying 
concentrat ions o f  9 0 ~ r  and 1 3 7 ~ s ;  
routi.rrely. A samp1.e of groundwater inleakage t o  t I ie  tank v a u l t  w a s  taken 
during iihr: 1 ~ 9 8 4  waste minimization campaign. The g ross  b e t a -  gamma 
a c t i v i t y  was 4 x l o 5  Bq/lL. This acti.vi.ty l e v e l  i s  s i g n i f i c a n t l y  h ighe r  
t h a n  t h a t  o f  t y p i c a l  process waste (- lo3 Bq/L) bur is about an order  o f  
m a  n i tude  below the  normal a c t i v i t y  l e v e l  o f  tPi.lute LLLlJ ( l o 6  t o  

3517 a r e a ,  the Radioactive Liquid and Gaseous Waste Disposal Operations 
and Ef f luen t  Plonitoring monthly r e p o r t s  included a foo tno te  on t h e  
Building 3517 LW volume which indi.cated t h a t  t he  s to rage  tank pit :  has  an 
inleakage problem from groundwater arid tha t  t h i s  volume of w a t e r  i s  
j e t t e d  from the pit: during the  month. The p i t  can only be j e t t e d  t o  t he  
LW system because it  was designed i n  t h i s  f a sh ion .  The f e a s i b i l i t y  05  
implementing l o c a l  treatment has no t  been i n v e s t i g a t e d  ~ The p o t e n t i a l  
f o r  s0urc.e treatment i s  recognized as a candidate  f o r  f u r t h e r  r e sea rch ,  
and a l t e r n a l i v e  means f o r  disposing o f  the 1iqui.d w a s t e  generated a t  
Biii.1 di.ng 3517 shou1.d be inves t iga t ed  Options include (1) a l o c a l  
pretreatmerir system f o r  reinoval o f  9 o S r  and 1 3 7 C s  wi th  di-scharge t o  the 
process waste o r  I Y  sysrern, depending on a c t i v i t y  l e v e l s ;  and ( 2 )  p ip ing  
t o  rou te  L W  t o  the process w a s t e  o r  LW system, depending on activity 
l e v e l s .  

tilie w a s t e  streams a r e  n o t  analyzed 

10  6 Bq/L). P r i o r  t o  t he  '*Sr r e l e a s e  f rom a cons t ruc t ion  s i t e  i n  the  

4 . 4 .  I 3 High F l u x  Isotope Reactor 

LW c o l l e c t e d  from t h e  HFTR o r i g i n a t e s  a t  t he  fol lowing sources:  
(1) regenerat ion and backwashing of  primary and pool demineral izer  systems, 
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(2) waste from sampling, ( 3 )  head tank overflow, ( 4 )  gaseous waste filter 
pit, (5) 7911 stack drainage, and ( 6 )  off-gas condensate collection pit. 
The most significant LW generation source is the regeneration and 
backwashing of primary and pool demineralizer systems. Other waste streams 
were reduced during the previous waste minimization campaign by recycling 
head tank overflow and resealing the filter pit plug. 

The regeneration and backwashing of primary and pool demineralizer 
systems accounted for an estimated one-third of the volume of HFIR LW. 
This stream, which contains nitric acid and a high concentration of total 
dissolved solids (-2 g/L) and is the primary source of 60Co at OWL. The 
volume of waste produced during 1987 is approximately one-half the 1986 
volume due to waste minimization efforts and the shutdown of reactor 
operations. Demineralizer systems were regenerated during 1987, but on a 
less frequent basis. The quantity of LW is expected to increase when 
reactor operation is resumed. 

The following three options for disposal of H F I R  demineralizes waste 
should be investigated because the high salt content that results in the 
concentrated LW (due primarily to nitric acid) constrains the technical 
options for centralized waste treatment and increases the complexity of 
long-term, centralized waste treatment process flow sheets, Further, 
treatment of regenerant and backwash solutions at the source may have the 
secondary benefit of reducin 
waste stream that contains 68Co. 

or eliminating a difficult-to-handle process 

1. During the 1985 LW systems analysis, the possibility was 
investigated of disposing of demineralizer resins by sluicing the resins 
from the columns, placing the resins in a high-integrity container ( H I C ) ,  
and dewatering the container. 
regenerant waste via the LW system was selected by the H F I R  staff as the 
preferred method for handling H F I R  demineralizer waste at that time. This 
option should be reconsidered. Major components of piping used to connect 
demineralizers to a H I C  (provided by a vendor) were installed at the H F I R  
when the reactor was constructed. Disposal of the H I C  presents a 
significant hurdle to accomplishing this option because the HIC may be 
considered to be an LLWDDD C l a s s  IV waste, which would require off-site 
disposal. 

Central disposal of demineralizer 

2. A process analysis of H F I R  demineralizer regeneration and 
backwashing operations may reveal that insta1lati.on of an in-plant 
evaporator for recovery o f  nitric acid with subsequent centralized 
disposal of LW is more economical than direct disposal of resin. 

3 .  A process analysis of H F I R  operations may indicate that a 
combination of direct resin disposal and evaporation of backwash solutions 
is the most cost-effective option. 

Implementation of a process to eliminate the H F I R  primary 
demineralizer regeneration stream from centralized LW treatment has not 
been planned. However, the project appears to be a good candidate for 



management by the Waste Management Technology Center and LLWDDD Program. 
To determine t h e  impact on the LW system, i t  w a s  assumed t h a t  t h e  p r o j e c t  
would be i.mpl.t?rnented i n  June 1993 and would e l imina te  t h e  LIJ generated due 
t o  r egene ra t ion  and backwashing o f  primary and pool demineral izer  systems. 
El iminat ion of  t h i s  w a s t e  stream would reduce t h e  s a l t  con ten t  and t h e  
concentrati .on of  n i t r a t e s  i n  LW concentrate .  These parameters a f f e c t  the 
ope ra t ion  of t h e  LW evaporator and i-ncrease t h e  d i f f i c u l t y  of  preparing LW 
concentrate  f o r  d i s p o s a l .  The est imated e f f e c t  of  e i t h e r  of t hese  
modif icat ions i s  t h a t  t he  r a t e  o f  LW concentrate  generat ion would be 
reduced by -1200 gal./year ~ 

4.4.1.4 Oak Ridge Research Reactor/Rulk Sh ie ld ing  Reactor 

The Oak Ridge Research Reactor w a s  s h u t  down permanently during 1987 
and w i l l  no t  be r e s t a r t e d .  Although the  r e a c t o r  w i l l  be decommissioned, 
r a d i o a c t i v i t y  l e v e l s  in. t he  r e a c t o r  pool. must be maintained a t  acceptable  
l e v e l s  during decontamination and decommissioning (D&D) a c t i v i t i - e s .  
Recommendations f o r  reducing the  volume of LW generated by the  Oak Ridge 
Research Reactor a r e  l i m i t e d  t o  a general  p o l i c y  s ta tement  t h a t  waste 
minimization should be a p r i n c i p a l  design parameter i n  planning I)&D 
a c t i v i t i e s .  

The BSR operates  a t  a low power l e v e l  ( 2  MW) and i s  unique i.n ope ra t ion  
i n  t h a t  primary coolant  water i s  no t  contained i n  a c losed  loop as are the  
Oak Ridge Research ReactOK and HFIR primary coo lan t s .  
not only provides s h i e l d i n g  b u t  a l s o  serves  as t h e  primary coo lan t .  The 
primary water i s  g r a v i t y  f ed  from the 130,000-gal  pool b a s i n  through the  
r e a c t o r  c o r e ,  which i s  loca ted  1 7  f t  below the l e v e l  o f  the p o o l .  Here it 
i s  channeled t o  the decay tank and pumped through a h e a t  exchanger back t o  
the  bottom o f  t he  r e a c t o r  p o o l .  H igh- rad ia t ion  alarms are loca ted  on the  
cool ing l i n e  from the c o r e ,  a t  the decay tank,  and a t  t he  pump house where 
the h e a t  exchanger i s  loca ted .  

The BSR pool water 

The following opt ions f o r  disposing o f  BSR LW should be i n v e s t i g a t e d :  
(1) recyc le  p o o l  overflow t o  e l imina te  a source o f  l i q u i d  waste and t o  
reduce makeup water u s e ;  and ( 2 )  handle BSR pool w a t e r  as process  waste 
because d i scuss ion  with r e a c t o r  operators has ind ica t ed  t h a t  r a d i o a c t i v i t y  
l e v e l s  a r e  " 1 0 w . "  

4 4 1 . 5  Process Waste TreatmenP; Plant 

Operation of the PWTP produces two secondary waste streams of i n t e r e s t :  
(1) the  PWTP evaporator i s  used t o  recover n i t r i c  a c i d  from ion  exchange 
column regenerate  s o l  uti011 and produces a concentrated LW stream; and 
(2) when the  ope ra t ing  condi t ions r equ i r e  the PWTP evaporator t o  be 
bypassed, a d i l u t e  LW stream i s  f ed  t o  the LW evaporator .  

The volume of each LW stream generated by t h e  PWTP has  been reduced by 
80% s i n c e  a c l a r i f i e r / p r e c i p i t a t o r  was i n s t a l l e d  i n  1986.  Reduction o r  
e l imina t ion  of  these LW s t reams i s  important because the  wastes con ta in  
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high concentrations of solids and nitrate salts. 
the operation of the LW evaporator and increase the difficulty of preparing 
LW concentrate for disposal. LW generated by treatment of process waste 
could be significantly reduced or completely eliminated if further 
modifications to the PWTP are made. A proposed FY 1989 GPP, LLW Volume 
Reduction - PWTP, would reduce both solid and liquid waste generated by the 
PWTP by an additional 50% because zeolites would be used to decontaminate 
the wastewater. Installation of zeolite columns at the PWTP i s  scheduled 
for June 1991 and will result in a total elimination of the PWTP 
concentrate and bypass waste streams. The reduction in LW concentrate 
generation rate is estimated to be 3200 gal/year. 

These parameters affect 

Initial results from the systems analysis indicate that the proposed 
GPP should be pursued to minimize waste generation and to reduce PWTP 
operating costs. Continuing to operate the PWTP without modifications will 
have cost -$22.5 million by the year 2004. 
will have cost between $ 8 . 3  million and $20.8 million (depending on the 
selected process modification) in capital and operating costs by the 
year 2004.  

Operating the modified plant 

4.4.1.6 LZning of Process Waste Piping 

An extensive underground piping system collects process waste 
throughout OWL and transfers the waste to the PWTP for removal of 
radionuclides. An investigation of process waste piping integrity in 
Bethel and Melton Valleys was conducted during Fu 1986, The study 
included smoke testing of selected process waste lines, televising 1500 m 
(5000 ft) of pipe, and determining the volume of inleakage to the process 
waste system. The inspection indicated that inappropriate connections 
exist, some pipes are crushed, a majority of pipes are cracked, joints are 
offset, and inleakage of groundwater is prevalent. 

Construction is scheduled for completion in 1 9 8 8  on two capital 
projects that will modify or replace sections of process waste piping to 
reduce surface water inflow and groundwater infiltration. These projects 
will result in the lining, replacement, or rehabilitation of underground 
piping sections. Environmental contamination will be reduced due to 
eliminating the potential. for process waste outleakage. The hydraulic load 
on the PWTP will be reduced by an estimated 1,000,000 gal/month. 
estimated effect of  these projects is that the rate of generation of LW 
concentrate will be reduced by -1000 gal/year. 

The 

4.4.1.7 Transuranium Processing Plant 

The TPP is a significant potential generator of LW that contains TRU 
isotopes. 
segregate TRU and non-TRU waste streams. TPP waste includes (1) waste 
from processing, which includes solvents and TRU components; and 
(2) of f -gas  scrubber solution that may have lower activity than waste from 
processing and may not be classified as TRU. 

One aspect of the ultimate goal of the LW Program Plan is to 

Long-range planning should 
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be initiated to provide a mechod for transferring TPP TRU waste to the 
WHPP without using the central LW collection system and to segregate the 
off-gas scrubber solution from processing wastes. The principal effect of 
implementing these options is that the TRU content of the LW concentrate 
will be reduced. 

4.4.2 Projected Future LW Characteristics 

The cumulative effect of  system modifications described in Sect. 4.4.1 
can be described quantitatively in terms of the reduction in LW concentrate 
generation. The average concentrate generation rate during 1987 
(26,000 gal) has been used as the basis for comparing the effect of process 
modifications. The cumulative impact of the system modifications discussed 
in Sect. 4.4.1 on concentrate-generation rate has been included in 
Fig. 4.10. The combined reducti-on in the generation rate of LW concentrate 
is estimated to be 5400 gal/year, or approximately 21 vol 8 of the assumed 
present Kate of 26,000 gal/year. 

The timing and effect on concentrate generation rate and composition 
for individual system modifications are shown i n  Table 4.7. It is 
projected that the "newJ.y" generated LW will be rendered non-TRU by 1996.  

The effects of pretreating wastes generated by operating the F P D L  and 
the TPP have not been included in projected reductions in concentrate- 
generation rates since the feasibility of implementing local treatment has 
not been investigated. 

4.4.3 Required Class PI Waste Characteristics 

The T.,LWDDD WAC for any solidified waste generated by operation of the 
LW system will include a number of  criteria such as concentration limits 
for numerous constituents based on waste form and package. The current: 
preliminary WAC are based on as-generated waste forms and assumptions 
which did not take credit for engineered features, and the draft 
concentrat:ion limits for each of the LLWDDD Cl-asses I through 111 are 
summarized in Tables 4.8 through 4.10, respectively. These radionucl.ide 
concentration limits will increase as improvements are made to the waste 
form and/or package, thus improving t:be leach-resistance characteristics o f  
the waste to be placed in the disposal unit. The final set of WAC will not 
be available until the record of decision for the environmental impact 
statement- ( E I S )  is published, A draft set oE WAC will be available 
October 1, 1988. The evaluations being conducted for the ORNL LW system 
will consider the 1.atest available LLWDDD WAC. 

The T.JAWWDDD WAC will also require that the waste form not have 
hazardous waste Characteristics a s  defined by 40 CFR 264. 
waste streams that will be placed in LLWDDD disposal facilities or 
demonstrations will be required to be put into a waste form that will not 
be characteristically hazardous, or the mixed-waste stream must be 
del Cstable 

Any mixed- 
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Table h . 7 .  Projected effects  of system modifications on 
present 1iqui.d waste generation rate 

Volume reduction Percent 
System modification ( g a I./Y e ar ) of baseline 

Lining of process waste piping 1000 3 . 8  
(implemented in December 1988) 

PWTP upgrade/installation of zeolite 
col.umns (implemented in June 1991.) 3200 12.3 

Elimination of HFIR regeneration 1200 4 . 6  
stream (implemented in June 1992) 

Total. 5400 20.7 
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Table 4.8. Class I waste concentration limits calculated according 
to LLWDDD strategy using preliminary site and waste characterization 

data for West Chestnut Ridge site 

Intruder/ 
Half - Water Intruder water 

pathwa Y 
(vci/m3 ) b Ci/m ) 
pathway Y 

Isotope (years) (vCi/m 1 
life pathwa 

3H 
1OBe 
14c 
22Na 
55Ee 
6OC* 
6 3 ~ i  
9 0 ~ r  
9 3 ~ r  
"Tc 
6Ru 

113mCd 
12 lmSn 
134cs 
137cs 

1518111 
147h 

152Eu 
154Eu 
l5 Eu 
232Th 
233u 
235u 
238u 

237Np 
238Pu 
239Pu 
241Am 

242cm 

249Bk 
252Cf 

243h 

2446, 

4.18E+05 
3.20E+06 
1.06E+05 

a 
a 

3.873+08 
4.53E1-07 
3.96E+05 
6.70E-tO7 
1.38E+04 

a 
2.04E+04 
1.75E+07 

a 
1.30E+07 

a 
7.06E+07 
3.58E3+07 
9.83E+07 

5.96E+04 
8.01E+01 
8.99E+01 

6.90E+01 
1.14E+05 

4.55E+03 
4.22E+03 

a 
9.33E+04 

a 
a 

1.28E.i-10 

8.90E+01 

6.71E+04 

3.43E+05 
3.64E+03 
7.32E+04 

a 
a 

1.49E+04 
4.71E+04 
9.273+02 
1.95Et05 
8.51E+02 

a 
3.04E+03 
2.09E+02 

a 
3.07E+02 

a 
4.05E+06 
6.39E+02 
2.28E+03 
2.98E-t-06 
1.78E+01 
6.673+03 

2.29E+03 

1.953+03 
1.16Ec03 
1.24E+03 
3.49E+02 

a 
1.60E+04 

a 

5.71E+02 

1.86Et-01 

a 

1.88E+05 
3.63Et-03 
4.32E+04 

a 
a 

1.49E+04 
4.71E+04 
9.24E+02 

8.02E+02 

2.65Ec03 
1.86E+06 

a 

a 
3.83E+06 
6.39E+02 

2.98E-t-06 
1.78E+01 
7.92E+01 
7.77E+01 

1.45E+01 
1.91E+03 
1,14E+03 

3.23E+O2 
a 

l136E+O4 
a 

1.95E4-05 

a 

3.07Ei-02 

2.28Ei-03 

8.57E-I-01 

9.74Ei-02 

a 

alndicates tha t  a dose-conversion factor was not developed 
for this isotope. Further analysis will be necessary to determine the 
waste concentration limit. 
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Tab1.e 4 . 9 .  Class HI waste concentration limits calculated according 

data for Bear Creek Valley s i . t e  
to LLWDDD strategy using preliethary s i t e  and w a s t e  characterization 

Intruder/ 
Half- Water Intruder water 

pathway pathwa Y 
Isotope (years) pathwar (UCib ) ( l lC i /m3  ) (UCi/M ) 

l i f e  

3H 
''Be 

22Na 
14c 

55Fe 
6Oco 
63Ni 
9 0 ~ r  
9 3Zr 
'Tc 
Io6Ru 
113rnCd 
12 lmSn 
1 3 4 ~ ~  
137cs 
14 7 Pm 
15~sm 

155E1.1 

152Eu 
154Eu 

232Th 
233u 
23513 
238u 

237Np 
238PU 
239Pu 

242cm 

252Cf 

241AM 
243Arn 

244CM 
249Bk 

1.23E1-01 
1.60E+06 
5.73E+03 
2.60E 1-00 
2.70E+00 
5.30E+00 
1.00E+02 
2.86E-I-01 
1.53E+06 
2 ~ 13E+05 
1. OOEt 00 
1.37E+01 
5.50E+Q1 

3.02E+01 
2.06Ei-00 

2.62Et-00 
9.00E+01 
1.36E+01 
8.80E+00 
4.96E+05 

1.59E+OS 
7.00E+08 
4.40E+09 

8.78E+01 
2.41E+04 
4.32E+0? 
7.38E+03 

I. 81E+01 

2.64E-tOO 

1.41Ei-05 

2.14Ei-06 

4.50E-01 

8.80E-01 

3 

a 
7.24E9.21 
3.05E+07 
2.01E+0 7 
5.00Ei-05 
1.25E+06 

a 
5.19E-tl.O 
4.87E+07 

a 
3. 01E-1-07 

a 
5.76E+07 
1.45E+12 

2.24E+24 

7.28E+03 
8.16E+03 
8.08E+03 
5.33E+02 
6.10E+03 

8.09E+02 
5.14E+02 

9.16E+O7 

4 .  16E.t-15 

4.45E-E02 

5 04E+02 

3 

a 
a 

7.30E+ll 
5.91E+03 
1,23E+04 

a 
a 

3.82Et-18 
4.33Ec05 
6.43E+05 
3 I 17E+05 

a 
1.53E909 
7.91E+07 

a 

a 
4.52E+07 
3.54E+08 
131 8 E+03 

2 I 89E+01 

9.29E+02 
3.71Et03 
3.02E+01. 
2.27E+Oh 
1.90E+03 
3.01E+03 
5 . 8 1 ~ 0 2  

a 

a 
a 

1. 38E-1-03 

1. 57E-1-05 

7.16E-1-21 

1. 08E-t-04 

3. 72E-1-08 

7.29E-tll 
5.82E+03 
I. 08Ed-05 

a 
a 

3.81E+J 8 
4.27E+O4 
6.24E+52 
1.94E+05 
1.38E+03 

a 
1.49E+09 
3.01E+07 

a 
1.54E+05 

a 
2.53E+07 
3.54E+08 
1.1.3E+12 
7.14E+21 
2.72E+Ql 
4.36E+03 
8.34E-t02 
2.54E+03 
2.86E c01 
4.81E+03 
3.99E+02 
6.37E+02 
2.73E+O2 

a 
7.35E+07 

a 
a 

aIndicates that the decay of the isotope is sufficient 
to allow ~ O K  any concentation in the waste for that particular isotope. 
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Table 4.10. Class III w a s t e  concentration limits calculated according 
to LLWlPDD strategy using preliminary site and waste characterjization 

data for Bear Creek Valley site 

In t rude r /  
Half - Water I n t r u d e r  water 

p a thway pathwa Y (u c u m 3  ) ( u W m  1 r l i f e  pathwa 
Iso tope  (years) (uCi./m 1 

1% 
14c 
93Zr 
"Tc 
232u 
23311. 
235u 

238Pu 
237Pu 
239Am 

243Am 

2 4 1 h  

4.57E+05 
I. 07E+06 
6.00E+05 
1.50E+06 
5.34E+02 
8.74E+03 
9.80E+03 
9.70E+03 
6.40E+02 
6.05E-i-02 
9 71E+02 
6.17E+02 

1 I 40E+06 
1.09E-t-06 
4.53E+08 
7.51E+05 
1.10E+04 
1.81E+06 
2.80E+05 
1.03E+06 
2.80E+03 
6 I 09E+05 

2.58E+04 
7.40E+04 
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The most probable waste f o r m s  t h a t  w i l l  meet t h c  LT,WDI)D WAC and be 
d e l i s t a b l e ,  i f  a p p l i c a b l e ,  w i l l  be those t h a t  provide minimum leacha te  
concen t r a t ions .  A n  eva lua t ion  of h igh ly  promising waste forms using 
a c t u a l  waste should be pursued t o  provide a comprehensive eva lua t ion  o f  
t he  a l t e r n a t i v e s  based on the  avai l a b l e  technology ~ 

4 . 4 . 4  Pro jec t ed  Collection, Treatment, and Solidification 
Processes for Radioactively Contamhated LY 

The L W  Planning Team recognizes the need f o r  c e n t r a l i z e d  LW treatment  
i n  a d d i t i o n  t o  the c a p a b i l i t y  f o r  s o l i d i f i c a t i o n  of RH-TK[J sludges t h a t  
w i l l  be provided by WHPP. Assuming t h a t  RH-TRU sludges w i l l  be processed 
v i a  WHPP beginning i n  1996, approximately 2. y ea r s  w i l l  he r equ i r ed  t t o  empty 
one waste s to rage  tank,  which would then allow sepa ra t e  c o l l e c t i o n  o f  newly 
generated LW. The accumulation r a t e  of "newly" generated LW a t  OKNL i s  
dep ic t ed  i n  Fi.g. 4 .11 .  A s  i-ndicated i n  t h i s  f i g u r e ,  LW generat ion w i l l  be 
s ign i - f i can t  ; t h e r e f o r e  a t reatment  system w i I l  be needed. This t reatment  
system w i l l  provide f o r  long-term management of LW and w i l l  include th ree  
lorig- t e r m  s t r a t e g y  components : (I .)  segregat ion and t reatment  of LW at: its 
source where c o s t - e f f e c t i v e ,  ( 2 )  conversion of  t he  bulk (volume and weight:) 
o f  the waste t:o e i t h e r  reusab1.e m a t e r i a l s  o r  LLWDDD Cl-ass I1 s o l i d  low- 
l e v e l  waste (SLLW), and ( 3 )  concentrat ion of radionucl ides  (both TRU and 
beta-gamma) i n t o  a volume t:liat w i l l  opti.mi.ze p repa ra t ton  f o r  disposal..  
The optimal d i sposa l  volume i s  dependent on the method of  d i s p o s a l  and i s  
s t r o n g l y  inf luenced by the r e s u l t s  of the ongoing LLWDDD pathways a n a l y s i s .  
Each of t hese  components a f f e c t s  the s p e c i f i c  s t e p s  t h a t  may be r equ i r ed  
f o r  t reatment  of LW. 

Changes i n  L W  generat ion t h a t  have the p o t e n t i a l  t o  s impl i fy  centi-a1 
t reatment  requirements w i l l  be pursued vigorously.  Major components o f  the 
c o l l e c t i o n  system w i l l  be upgraded by t h r e e  l i n e - i t e m  p r o j e c t s  and w i l l  
reduce the s o l i d s  content  of  LW by more accu ra t e ly  c o n t r o l l i n g  reagents  
added f o r  waste n e u t r a l i z a t i o n .  The a c t u a l  c o n t r o l  po in t  f o r  neutral.- 
i z a t i o n  may be a func t ion  of downstream processing because some processes 
may r equ i r e  a lower pH than i.s c u r r e n t l y  used i n  the waste c o l l e c t i o n  and 
transCer system. Central ized t reatment  w i l l  be needed through the  twenty- 
f i r s t  century because the mission o f  the Laboratory includes research i n  
the nuc lea r  energy f i e l d .  F a c i l i t y  D&D is  a l s o  expected t o  add addi.ti.ona1 
wasre t o  the system. The success o f  implementing w a s t e  s eg rega t ion  
p r o j e c t s  outl-ined i n  Sec t .  4 . 4 . 1  w i l l  a f f e c t  s i g n i f i - c a n t l y  the  composition 
of di.l.ute LW. 

Overall ,  t:he major chemical c o n s t i t x e n t s  o f  t he  dil.ut:e LW are not: 
expected t o  change ( e . g , ,  NaN03). Fu r the r ,  t he  removal of TRU c o n s t i t u e n t s  
a t  t h e i r  source t o  a l e v e l  t h a t  renders  t he  r e s u l t a n t  concen t r a t e  non-TRU 
wil.1. be exacerbated by the  indigenous 'TIUJ contamination wi th in  t h e  T.,W 
syst:em. Nevertheless ,  long-range planning includes introducing segregated 
waste streams i n t o  the  reconfigured t reatment  system a t  the  appropr i a t e  
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processing step. 1.W that has been concentrated at its source will not be 
allowed to mix with less concentrated waste; di-lute LW will not be mixed 
with LW that has a high solids o r  high radionuclide concentration. 

Contaminated LW will continue to be col.l.ected in large tanks and fed 
to the treatment process. At this point, the LW will have been treated by 
the addition of  alkali metal hydroxides or carbonates to ensure that the 
liquid is not acidic. Under these conditions, practica1l.y all 
radionuclides except cesium, technetium, iodine, and a small portion of 
the strontium and cobalt will have been precipitated i.n the form of 
hydroxides or carbonates, The dissolved solids will be predominantly 
sodium, potassium, lithium, and aluminum compounds such as nitrates, 
chlorides, carbonates, and hydroxides. Of these water-soluble compounds, 
sodium nitrate wil~l be the most predominant. 

The flow sheet shown in Fig. 4.12 illustrates the projected treatment 
and sol.i.dification processes for the central collection system. The 
processing steps shown on the flow sheet are discussed below. 

Treatment of supernate or diluce LW will convert the bulk of LW to 
reusab1.e material or LLWDDD Class I1 SLLW. Treatment o f  concentrated LIJ 
will also result i.n production of  a smaller vol.ume of RH-TRU waste or 
LLWDDD Class IV SLtY.  Parameters that will be considered during the 
selectZion o f  unit operations include shielding requirements and use of  
existing o r  planned facilities. Shielding requirements will determine the 
need for remote operations and maintenance. The activity level and volume 
of the concentrated LW can be varied, depending on the severity of 
treatment. This activity level and volume will be traded off against 
shielding and handling requirements. Self-shielding, which will be a 
greater influence in larger volumes, will be included in the overall 
shieldi-ng analysis. Use of existing equipment will be proposed where the 
anticipated equipment life meets the projected life of the new treatment 
system. The ORNL Evaporator (Building 2 5 3 1 ) ,  the 3039 Stack system, the 
PWTP, and the WHPP are among the existing or proposed facilities that have 
potenti.al for use in 1-ong-term LW treatment. Use of this equipment wi1.l be 
considered for processing steps labeled "volume reduction" (ORNL 
Evaporator) , "prepare concentratx for disposal" (WHPP) , and "polishing" 
(PWrP and 3039 Stack). 

'The "solids/liquids separation" step may include decantation-filtration 
equipment located within the collection tanks (preferably as a floating 
suction line) and a nearby (preferably within Building 2531) shielded- 
filter module, which could be cleaned periodically by nitric acid flush- 
back into the collection tank. 

The supernatze decontamination process would probably use an ion 
exchanger to retain cesium and strontium, which would periodically be 
eluted and returned to the evaporator. The decontamination equipment will 
require shielding and must be located within a contained facility. This 
equipment and the evaporator system, which will likely be needed for 
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Fig.  4.12 Projec ted  t reatment  of ORNL liquid waste. 



66  

volume reduction, could be located in existing buildings. For example, 
Building 3517 previously contained equipment o f  this type and is currently 
used for  cesium and strontium processing. 

The process used to "prepare material for disposal" may include 
denitratZion and will definitely include solidification. The cquipment 
needed for "preparing solids for disposal" from the supernate stream may 
not need to be located within a shielded hot cell if sufficient 
decontamination is achieved which would allow a lesser degree of 
containment to be used, 

In practice, supernate treatment would be carried out on a continuous 
basis, allowing the volume of hydroxide/carbonate sludge to accumulate in 
the collection tank (settling time will be considered in determining the 
frequency of operation). Periodically, most o f  the supernate would be 
removed, and ihen concentrate treatment would be carried out. The sludge 
would be transferred and flushed with water to the evaporator and 
solidification system. After the chloride concentration has been reduced 
sufficiently to prevent corrosion of the collection tank, a dilute acid 
flush may be used to enable more efficient transcer o f  TRU wastes from the 
tank to tlic solidification system. 

Several variations of the treatment and solidification processes could 
be used. An R&D program is needed to support process development and 
testing. T h e  specific R&D needs are discussed in Sect. 5 . 4 . 2 .  

An expanded discussion of  R&D conducted to date and observations about 
appropriate areas to study during the planning phase of the R&D prograiii 
follows. These thoughts are grouped according to processing area in 
Fig. 1 2 . 1 2 .  

4 . 4  4.1 Pretreatment 

Although not shown explicitly in Fig. 4.12, pretreatments and process 
modification at the generation source are ways in which major impacts can 
be made on both the vol.iume and the nature of future LW generated at ORNL. 
An example of  this impact is the dramatic reduction in LW production seen 
at the PWTP as a re.su1.t of process modifications. Further areas where it 
is obvious that improvement can be made are the demineralizers for 
contaminated water streams, the 3517 facility, and the TPP at 
Building 7920. 
performed to either drastically reduce, eliminate, and/or significantly 
change the nature of  the LW generated. 

In each of  these areas, process modification could be 

4.4.4.2 Solids/Liquid Separation 

Any process envisioned €or LIJ treatment will have to include a step 
for eliminating suspended solids. With the current chemistry of  the 
waste, this step can also be used t o  eliminate the TRU constituents. This 
is effective because the waste is at high pH, and under these conditions, 
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most of the alpha emitters will have been precipitated. 
amount of work has been done in looking at one possible method for 
performing this step. Cross-flow filtration has been evaluated with both 
simulated and actual waste for removal of suspended solids. The initial 
test results indicate that the cross-flow filter can effectively remove 
alpha Contamination from the MVST waste (W-29). 
the filter is employed, then filter flux can be maintained for extended 
operating periods before filter cleaning or replacement is required. Other 
types of filtration have been studied with mixed success. Dead-end filters 
of porous-metal and wound-fiber design have been investigated briefly with 
simulated waste. These filters are effective if the solids loading is 
extremely low. 
investigated but should be included in the initial screening exercise for 
process development. These include centrifugal devices such as cyclones 
and centrifuges. When Implemented, it would obviously be advantageous to 
employ gravitational forces to improve process efficiency. This can most 
easily be done by removing supernate from the top of the tank through a 
mechanism that imparts the minimum amount of turbulence and thus does not 
agitate solids. 

A significant 

If cyclic backpulsing of 

Other types of solids/liquid separators have not been 

In the previous discussion, it has been assumed that the solids/liquid 
separation step would be conducted on the raw waste. It is possible that 
by judicious chemical pretreatment (possibly pH adjustment), a major 
fraction of the solid phase could he solubilized without placing the TRU 
constituents into solution. The net effect would be ta drastically reduce 
the volumk of TRU-waste. Some very preliminary work suggests that the 
solution pH can be lowered to -7 without significant transfer of alpha 
activity to the supernate. However, data are not available that indicate 
whether any of the bulk sludge is solubilized at this pH. A more detailed 
study would indicate how this technique might fit into the overall f l o w  
sheet. It might be more appropriate to perform sludge dissolution on the 
concentrate produced by solids/liquid separation. 

Another possible amendment to simple filtration is the use of additives 
to the feed soluti-on, such as coagulants to augment either fission product 
or actinide removal. Addition of nonradioactive strontium in solution 
followed by precipitation and filtration to reduce the radioactive 
strontium fraction in the filtrate is another option. 

4 . 4 . 4 . 3  Wecontamination 

There are several options for decontaminating the solids-free solution. 
Ion exchange is one of the prime candidates. Variables that must be 
considered include the type of exchanger (organic-inorganic), the decision 
on whether or not to regenerate, pretreatment (pH adjustment, dilution), 
and posttreatment (further concentration of the regenerant stream to make 
the final waste package even smaller). Other process alternatives to ion 
exchange include solvent extraction, biological absorption, precipitation, 
and crystallization. All o f  these options should be included in the 
initial screening of process alternatives. 



4 . 4 . 4 . 4  Volume Reduction and Poli.shing 

Volume reduction and polishing can be attained conceptually through 
combinations of  evaporation and decontamination (via techniques described 
above) and through treatment for nitrate renioval. Denitration could be 
achieved through several different methods, which include biological, 
chemical, thermal, and electrochemical denitration. The chemical and 
electrochemical techniques provide the opportunity for caustic recycle, 
an attractive method for potential volume reduction and cost savings. 

1,. 4.4.5 Segregated Concentrated LW 

Depending on the physical. characteristics and the ultimate disposal of 
the waste, the feed might be processed far volume reduction. In the 
simplest form, this could be evaporation to reduce liquid content. One 
opti.un that will be considered is drying through the application of 
microwave energy. There are other options, and these should also be 
evaluated. The microwave drying technique is most effective for wastes 
that will be disposed of at che WIPP in New Mexico. This technique could 
be coupled with immobilization techniques such as solidification in a 
grout matrix. A s  previously noted, it might also be possible to greatly 
reduce [:he TRU sludge volume without solubilizing the TKU isotopes through 
the application o f  a mild acid leach. The concentrate from this kind of  
process would then be a candidate f o r  fixation. The leachate would be 
cycled to the di-lute T..W front end of the flow sheet. A more severe leach 
with strong acid could produce n feed stream that would b c ?  amenable to TRU 
separa.tinn by a solvent-extraction technique such as the TRUEX process. 
This would result in a TRU waste of minimum volume. 

4 . 5  S W Y  

Clearly, there are many combinations o f  treatment options to be 
evaluated in order to determine the best long-term approach to LW handling 
at OWL. The selection of the "best'! treatrrienC and solidification 
processes wou1.d be supported by the proposed R&D program. This program 
represents a systematic evaluation o f  process development options. A s  
discussed in Sect. 5 . 4 . 2 ,  the evaluation (and the entire R&D program) wou1.d 
he performed within an organization having a centralized planning and 
analysis function. The ultimate direction taken would be based on 
systemati-c evaluation of technical merit, experience of others, 
experimental testing, regulatory constraints , and institutional and fiscal 
constraints. 



5. ACTIVITIES NEEDED FOR S TION 

A detailed discussion of the basis for each of the primary elements 
that support the general strategy and apprmch for management of LW at 
O W L  was prosented in Sect. 4 .  Information 1s provided in this chapter 
on the following specific activities needed for implementation of the 
general strategy: 

e Characterization of the contents of the active and inactive LW 
tanks 

e System modifications and H.&D necessary for conduct o f  in-tank 
evaporation, 

e Completion o f  the initial EASC. 

o Further development and evaluation of processes fo r  removing the 
RK-TRU wastes from the LIJ tanks and solidifying these wastes. 

e Potential i.mprovements to the LW system. 

e R&D needed to provide the capability fo r  treating and 
salidiSying future LW I 

Information is also presented on the anticipated tiini.ng f o r  
initiation and completion of the required activities and estimated 
budget requirements. 

It is essermt-ha’l. to the process of developing flaw sheets, conducting 
treatability tests, and designing processing facilities to first 
establish the characteristi-cs of the material to he processed. The 
existing information on the contents of [:be active and inactive taiiks was 
presented in Sects. 4.1 and 4 - 2 .  Additional characterization is required 
to adequately evaluate processing o p t i o n s  for the contents of actlve and 
inactive tanks. 

Currently, the radiochemi.cal description of the wastes in the active 
tanks is much more complete than the knowl.edge of  bulk chemical 
composition, and the distribution between true 5nsolu.bles and dissolved 
(or soluble) constituents in ttic sludge is uncertain. I%e extent to 
which the TRU i so topes  are isolated in the settled sludge is a very 
important parameter. ChernLcal coinponents (cations, anions, and others) 
were determined in 1985 for tanks W-24 Llxough W-28; but since completion 
of that sampling work, W-28 has been p r a c t i c a l l y  empt ted  and the liquid 
has been added to the other seven PlVSTs . Tank W-28 was later f i l . led with 
concentrate from the Bethel. Valley LW storage tanks. These tank 
transfers have introduced uncertainty in infarmation on individual tank 
characteristics. 

69 
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It is important that all significant species be determined in 
fractions representat-ive of the final materials that might be processed. 
These are the pure liquid phase and the truly insoluble constituents; 
from these, various mixtures can be calculated. The following 
considerations are o f  particular importance: 

1. Sludge analysis methods should be reexamined to ensure 
determination of the composition of both the supernate and the 
insoluble solids free of  supernate. 

2. Analyses should be carried out €or  a l l  "key" constituents. 
These include some of  the more difficult radioactive species and a l s o  
some likely bulk components, notably carbonate and bicarbonate. For 
evaluation o f  ion-exchange processes, it i s  useful to know the stable 
cesium and strontium concentrations and a1 so organic cornpl exing agents 
[generally anionic ones such as disodium ~tk~ylenediaminetet-raacetate 
(EDTA) , and others]. Elements that interfere with cement hardening 
(boron, silicon, and others) are also of  interest because concrete waste 
generated from sludges has been known to remain paste-like and not set 
properly. 

Accurate determination of the RCRA metals is needed to provide 
information concerning whether the waste will be classified as RCRA 
hazardous material. In conjunction with t h i s  RCRA-related interest, 
organic screening analyses should be performed to verify that 
significant quantities o f  RCRA hazardous organics are not  present. 

A sampling effort has been conducted to support the EASC. This 
sampling of tanks W-29 and W-30 will provide i.nformation on the liquid 
supernate for these two tanks. The sampling of  tanks W-29 and W-30 was 
funded in conjunction with the EASC efforts. 
sampling of tanks W - 2 4  through W-28 arid sludge sampling of  tanks W-29 and 
W-30 are not currently funded. This currently unfunded effort should 
include the development of  a sampling plan in FY 1988 to be followed with 
conduct of the actual sampling to be done in the first quarter of  
FY 1989 .  The development o f  the sampling plan wi.11 build on the 
experience in FY 1988 of  sampling tanks W-29, W-30, and the inactjlve 
tanks. Development of the plan i s  estimated to cost $30,000 (FY 1988). 

The liquid and sludge 

The actual sampling will be delayed until FY 1989 because the OWL 
capability for anal-yzing these highly radioactive samples will be 
consumed in FY 1985 by the efforts to characterize the other tanks. 
Analyzing this kind of radioactive material is very expensive, and it is 
estimated that $450,000 will be required in EY 1989 to collect samples 
and complete characterization of the supernate and the sludge in the 
MVSTs. In addition to the characterization of iWSTs, sampling in other 
parts of  the active LW system w i l l  be needed to support systems analysis 
and strategy development. 
waste in other par& of the LW system is estimated at $200,000 in FY 1990 
and $lOQ,000 in FJ 1991. 

The cost for sampling the newly generated 
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Available information on t h e  con ten t s  of t h e  i n a c t i v e  tanks i s  very 
I . i m i t e d .  Even t h e  voltmes o f  l i q u i d  and s ludges i n  mamy o f  rhe tanks Lire 

not w e l l  e s t a b l i s h e d .  No chemical parameters ( c a t i o n s ,  anions and 
o t h e r s )  have been determined, and the  inforrr.2cion on r ad io i so topes  i s  
s p a r s e .  The RAP has planned a sampling e f f o r t ,  which w i l l  be. conducted i n  

1988, t o  s a m p l e  t h e  i n a c t i v e  tanks.  The p l ans  f o r  t h i s  effort: wil .1 .  be 
reviewed with regard t o  opt ions f o r  f u t u r e  processing and s o l i d i f i c a t i o n  
of  t h e  con ten t s .  N o  sampling in addj-t ion t o  t h a t  funded by RAP i s  
necessary a t  t h i s  t i m e  f o r  t h e  i n a c t i v e  t anks .  

5.2.3. In-Tank Evaporation 

As a means f o r  ob ta in ing  a d d i t i o n a l  s to rage  capac i ty  a t  thP W S T s ,  
i t  i s  recommended t h a t  i n - t a n k  evaporat ion be undertaken i n  a phased 
approach beginning immediately with a l o w  r a t e  of  l i q u i d  removal froiii t he  
tanks.  As each phase i s  completed, the water-removal cat:e would bc 
inc reased .  

There a r e  two methods f o r  handl ing tztie evaporatxd water from t h e  
W S T s .  The f i r s t  method consists of system lmprovements t h a t  w i 1 . l  r e s u l t  
i n  t h e  r e l e a s e  of t he  evaporated water vi.a the l o c a l  stack. The second 
method consi-s ts  of i n t e r c e p t i n g  the  demister l i q u i d  (condensate p l u s  
e n t r a i n e d  l i q u i d )  an.d t r a n s f e r r i n g  it t o  Bethel Va1l.e-y fox: t reatment  and 
r e l e a s e  i.n e i t h e r  t he  Evaporator  F a c i l i t y  o r  t h e  PWTP ~ depending on the  
level- of r a d i o a c t i v i t y .  System improvements for i nc reas ing  t h e  
evaporat ion rate of water from the tanks w i l l  be necessary f o r  eit.her o r  
bo th  of t hese  methods t o  he e f f e c t i v e .  
w i l l  use both methods a t  va r ious  times t o  varying degrees .  

The suggested phased approach 

‘l.’he proposed approach f o r  removing water from the MVSTs ~ o ~ 1 . d  be 
undertaken i n  s i x  phases,  w f i i c h  a r e  as f o l l o w s :  (1) T h e  f i r s t  pl-mse 
c o n s i s t s  o f  p ip ing  niodifications t o  the demister drain system ~ r h a t :  w i l l  
al low sa.mpling of the  denlister l i q u i d .  ( 2 )  The second phase c o n s i s t s  of  
acti-ons w h i c h  wil.1. a l low ope ra t ion  o f  t h e  i n -  tank spa rge r s  a t  the 
p r e s e n t l y  ob ta inab le  r a t e  t o  remove water from the  tratiks. ( 3 )  The t h i r d  
phase c o n s i s t s  of a c t i o n s  required t o  i nc rease  the i n - t a n k  sparge r a t e  t o  
the design value of 100 ft3/min p e r  tank.  ( 4 )  The foi.irrili phase c o n s i s t s  
of  a c t i o n s  t:ha 1: wi.11  reqr.iire some modif icat ions of t h e  p re sen t  system and 
w i l l  al low the  t r a n s f e r  of the d e n i s t e r  l i q u i d  t o  Bethel Valley f o r  
t reatment  and release. (5)  The f i f t h  phase. c o n s i s t s  of acti.ems t h a t  
w i l l  r e q u i r e  design and procurement o f  s i g n i f i c a n t  items. ( 6 )  The s i x t h  
a-nd l a s t  pltase i.nvolves m a j o r  modif icat ions t h a t  should only he 
undertaken a f t e r  development resu l . t s  a r e  a v a i l a b l e .  Figure 5 . 1  is  a 
scliematic r e p r e s e n t a t i o n  of  t:he system with the var ious phases 
h i g h l i g h t e d  ~ 
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5.2,1..1 Ehase 1 

Phase 1 consists of making the appropriate piping modificatlons that 
will allow sampling of the demister liquids. 
liquid from the demister to the tanks would be modified to pernit 
sampling and flow-rate measurements of this liquid, which has never been 
sampled due to the existing piping arrangement. Chemical and 
radiological information about this stream is needed for implemenratim 
of later phases o f  this approach. A l s o ,  flow-rate measurements on this 
stream are needed for further evaluation of the effects of various 
sparging conditions. While the system is down for piping modifications, 
a spray nozzle would be installed in the top flange of the demister. 
This nozzle can be used to back-flush and decontaminate the demiist.er, 
if required, during later phases of in-tank evaporation. 

The piplng that returns the 

The suggested demister piping modification would be designed so that 
piping attachments can be made later for diverting thls liquid to 
another location. Once this demister drain piping modification has been 
completed, Phase 2 would be initiated. 

5.2.1.2 Phase 2 

Phase 2 consists of sparging four of  the tanks at the a$r sgrarge rate 
that is obtainable with the existing compressor. This sparging wi.11 be 
similar to that performed when the New Hydrofracture Facility was being 
operated. Four tanks, W-24 through W-27, would be considered f o r  
sparging during Phase 2 operations. Tanks W-29 and W-30, plus the other 
tanks in the same vault, would not be sparged until the EASC has been 
completed. 

The off-gas ducts external to the vault would be insulated, and 
electrical heat tracing would be installed to minimize refluxing. 
Procurement of the heat tracing and insulation can proceed while 
operation of the spargers is occurring; however, sparging wj.11 need to 
cease during the installation phase. 

5.2.1.3 Phase 3 

Phase 3 involves the installation of additional air-compressi.on 

An air compressor would be lensed until. one can be 
capacity which will allow for in-tank sparging at the design rate of 
180 ft3/min per tank. 
purchased and installed permanently. The compressor should have the 
capability of delivering at least 900 ft/min at 100 p i g ,  which i.s the 
present pressure prior to air pressure reduction. This compressor 
capacity will ensure that adequate air is available for both sparging and 
instrumentation needs. 
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5 . 2 - 1 . 4  Phase 4 

Phase 4 involves the removal o f  the  demist-er l i q u i d  from the  system. 
This  wi .11  r e s u l t  i n  the c o l l e c t i o n  o f  the demister 1iqui.d and i t s  
subsetluc:nt t r a t i s f e r  t o  Ret:hel Valley f o r  iiceatrrrent and r e l e a s e .  The 
e l e v a t i o n  o f  the demister i s  -76  f t  higher  than t h e  a r e a  n o r t h  o f  the 
v a u l t s .  This e l e v a t t o n  d i f f e rence  w i l l  a l l o w  g r a v i t y  drainage of  t he  
dernistez- 3.i.quid i n t o  a r r ans fe r  v e s s e l .  'Ihe t a s k s  r equ i r ed  For t h i s  
phase are (1) i n s t a l l a t i o n  o.E a spil.1 b a s i n  fox- the t r a n s p o r t e r  no r th  o f  
the v a u l t s ;  ( 2 )  modiFication of the d m i s t e r  p ip ing  LO permit l i q u i d  
rou t ing  to  the l i q u i d  t r a n s p o r t e r ,  which w i l l  be loca t ed  -100 - E t  f rom the  
v a u l t ;  and (3)  modif icat ion of 'die f i l l  nozzle of the t r a n s p o r t e r  t o  
provide s u i t a b l e  piping connections and t o  provide a HEPA-f i ' l . t e red  vent  
connect ion,  

5.2.1.5 Phase 5 

Phase 5 c o n s i s t s  o f  system modificat i o n s  necessary Tor inc reas ing  
the evaporation r a t e  from [he tanbs. The t a sks  t o  be donc dur ing  t h i s  
phase involve i n s t a l l a t i o n  of (1) e l ec t l r i c  h e a t e r s  having a t o t a l  
capaci t y  o f  -20 kW through the roof plugs loca t ed  i n  01113 corner  of each 
v a u l t ,  ( 2 )  h e a t e r s  i n  the v a u l t  i l l l e t  a i r  supply,  ( 3 )  a dehumidif i r r  on 
the tank v e n t i l a t i o n  a i l  supply t o  lower the humidity of t he  tank vcnt 
a i r ,  and ( 4 )  a dehumidifier on the compressed a i r  system t o  lower the  
humidity of i i i e  purge a i r .  li should be no1 ed t h a t  compression o f  air t o  
100 p s i s  w i l l  lower i-he water vapor content  by about 8 6 % .  

An a l t e r n a t i v e  design f o r  i n - t ank  e l e c t r i c a l  heaLing t h a t  could bc 
i n s e r t e d  i n t o  ii tank through tlie 2'0-in. manhole (nozzlc  C )  should be 
evaluated.  InforrJiation on the e x t e n t  o f  insiilatjoLi o f  t he  h e a t e r  
e lmwnt  v i a  s o l i d s  ToLrriation i s  nepdpd f o r  t h i s  eva lua t ion .  This 
a l t e r n a t i v e  hea t ing  method r equ i r e s  breaching rhe i n t e g r i t y  O F  the  
t anks ,  whereas the above steps do n o t .  The design rcrnperature of  t he  
tanks i s  1 5 0 ° F .  

5.2.1.6 Phase 6 

Pilase 6 c o n s i s t s  o f  operat ions whosr ileed can only be determined 
a f t e r  experiments have been prrforined using act-ual tank so lu f  iOT1S 

exainple, i f  t he  l e v e l  o f  radioact i v i t y  i n  the dernistrr  l i q u i d  is  too high 
f o r  shipping via  the ava i l ab l  e l i q u i d  t 7 arisporter . then a 1 oca1 
c o l l e c t i o n  tank  f o r  the d m i s t c r  l i q u i d  with appropr i a t e  p ip ing  
connections f o r  undrrgr ound t r a n s f e r  t o  ihe Bethel Valley evaporator 
feed  tanks m a y  be r equ i r ed .  This medii-ication w i i l d  use the e x i s t i n g  
underground l i n e  f o r  transft-.r t o  the Be< iiel Valley evaporal or .  Some 
components of  the off-gas sysf i ' m  ioay r e q u i r e  local  s h i e l d i n g .  

For 

There a r e  .several expPriiiielital r e s u l t s  r-hat a r e  needed htli can only 
be obtained using actual  tank s o l u t i o n s .  While i h t .  i n i t i a l  phases o f  
in-I: ,ink evaporation can be depl oycd w i i  itout the experirnrlrtal r e s u l t s  
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obtained from existing tank solutions, implementation cannot proceed for 
an extended period of time without this information. 
the existing tank solutions makes theoretical prediction of the 
precipitation behavior of  dissolved solids of little value. Information 
on the solids concentration at which crystallization or precipitation 
occurs initially, the nature of the crystals formed, and the allowable 
dissolved solids concentration at which evaporation must cease or may 
become inoperative because of lowered equilibrium partial pressure of 
water above the concentrated waste solution are several of  the more 
important experimental results required. 

The complexity of 

The effect of atmospheric carbon dioxide on the buildup of 
carbonates in the tank and the consequences of carbonates on later 
waste-processing steps need to be evaluated using existing waste 
solutions. 
of air and its conversion to carbonate ions will produce about 28,OO lb of 
carbonate ions per year. However, once the calcium has been converted to 
CaC03, further GO2 absorption will cease and the liquids will remain 
saturated with C02. 

The removal of atmospheric carbon dioxide from 100 ft3/min 

A preliminary schedule for implementing the first five phases of 
in-tank evaporation is given in Fig .  5 . 2 .  The estimated costs for 
implementing the tasks described in this section (on the schedule given 
in Fig. 5.2) are shown in Table 5.1.. 

5.2.1~7 Experimental Testing 

Laboratory-scale scouting tests performed thus far give a good 
indication of the crystallization behavior as a function of volume 
reduction factor that can be obtained by boiling supernate samples from 
MVST tank W-29. Future laboratory-scale tests will focus on sparging dry 
air through supernatant solutions to determine air flow rates and 
temperatures needed to reduce liquid volumes in the MVST via offsetting 
addition of LW at the present LW generation r a t e .  The experiments will 
provide information needed to determine the e f f e c t  of volume reduct ion  
(i.e., increased salt concentration) on the equilibrium partial pressure 
of water above the solutions and the impact that the nonideal salt 
solution behavior will have on the preliminary humidification 
calculations. The quantity and composition of the c r y s t a l s  that form as 
a function of  volume reduction and temperature will be determined. The 
nature of  precipitates, their tendency to plug sparge tubes, and the ease 
with which they can be redissolved will be determined. The effect of  the 
presence of  C02 in the sparge air will also be examined. 

An experimental apparatus will be designed and fabricated to meter 
known amounts of dry air into MVST supernate samples that will be 
maintained at a constant temperature. The system will have the 
capability to cool the concentrate to 50°F (approximate ambient 
temperature of the MVST vaults) in order to determine the amount of 
precipitation that will occur during operation at that temperature. 
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Tab1.e 5.1. Costs for implementing in-tank evaporation 
(Phases 1-5) 

T a s k  

1988 1989 
($1000) ( S l O O O )  

Expense Capital Expense Capital 

Obtain approvals and 
coordinate efforts 40 

Purchase and ins  tal 1 
equipment (Phase.s 
1, 2 ,  and 3 )  60 

I my lement erilianced 
evaporation (Phases 
4 and 5) 50 

200" 

300b 

"Capital equipment, 

bGeneral Plant Project 



The hunii.di.ty of  t he  feed  and e x i t  ai.r wi1.J. be monttored, a long wjth the 
temperature o f  t:ii.e 1.iqui.d and vapor .  The vapors w i 1 . 1  be condensed and 
<, :: i 1 e c red  i r) c r ementa 1.1. y to a s  s e s s p o t e n t  i a 1 con t: ail1 ina  t i- on p rob 1. eins . 
'l'herefore , p a r t i c u l a t e  and a.ci:%vat:ed carborn f i l t e r s  will a l s o  be 
inst:nJ.Pr?d i.n t h e  o f f  -gas  l i n e s  and moni:tor-etl f o r  r a d i o a c t i v i t y .  Data 
f rc--  t he  MVST fi l trat: iorr/stack system indicatx: t-liat 
r ad ioac t ive  pa r t i - cu la t e s  a r e  being entraLned b y  t he  p r e s e n t  a i r  sweep 
t + ~ r o ~ , g ;  ..he tanks above tlitl: l-i-qui d su r face .  Air-monicoring d a t a  should 
be ana?yi;c:3 t o  determine t h e  e f f e c t s  o f  sgargi.ng on the o f f - g a s  
:.omposition. 

The compositions o f  wqs tes  i n  the MVS'Ts vary  widely and have been 
char?- . ter i  zed t o  varying d t g r c r s  , with t h e  prcdominani: data a v a i l a b l e  

>[; r ad jo i so top ic .  Tanks C J - 9 4  ihrough W - 2 7 ,  l oca t ed  i n  one o f  tlie i w o  
i;t-j<'.  I- i - ~ u i ~ l  v a u l t s ,  have been charact e r i zed  mote thoroughly i l ran I dnks 
W-25 thraugh bJ-31 which ace l oca t ed  i n  t h c  o i i ie r  v a u l t .  Therefore ,  it 
i s  deemed necessary t o  conduct i-nts t$i:'n a minimum of  fou r  trltiks i n  
tb-,se evapoLdiion studies. Minimurn analyt ic-a]  requi rements f o r  each t e s t  

:n; 3 L 1 1 7  a t e  ai3d the chellqical Composition of  ilic pi e c i p i t a t e .  
R a d ~ ~ , ~ l i e ~ L ~  .-I ans lyses  OZ b o t h  the l i q u i d  and s o l i d  phases w i l l  a l s o  be 
requj  re6 

~. -. I :includs major anion and ca tLon  analyses of the  l i q u i d  f eed  and 

1.7 1 9  and l*J-30 a r e  currenLly l ~ e i n g  cha rac t e r i zed  i n  dctail for 
supcrnate  sampler obtained F r o m  i he  inidpoints above t h e  
a r e  a v a i l a b l e  En7 immediate evapora t ion  tes ts  Scout ing 

tes ts  w i l  I begiin with cui-rently avai 1 a b l r  Yamples froin tank W-29.  
E x p e r i n e ~ ~ .  w i l l  bc conduct c h d  dit two ternperaLur cc; ~ 50°F ( t h e  average 

o f  t he  v a u l t s )  and 9O"b. The a i P  spargc ra te  w i J 1  be  s e t  a t  
i c i r n t l y  l o w  t o  s a t u r a t e  t h e  a i r  w j t h  water  vapor .  The 

effe: ts OL CO2 i n  t h e  i n l e t  a i r  o n  p r e c i p i t a t i o n  w t l l  ?M ohserved 

The iiii ti31 t e s t s  w i l l  be L'ollowcd wi th  t e s t s  us ing  supet:riate s a m p l e s  
from t a n k s  W-30, W-2b, and W-27 at one ternperat-ure aim1 a i r  sparge race.  
Current  a n a l y t i c a l  da t a  ind ica t e  that ~ of the  more til-iorough1.y 
cha rac t e r  i.zed i-lainks ~ W- 2 4  and W- 2 / have Che h i g h e s t  and !.owes:: amounts o f  
disso lved  s o l i d s  aiitl s a l t s  ~ r e s p e c t i v e l y .  If the ~ - e s u l t s  from t e s t i n g  
these  samples a r e  p r e d i c t a b l e ,  the s tudy w i l l  be d iscont inued;  otherwise ~ 

it  may be necessary t o  t e s t  samples from the o the r  four  tanks t o  
dei:erllri.ne ind iv idua l ly  t h e i r  volume - reduct ion  p o t e n t i a l s .  
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5.2.1.8 Schedule and Costs far In-Tank Evaporation 

&cixity Time or Cost 
Equipment fabrication 
and installation 2 months 

Experimental tests on 
indicated tanks : 
w- 19 
E-30, W-24, a d  W-27 

Total costs 
Total time 

2 months 
2 months 

$150,000 (FY 1988) 
6 months from time 
personnel are available 

Additional testing of the remaining four tanks should require 
approximately 2 rninnths arid cost an additional $60,000 in 'Fy 1989. 

" T h e  ndcl i t ion of filtration to the backup process has been suggested 
as a way to yhysi.cally ens~~re that. no TRU waste is inadvertent1.y 
solidified. The b a c h q  process rel.i.es on gravity settling o f  .t:he TMU 
w a s t e  sludge to separate it f r o m  the supernate, which is a 1ow-I.evel 
waste, and or1 decantation to remove supernate from the tanks. O n e  
technical view is that the flow sheer. has no dedicated in-line unit 
operation for precluding the w i - t h d r n w a l  of TRU waste sludge from the 
tanks. Technj.cally, this i s  correct; however, there are two factors 
which indicate t h a t  the probability of entraining sludge is law. 

First, based on two sampling campaigns, it appears that i t :  i.s 
di.ffi.cult to mix the sludge with the supernate in the tanks. In the 
July 1985 sampling of  the HVST, the objective was to homogenize the 
contents of  the t:anks prior to taking samples o f  the slndge- siipe9:ru3.te 
mixture. T h e  contents of the t:anks were both aerated and cireulared 
externally to mix the contents and minimize settling of hard deposits. 
During the second sampling campaign, whi.ch w a s  conducted in November 
1'385, the objei-tive w a s  to homogenize the supernate. This was ta have 
been accornp1.i.shed v ia  aerati-on using the ai.r spargers. In both the J u l y  
and November 1985 sampling campaigns, the results indicate tbnt a sludge 
phase was s t i . l S  present and that  homogenization o f  sludge and supernate 
had not been achieved. More i-mportantly, the supernate was a non-"UUJ 
liquid after the rigorous attempt to mix the contents of the tanks. 

The S ~ C Q T K I  factor is associated with the design o f  the decanting 
system. The dip tube design is such that the tube extends only to the 
midpoint of the tanks. This location i s  -4.5 ft above the sludge- 
supernate interface. A t  the planned l o w  flow rates to be utilized 
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(5  t o  10 gpmr), it is highly unlikely that a significant quantity of 
sludge W X J ~ ~  1)e wi t ~ ~ d r a ~ ~ i - i .  

The EASC will rely on the following adm.inistLat i ve  control m e a s i i ~ p $  
& LO ensure thar no TRU I N  i s  solidified: 

1. 

2 .  

3 .  

4 . 
5 " 

6 .  

7 .  

The superna te  will be .*.ithdrawn from either tank W-29 or W-30 
t h r o u $ ~  a fixed-depch dip p i p e  positlorsled at the midpoint of the 
tanks using a pimi;) l o c a t r d  i n  a rimlulc a t o p  the vault 

The s i ipt ' i  nai  t7 .*ril 1 hc ~ ~ d n s f ~ r i - e d  rroin the decantation pump module 
to a i.e-izdor connection point inside the containment structure 
t'riroi~gli a doiihl e-wallrd p i p  i Iig sysi:em. 

Tiic supernate hcirrg puiaprd t i rough the p i p i n &  system w j l l  be 
transferred through hose to one of two liners positioned inside the 
contai iunent strticturr i n  casks on "1ov7bo-y" trailers. 

The transfer w i l l  be made at a rate o f  5 to 10 gpm. 

Following t h r x  bat '  1 1  i ran.;Tcr o f  -700 gal of  supt:c-n;ii:e to the 
liner. the liquid will be inixed by rotating the mixing Ibll;irlr 
i t r s i 3 e  the 1 i t x r  whilc 1 i qu id  is recirculated f r o m  the liiwr back, 
to the plant conneci ion skid and returned t-o i l r r < h  liner 

D,- ~ i n g  the recirculation inode, a liquid sainplIr w i l l  he  withdrawn. 
Prior to thr addii-ion of caernent, a n  iliquot of the sample w i l l  S j  
analyzed for gross alpha contrnt . Previoiis samplings s h o w  t hait 
-25% of the gruss alpha content i s  attributed to TRU elements; 
tl~us, if CZIP gross alpha i s  <400 i-iCi/g,; t l i ens  is reasonable 
assurance t h a i  r h ~  liquid is a non-TRU vast o. 

Should the quick check LOL gross aJpEza i n d i c a t r  t h a t  t l re I i q t i i d  i s  
potentially TRU w ~ ~ t e ,  then the liquid in the liner will be removed 
by t l i e -  reci 3 c - i l l a t ion  i_iibp a i d  ieturned to the tank Shoul d this 
happen, solidification of supernate from t h a t  Lank wnul d cease 
1 1 1 i V i  J n n o l i - T K U  c;upr_rnai ~1 coi17 d he withdrawn. 

The back3p process  ZipprCJach f o r  the EASC and the rcfcrence f l o v  
sheet difT<.r mainly i r i  L ~ F  u i i i i  ope3;rt:ions ihat precede solidification. 
The reference f l o w  sheet includes cross-flow filtration and 
decoirtaniin:iCion ahead o f  s o l  idification. Cross-flow filtration is 
intended to T ~ I I I O V ~  sl udee f rom the supea :late and yield a nsn-TKU liquld. 
Thc proyospd decon tmi  n a t i  on st ep  is i nt <*tided LO rep19ove so lub le  
radioisotopes, malnPy cesium, fron the supernatc wd y i e l d  a l i q u i d  
suitable fo r  GI"; solidification. There is a possibility that the backup 
€low s h n c t  inighi Pic cnhanccd tschnicaJJy by the  addiLior i  o f  f i 7 t ~ r a t i o n  in 
the transfer system, 
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In a d d i t i o n  t o  the  F e a s i b i l i t y  Study, a Sludge S o l i d i f i c a t i o n  
Al.tc?rnativc S irudy was coiiipl.eted in February 1988 .  The purpose of t h i s  
study w a s  t o  eva lua te  a l t e r n a t i v e  solidificat: i .on processes based on 
cementation and thermal ly driven evaporation f o r  s o l i d i . f i c a t i o n  of  t he  
OWL RH-TRU s1iidge.s I Stari:i.ng from the reference v i t r i f i c a t i o n  
approach, prel iminary informai.ion on cement.-based s o l i d i f i c a t i o n  and 
thermally dr iven evaporation s o l i d i  f i - ca t ion  was used i n  p r e p a r i n g  
modi.fied f a c i l i t y  layouts  and c o s t  e s t ima tes .  Additional-ly,  the 
ope ra t ing ,  t ransportat i .on,  and d i sposa l  c o s t s  were p ro jec t ed  f o r  each o f  
t he  t h r e e  processes s o  t h a t  a comparison o f  total- l i f e  cyc1.e could be 
perrforiiied. Kesul t s  o f  this study i n d i c a t e  t h a t  thermally d r iven  
evaporation i s  the mos t. c o s  t - E f-Fec t i v e  approach. 

S o l i d i f  icat..i on i t ? s t r ;  based on the tlierinally dr iven evaporat ion 
approach w i l l  be conducted i n  l a t e  FY 1988 wif:h sirnul.aixci was t x .  
Addi.i:iot-ial so l . i id i f ica t i  011 t e s t s  using a c t u a l  OKNL sludges are bei.ng 
proposed i n  FY 1 9 8 9  a,nd a r e  discussed i n  more d e t a i l  i n  t he  following 
s e c t i o n .  

5.3 .2  R&D to Support Pi-ocess Selection and Design Basis 
for RH-TFW SPndgc SolidiIicatfon 

Radioac L i v e 1  y cont-;cminatt?3 I W f i - c ) i n  the MVSTs can be sepa ra t ed  i n t o  a 
d i l u t e ,  l o w e r - a c t i v i t y  l i q u i d  and a conc rn t r a t ed ,  h i g h e r - a c t i v i t y  s l u d g e  
The si-7 at ~ & y  €or l o n g -  t p rm management o f  contaminated l i q u i d s  includes 
(1) decontamination and conversion o f  tlie bulk c o n s t i t u e n t s  i n t o  LLWDDD 
Class I1 SLLW and ( 2 )  concentrat ion o f  t h e  radionucl ides  (both TRU a i d  
bet,3-garnmd-) i n t o  a volume t h a t  w i l l  optimize p repa ra t ion  f o r  disposal 
( s ee  Sec t .  4 . h . / l ) .  S o l i d i f i e d  r ad ioac t ive  waste wi l l  be r equ i r ed  t o  meet 
WTPP o r  LIJJDDL) C l a s s  I V  WAC. 

R&D wi .11  be conducted t o  support  process and design-1)asi.s s e l e c t i o n  
fo i -  RN-'L'KU sl.udge s o l . i ~ d i f i c a t i o n .  This e f f o r t  w i l - 1  be conducted 
concurrent ly  and i n  p a r a l l e l  With R&D t o  support  o the r  s"iepa necessary 
f o r  the? l-ong- t e r i i i  trc?atmen"i p i - o e e ~ s  and des ign -bas i s  s e l e c t i o n  and wf~ll 
be coordinatxd through the "Analysis and Planning" futict  i o n  di-scussed i n  
Sec t .  5.4.7. The WHPP w i l l  con ta in  u n i t  operat ions f o r  handl ing TRIJ 
s ludge.  Analyses o f  a l t e r n a t i v e  u n i t  operat ions have i n d i c a t e d  that; 
microwave drying o r  some o the r  therinal treatment i s  promising f o r  
s o l i d i f y i n g  MVST TRU sludge f o r  shipment t o  WIPP.  [Vit;i:if-Lcai:ion was 
assumed as the reference s o l i d i f i c a t i o n  process f o r  the UHPP f e a s i b i l i t y  
study (see Sec t .  5 . 3 . 1 )  ] . The fo l lowing  di.sciissi.on outl.i.nes K&D tasks ,  
sclredul.e, and c o s  t:s rieeded t o  determine whether microwave drying o r  o the r  
thermal treatment i.s c o s f - e f f ~ ? ~ t i v e  and whether t h i s  approach shou1.d 
r ep lace  v i t r i f i c a t i o n  i n  the  design b a s i s  f o r  the WHPP. 

Sludge-removal , sol i d i  f i e a t i o n ,  and packaging f o r  shipment t o  WIPP 
a r e  th ree  major s t e p s  r equ i r ed  t o  s o l i d i f y  Fhe waste as shown i n  
F i g .  5 . 3 .  
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Fig. 5.3. Major s teps  required for management of remote-handled transuranic sludges. 
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The first s t e p  in ihe R&D e f f o r t  will be 2 literature review to 
assess the viability at alternal ; v e  soiidification techniques. 
Exp:~~-icat:i-~tal ovs lua t i  on of alternative processrs will fo7 low the 
literature revi~t7 'lesi iris O F  methods to concentrate wet sliidge and 
solidify concentrated sludge w i l l  be conducted us in3  simulated Om-L 
wasti? duLitig FY 1988. The purpose o f  the cold t c>s%ing is t o  d r a n o r ~ s t i a t e  
total direct solidification of ORNI, M V S r  sludge. Process parameters that 
w t l l  be reSin:7d in preparation for testiizg 01 ar tua1 OWNL was?e include 
( I )  volume reduction Idcio[.;,  ( 7 )  tendencies for foaming, ( 3 )  plugging of 
of f - g a s  1 i n e s  ~ ( L b )  of f -gas  constituents, (5) equipment specif ieatfons 
2nd ( 5 )  potential p~ u b l ~ m  areas. 

The versat i.li ty of  processes w i l l  be invcst:igat:ed to deterczkie their  
potential for produci.ng soJ.ids that meet the WIPP WAC, as we1.1. AS F o r  
FxarnIiiit-lg their capability for meeting more str.i.rrgent WAC should the 
criteria be expanded t o  address 1 each-resistance characteristics . The 
abi1.iity o f  a waste f o r m  to meet VAC m u s t .  he messured to determine whether 
process param rs (such 2s teniperature and k~ast:~:.- to-flux mix ratio) 
should be modified to improvc t.he ~ a s t e  form. Testing of  the 
concentrar i onjsol~i .di  fication processes using act:uaI OWL sludge w i l l  be 
condticted at ORNL in hot: ce1.l. Faci l i t i -es .  These hot t e ~ t s  m n s t  be 
conducted ear1.y in F'Y 1989 s o  that resul-.ts w i l l .  bs available t o  suppor'i 
validation o f  the  IJHPP project during mid-FY 1989. The des ign  aspects of  
the pro,j ect wi.7.1 be i nt<,gratnd by working with Engineering s h f f  an.d 1qi.J-1.. 
itncluie cons i -dera t ion  of secondary wasl-.e stresm treatment and production 
ra tes .  

, 1  lest 5 8ic; jng artti31 NVST sludge wi'hl bc coordinated v i t h  R&E on the 
Lu. Alternative neLl1ads foi rpmobing sludge from the b f W T  tanks and 
prqmriiis i t s  for shiprnerit to WIPP w i l l  be eva11.iat~d ( e . g - ,  using a 
"sludge hog" to rernave slud,gc nnd  vacuum drying in HIC to prcpa 
shipmest to WJPP) . T h i s  R&D effort coiild. exysai~d i n t o  a demonstration 
project by FY 1991, perhaps ~ ' n i o c l ~ l i  use of  an ouLsi.de suhcontractu? . 
Table 5.7 i ncludes fundi rig to implement a t c ~ ~ l i i i c 1 1  ogy deaonstration. 

In add< t i o n  t o  ecglneering applications i nformatiofi  gathered &iring 
hot tcsting w i l l  he w e d  t o  p r - p a r e  the Preliminary Safeey Assessment 
R e p o r t  (PSAR) , Environment a1 h s s e s m e x t t  (EA) ~ handling and transpot ta I i 011 

a p y i o v a l s ,  solidified-material czrtificaiion, radiation exposure 
scenarios, gas gcnerntion p r o j e c t i o n s  s o l i d  waste gerwrrat-i riri 

p i o j e c t i  ons , and qualPty assurance ~~o(.iimc?ntaiion. 

_. 
lhe basic t cvhniqtir for sl tidge removal from L h c  PIVS'Ts i s  a n t i c i p a t e d  

to be similar t o  that utilizcd in reniloval of  solids from the OkNE gunitc 
tanks. l h i  s w i  11 coinsist of  a high-pressure r r c a i  rculating stream t ha t  
can be remotely diroct.pd at the sludge for the purpose of ~ P - Q S ~ O ~  and 
entrainment of the s o l i d s .  The basic system w i l l  consist of a nozzle 
tha t  i s  i n s e r t e d  i i l t o  a tank through the matihole and wemstlePy directed at 
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Table 5.2. Cost estimate for RH-TRU sludge solidification Rdl) 

Task 
Funding needs by fiscal year 

($1000) 
1988 1989 1990 1991 

Literature search and 
summary (initial funding 
by TRU Program) 

ORNL evaluation of 
cold tests and 
procurement of 
hot test equipment 
(initial funding by 
TRU Program, $50K) 

ORNL hot waste testing 
and demonstration 
(additional funding by 
TRU, $150K F'Y 1989) 

Waste-form testing and 
characterization 

40 

30 

10 10 10 

65 45 45 

350 350 100 

150 300 150 

- - - I_ 

Totals 70 575 705 305 
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t h e  sludge by using a 'lV camera 4 s h i ~ l d e d  arid v p n r i l a t e d  f n C l O S u K e  

w i 7 J  I>+ l n c n i ~ ~ d  above the manhole, and i t   ill con ta in  t h e  necessary 
eqiiiyirirnt f o r  d i r e c t l n g  the  l l o z z l ~  and camera This em-losiire wi 1 I a l s o  
con ta in  the ileCeSSdi y i i lst i-uinrnta~ion and pipLng f o r  c a r r y i n g  ou t  I lie 
s l u d ~ e - r e r n c ~ i ~ l  opey<-.cjons neccssary  Lo empty a Lank. The s ludge-  
remmal r n c l o s u r e  will remain i n  place a t  a tank p o s i t i o n  u n t i l  the  
r e s idua?  sludge i n  t l iat  tairk i s  of  no concern. A t  t l r i s  p o i n t  i n  the 
sluclg;e rei iuvdl  ope ra t ion ,  the enclosure will be r e l o c a t e d  t o  another  tank 
p o s i t i o n .  The e x i s t i n g  tank and vau3 t v e n t i l a t i o n  systein on t h e  
iiortherri s i d e  o f  [:he vniil i mcnst be relocaf cd p r i o r  t o  t h e  i n s t a l l a t i o n  
o f  the sludge-removal enclosure.  

The support  equipment e x t e r n a l  t o  2 sludge -removal encl.osure will. 
consist o f  3 pump en<:losurr, a s1.iidge t r a n s f e r  l i n e  t r o  t:he sludge 
so l id i .  E i  catii-on f ac i l i t ry  a c l a r i f  ier-txype v e s s e l  l oca t ed  wi th in  the 
s o l i d i f i c a t i o n  f a c i l i t y ,  and a r e t u r n  l i n e  f r c l n i  t he  c l a r i . f i e r  hack t o  t . 1 ~  
puiip e n c l o s u r e .  Thi s equi~pinenfr wi.11 have adequate shiel~di .ng and 
vent  Ll~ai-i o n .  Fi.gure 5 .  i s  a schcmati c of  the proposed p rocess .  

The sequence o f  operations required to empty a taiik is a s  follows: 

1. The supernate fi-orn a tank w i l l  be used t o  h y d r a u l i c a l l y  f i l l  t-he 
pumps, p i p i n g ,  and c l a r i E i r r  io i n i t i a t e  s ludgr  removal from a 
talik. 

2 .  The r e c i r c u l a t i n g  system will be operated a'L f l o w  rates up to 
150 gprii u r i i  i l  t h e  des i rpd  qliant i t y  o f  sludge has  been 
t r a n s f e r r e d  t o  the c l a r i f i e r .  

3 .  Ihe sludge s o l i d i f i c a t i o n  f a c i l i t y  w i l l  then be operated t o  
c:npty che c l a r i f i e r  o f  sludge and l i q u i d .  

A .  i h i s  proccdiire : r i l l  be iepeatcd u n t i l  the  r e s i d u a l  sludge 
remaining i n  a tank i s  o f  no coincerii as t o  follow-or1 operat ions 

Process ~ r 7 t e r  w i l l  be used, as needed, i n  the l a t e r  stages o f  this 
operd t?c>n oiicc ihe siippmatc i s  depleted.  Thus, the . s o l i d i f i c a t i o n  
f a c i l i t y  process equipment must include an evaporator .  

Sludge and superiiate sairiplt-ls rieed to be c o l l e c t e d  and analyzed t o  

dete2 I l l i ~ 7 t '  tile q h i e l d i n g  reqiii r t ~ i w r i t s  f o r  C h i s  cquipmcnt. Sampling da ta  
r c q u i  r r d  L C O L  devcl opmPnL and design o f  a sludge system w i l l  be gathered 
as a p a r t  o f  the MVST ch3riiC t e r i / a t i o n  e f f o r t  dtlscribed arid cos t ed  j n  

Sec t .  5 . 1 .  A literatuie se- i rch i s  needed t o  review p a s t  work i n  sludge 
mobil i z a t i  oil In addi t i o r i  a veldor  SUI vey i s  necessary t o  i d e n t i f y  
statrs-of-i i i i3-arL 5 1 i J j  r i n g  and sl i i r lcqr r r anspor t  systems. Funding needs 
f o r  f i r  I i t e ~ d t i i r e  search and vendor survey are n o t  de f ined ,  and i t  is 
est imated that $50 t l i o u s a ~ d  o f  expt'iise funding will be r equ i r ed  i n  
FY 7988 t o  complp.ie t he  eIIor+ 
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Afte r  the s tudy t o  i d e n t i f y  mobil izat ion equipment has  been 
completed ~ mock-up ' iestx w i l l  be r equ i r ed  t o  demonstrate equipment and 
procedures f o r  a p p l i c a t i o n  i n  t h e  W S T s .  Add i t iona l ly ,  proper 
procedures f o r  t he  removal. of  t he  manhole and placement o f  t h e  s ludge-  
removal enclosure need t o  be demonstrated t o  ensure acceptable  r a d i a t i o n  
exposures f o r  workers. 

Demonstration o f  s ludge-mobil izat ion equipment and tank access  i s  a 
newly def ined t a s k  and i s  no t  p re sen t ly  funded. To e f f e c t i v e l y  support  
the WHPP design e f f o r t ,  t h e  demonstrations should be conducted i n  
FY 1989, FY 1990, and FY 1.991. Preliriiinary estimates i n d i c a t e  t h a t  t h e  
funding r equ i r ed  f o r  these e f f o r t s  would be $100 thousand i n  FY 3.989, 
$500 thousand i n  E'Y 1990, and $100 thousand i n  FY 1991. 

Information i s  presentxd i n  t h i s  s e c t i o n  f o r  work t h a t  i s  needed i n  
the  following a r e a s :  (1) p o t e n t i a l  improvements t o  t he  LW system f o r  
f u r t h e r  niiriimizing LW concentrate  generat ion and ( 2 )  R&D t o  support  
process  s e l e c t i o n  and des ign -bas i s  d e f i n i t i o n  f o r  t reatment  of 
contaminated LW. 

5 1 Potential Tnoprovements to LW system 

An i n i t i a l  systems a n a l y s i s  has been completed. A p l a n  fot- 
implementing t,he i n i t i a l  group o f  improvements i d e n t i f i e d  by t h i s  
a n a l y s i s  i s  discussed i n  t h e  fol lowing s e c t i o n .  A more complete a n a l y s i s  
of  t he  LW system w i l l  be a cont inuing e f f o r t  f o r  s e v e r a l  y e a r s .  The 
items discussed i n  the reaiairider o f  t l i is  s e c t i o n  are the  r e s u l t s  of  the 
i n i t i a l  a n a l y s i s .  Systems a n a l y s i s  s t u d i e s  t o  be cons t ruc t ed  i n  t h e  
f u t u r e  w i l l  include cons ide ra t ion  o f  r e s u l t s  from sampling of w a s  re 
streams a t  t hc  source and evaluat ion of  source t reatment  t o  minimize t h e  
LW generated.  

5 .4 .1 .1  3039 Stack O f f - G a s  Scrubber 

A s  previ-ously s t a t e d  ( S e c t .  4 . 4 . 1 . 1 ) ,  no change i n  the  handl ing of  
t h i s  wastx ~trearn is  warranted a t  t h i s  t ime. 

5.4.1.. 2 Lining o f  Process Waste P i p i n g  

The l i n i n g  of process waste piping j s  being conducted under t w o  
e x i s t i n g  c a p i t a l  p r o j e c t s .  N o  additional.  funding i.s r equ i r ed  f o r  t h i s  
mod i f i ca t ion ,  which should he completed i n  1988.  



5.4.1.3 Fission Products Development Laboratory, Buildhg 3517 

Implementation of changes to the waste-handling practice at 
Building 3517 would first require sampling of the waste stream for some 
period to establish its characteristics. 
bench-scale studies to determine the effect of diversion on the PWTP 
and/or development of pretreatment at the source prior to discharge to 
the process waste system. 

Sampling should be followed by 

Cost estimates to modify the Building 3517 waste system are given in 
Table 5.3. These costs include expense funding in FY 1989 to sample and 
develop a pretreatment scheme, with capital funding in FY 1989 to design 
and construct the system. 
FY 1989 funding is approved. 

Modifications should be complete in 1991 if 

5.4.1.4 H i g h  Flux Isotope Reactor 

Implementation of improvements proposed i n  Sect. 4.4.1 for HFIR 
should begin with radionuclide characterization of the spent primary 
demineralizer resins. This characterization would be used to request 
vendor proposals for solidification of the resin to meet LLWDDD Class I1 
WAC. Candidate vendors should then be asked to demonstrate their 
solidification process on a surrogate loaded resin and submit the waste 
form for ORNL testing to veri€y compliance with LLWDDD Class I1 WAC. 
a solidification vendor can be established, the necessary modifications 
to HFTR facilities should be made to accommodate vendor solidification at 
HFIR . 

If 

If a process cannot be established to produce an LLWDDD Class I1 
waste form, modifications will be defined to minimize the generation of 
LW at HFIR. A s  suggested in Sect. 4 . 4 . 2 ,  these may include concentration 
of the regeneration streams by evaporation and fractionation of the 
overheads to recover nitric acid for recycle. 

The preliminary costs for changes to the waste system at HFIW are 
given in Table 5 . 3 .  The expense funding includes spent-resin 
characterization, vendor evaluation, and proposed waste-form testing. 
Capital cost includes modifications to the facilities to accommodate a 
vendor solidification process or recovery and recycle equipment 
additions. Funding o f  these activities in FY 1989 should allow for 
completion in 1993. 

5.4.1.5 Oak Kidge Research Reactor/Bulk Shielding Reactor 

Modification for minimizing waste generation at the Oak Ridge 
Research Reactor is being implemented as a part of the activities to put 
the reactor in a safe shutdown condition. Funding for these activities 
is provided by the Reactor Division at OIWL. 
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BSR waste-handling changes are being implemented through a planned 
Review of this project, as it develops, GPP to upgrade the facilities. 

should be continued to ensure that waste recycle and minimization are 
included. Additional funding should not be required. 

5 . 4 . 1 . 6  Process Waste Treatment Plant 

A s  previously stated, the modifications to the PWTP are to be 
completed by a FY 1989 GPP; additional funding is not required. 

5.4.1.7 Transuranium Processing Plant 

Piping changes to segregate LLLW and TRU waste, both within TPP and 
in the LW collection system, would best be implemented as an addition to 
the proposed Melton Valley LLLW Collection and Transfer (MI-CAT) line 
item and/or the WHPP line item. Definition of needed piping changes 
should be established, and scope changes to MV-CAT and WHPP should be 
proposed. No additional funding is needed other than the cost increase 
in the bine items, which will be associated with scope changes. 

5.4.2 Rbl) to Support Process Selection and DesLgn-Basis 
Definition for Treatment of Contaminated LW 

An aggressive R&D program will be conducted to select the appropriate 
processes and to develop the design basis for the processing scheme that 
is depicted in Fig. 4.12. The goal of  the processing is to render the 
bulk of the’ORNL LW acceptable for final disposal as an LLWDDD Class I1 
waste. The approach to this development effort and to the major work 
elements to ensure its successful completion is discussed in Sect. 
5.4.2.1. 

5.4.2.1 Generic Research and Development Approach 

The organizational approach adopted to perform this process 
development task is shown schematically i n  Fig. 5.5. The direction of 
the work will be determined by the analysis and planning function, which 
provides the overall definition of  the R&D program via an ongoing systems 
analysis wherein the information from literature surveys, waste 
characterization, experimental data, and regulatory and institutional 
constraints are evaluated and balanced to produce the best approach for 
development of the process. Characterization of the waste slurry, which 
is extremely important to the process development effort, will be an 
ongoing effort during process development, as is discussed in 
Sect. 5.1 of this report. 

The generic approach to be taken will involve an iterative 
evaluation of processes at a progressively greater level of detail. 
Initially, a screening-level evaluation will be conducted in that a l l  
feasible processes for each step will be considered. The processing 
steps will be configured into potential flow sheets, which will then be 

. 
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evaluated to determine those that have potential for meeting the set of 
unique constraints. 
each of the processes will also be produced during this initial 
evaluation. The next step will be to obtain the needed data by 
conducting key experiments. It is envisioned that, at this point, the 
level of process knowledge will be sufficient to select one flow sheet. 
The level of flow-sheet detail would be such that the unit operations 
would be known but the type of equipment and mode of operation would not. 

Information regarding needed data with respect to 

After selection of the best flow sheet, an intensive effort will be 
made through a combination of laboratory evaluations and engineering 
analysis to select the equipment and operating conditions that appear 
best for the unit operations. This phase will involve parametric testing 
of each of the process steps, utilizing both simulated and actual waste. 
A major emphasis during this phase will be placed on a fundamental 
understanding of the process mechanisms, which is crucial for process 
analysis. The costs associated with large-scale testing of treatment 
processes are prohibitive because most of the work would have to be done 
remotely in containment facilities designed to handle high levels of 
beta-gamma and alpha activity. 
understanding of process fundamentals, processes tested in the laboratory 
can successfully be scaled to plant scale. 

It is unlikely that, without a firm 

The final development task, and the one that will produce the design- 
basis information for the plant, will be a pilot demonstration of the 
flow sheet;. 
box containment. 
of operation would be as small as possible, while retaining the 
capability to generate the data necessary to design the actual processing 
plant and demonstrate process feasibility. 

This demonstration will be conducted in hot cell or glove 
Because operations of this type are costly, the scale 

5.4.2.2 Specific Approach 

One of the key steps of the process illustrated in Fig. 4.12 is the 
box labeled "prepare for disposal." This step appears in two parts of 
the flow sheet. One part is the solidification step for decontaminated 
supernate, and the other part is for solidification of  the bulk of the 
radioactive materials. From a chemical processing standpoint, both of 
these solidification steps may be similar. 
the direct solidification of a l l  solids contained in the LW slurry now 
stored in the MVSTs. Since the latter method has been proposed 
previously in this report for use in the WHPP, specific R&D to cover this 
step will be initiated immediately, as described in Sect. 5.3.2,  to 
provide the necessary input to the WHPP Conceptual Design Report. This 
R&D will also provide the basic data required for the solidification 
steps shown in Fig .  4.12. 

Moreover, they are similar to 

In previous R&D studies, initial data have been obtained for the 
liquid/solid separation s t ep  shown in Fig. 4.12. While. not complete, 
the data have shown that, if this process step is carried out 
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efficiently, the supernate will not be TRU waste. Further studies will 
be needed to define pretreatment: steps (such as addition of coagulants) 
and the appropriate equipment. However, this work can be postponed until 
feasibility o f  the supernate decontaminati-on has been established. 

Supernate decontamination is the process step for which the least is 
currently known and for which R&D is not already planned (such as for the 
"prepare for disposal" solidification steps). R&D on supernate 
decontamination is crucial in determining whether the bulk of the waste 
liquid can be converted to LLWDDD Class I1 SLLW. Thus, R&D in this area 
should be started as soon as possible to determine the extent of 
decontamination possible and the best method for its accomplishment. 

Several. methods of decontamination should be examined. These include 
ion exchange, precipitation, solvent extraction, and biological sorption 
processes. 
the available processes must be evaluated according to (1) the volume of 
waste material generated, (2) the complexity of the process and 
equipment, and ( 3 )  applicability to remote operation and maintenance. 

In addition to determining the attainable decontamination, 

5.4.2.3 Schedule 

The proposed schedule for the development program is outlined in 
Table 5 . 4 .  During Fy 1988, the major emphasis will be on process 
screening. A detail-ed program pl.an will be developed to guide the 
process development efforts that will be required, and the resulting 
detailed program plan w i l l  be updated to maintain an up-to-date detailed 
plan. This planning will be done in conjunction with a systems analysis 
effort for the existimg L!d system. Bench-scale testing will be done, as 
required, to support these planning exercises. A s  discussed in 
Sect. 5.2.1, a testing program will be conducted in support of the 
in-tank evaporation program to be carried out in the MVSTs. This effort 
will be made in FY 1988. 

Pilot-scale work has been initiated on a reference EASC flow sheet as 
discussed in Sect. 5 . 2 . 2 .  The reference flow sheet was selected after 
literature review and a preliminary "paper" process evaluation. Cross-  
flow filtration work has been completed, and additional pilot-scale 
testing of  the reference flow sheet has been suspended pending completion 
of alternative flow sheet analysis and efforts to fill "data gaps.'t This 
pilot-scale test facility will be held in standby until the planning and 
analysis efforts indicate what should be done next with respect to long- 
term LW processing. The W?P will require a direct solidification 
process to prepare the existing RH-TRU sludges f o r  shipment to WIPP. 
Time is allotted for following the ongoing cold experimental program and 
for setting up a program f o r  solidifying actual hot wastes at OWL. This 
work is discussed in detail in Sect. 5 . 3 . 2 .  
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T a b l e  5.4. Proposed schedule for LW research and process development 

F i s c a l  vear 
Task 1988 1989 1990 1991 

LW process development, X 
program planning, and 
initial process 
screening 

Bench-scale testing X 

X Characterization - 
Pilot-scale evaluation X 
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-.,L es t imate  f o r  performing the  previously descr ibed process  
uevelopment work i s  presented i n  Table 5 . 5 .  The pro jec ted  c o s t s  a r e  
es t imates  and, as such, a r e  t o  be used f o r  i n i t i a l  program guidance 
only.  Much b e t t e r  cos t  estimates w i l l  be ava i l ab le  a t  the  end o f  
FY 1988 when the process development program planni-ng exe rc i se  i s  
complete. These c o s t s  do not include allowances f o r  major equipment 
items o r  f o r  t h e  development work r e l a t e d  t o  s o l i d i f i c a t i o n  t h a t  i s  
proposed i n  Sec t .  5 . 3 . 2 .  
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Table 5.5. Cost estimate for LW process development 

Funding requirements 
($1000) 

Planning and analysis 50 110 120 120 

Bench-scale testing 40 300 400 110 

Pilot-scale evaluation 

Analytical support 

Cross-flow filtration 

Flow sheet evaluation 
and feasibility study 
(process engineering) 

Solidification development 
and demonstration 

100 

20 

150 575 200 

100 150 7 5  

40 300 500 

300 1800 3000 

System analysis 4 40 40 2 
Total 250 1040 3385 4045 



This section compiles and summarizes the estimated costs for 
implementing the activities outlined in Sect. 5. The estimated costs are 
compared with the existing baseline budget based on current DOE budget 
guidance, and additional. funding requirements necessary for 
implementation of this program plan are i-dentified. 
additional funding may not be forthcoming, the implementation plan was 
reduced in scope and/or delayed to develop a spending plan which matches 
the baseline budget. 
match the baseline budget is discussed briefly. 

Assuming that 

The impact of delaying, activities in the program to 

All costs identified in Sect. 5 are compiled in Tables 6 . 1 ,  6 . 2 ,  
and 6 .3 .  Table 6.1 summarizes expense funding requirements, and 
Table 6.2 presents the associated capital equipment requirements. 
Additional expense funding required t o  define and manage capital 
projects is summarized in Table 6 . 3 .  Also presented in Table 6 . 3  are 
rough estimates of capital projects that are needed to modify the LW 
system. Costs in Table 6 . 3  are presented separately because these 
capital projects will be coordinated through the Capital Projects Program 
(DPGF107 and/or ERKG002), while activities listed in Tables 6.1 znd 6.2  
will be coordinated by the ORNL LLLW Solidi.fication Task (DPGF106). 

The expense funding requirements f o r  the LLLW Solidifi.cation Task 
are summarized in Table 6 . 4 .  In developing the budget presented in 
Tab1.e 6 . 4 ,  every effort was made to defer significant cost items that 
would not delay the progression of the program. For example, significant 
new R&D initiatives are deferred to FY 1989, with only experimental plans 
and apparatus assembly being effected in FY 1988. 

In  spite of these efforts to defer major expenditures, additlional 
fundimg is needed as is indicated by the unidentified funding line in 
Table 6 . 4 .  Associated additional capital equipment needs are summarized 
in Table 6.2. All LW system modifications listed in Table 6 . 3  are newly 
identified activities and are consequently unfunded. All additional 
funding needs are summarized in Table 6 .5 .  

To actively progress with the program, the previously identified 
funds are required, but assuming no additional funding, a spending plan 
was devel-oped to match the budget baseline. This spending plan is 
presented in Tables 6.6  and 6.7 and essentially delays long-term R&D 
activities for approximately 1 year. Under this plan, the only R&D 
activities conducted in FY 1988 are filtration testing and in-tank 
evaporation experiments. 
experiments and the assembling of experimental apparatus would be 
delayed until FY 1989. 
implementation of the LW system modifications is unclear because 
these projects would he prioritized and would compete ~7ith existing 
projects f o r  funding. It is likely that a 1- to 2-year delay would 
result in the project funding and thereby delay the associated LW volume 

The detailed planning of long-term R&D 

The effect of no additional funding on the 

98 
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Table 6.1. Expense funding requirements f o r  program implementation 

Funding requirements 
($1000) -- 

FY 1988 FY 1989 FY 1990 FY 1991 

Program planning (All) 

Program coordination and 
st rategy development 

Characterization (Sect. 5.1) 

Prepare sampling plan 

Sample acquisition and 
analysis 

In-tank evaporation (Sect. 5.2.1.) 

Obtain approval and 
coordinate effort 

Purchase equipment 
and install (Phases 1-3) 

Experimental testing 

Implement enhanced 
evaporation (Phases 4 - 5 )  

85 110 120 120 

30 

450 200 100 

60 40 30 

90 20 

150 60 

50 80 20 

Emergency Avoidance Solidif-cation Campa-gn 

Implementation of EASC and 1705 
contingency planning 

Sect. 5.2.2 

500 

I 
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Table 6.2. Capi t a l  equipment funding requirements for 
program i.mplementati.on 

Cap i t a l  equipment i t e m  

Cost estimates 

FY 1988 FY 1989 FY 1990 
_. ( $10 O O L  

Diesel genera tor  (Sec t .  5 . 2 . 2 )  150 
Stack monitor (Sec t .  5 . 2 . 2 )  60 

Liner  handl ing  equipment (Sec t .  5 .2 .2 )  40 
Kadiaci on  instruments  ( S e c t .  5 . 2 . 2 )  30 
Microwave system (Sec t .  5 . 3 )  198 
Tanker ( r ad ioac t ive  l i q u i d )  (Sec t .  5 . 2 . 1 )  
Sludge removal equipment (Sec t .  5 .3 )  
Wet-chemistry equipment with glove box ( S e c t .  5 . l )  
Anion chromatograph (Sec t .  5 . 1 )  
Decontamination system (Sec t .  5 . 4 . 2 )  
F i l t r a t i o n  system (Sec t .  5 . 2 )  
Unob 1 i g a  ted f urids 

Nonin ter rupt ib le  power supply (Sec t .  5 .2 .2 )  49 

100 
380 

90 
40 

300 
300 
280 

__ __. - 
T o t a l  527 480 1010 

Budget base l ine  
Unidentified funding 

259 -I- 268 -- 1010 
268 212 0 
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Table 6.3. Capital projects and capital projects management for newly 
identified liquid waste system modifications 

Capi t a l  p r o j e c t  management 
Expense funding requirements 

FY 1988 FY 1989 FY 1990 FY 1991 
(S1000) 

LW System Modif icat ion (Sec t .  5 .4 .1 )  

Bui lding 3517, F i s s i o n  Products Laboratory 

Sample and develop 

Prepare pre l iminary  proposal  
Cap i t a l  p r o j e c t s  management 

pretreatment scheme 

High Flux Iso tope  Reactor 

Charac t e r i za t ion  
Vendor eva lua t ion  
Waste - E om t e s t i n g  
Prepare pre l iminary  proposal 
Cap i t a l  p r o j e c t s  management 

25 50 

30 
25 30 25 

25 
50 
150 

30 
50 50 

55 3 30 60 75 

Pro i ec t Title 
Funding Estimated cost 
year 1$1000) 

Enhanced Evaporation MVST 1989 300 - 500 

FPDL Pretreatment  System (Building 3517) 1389 500-750 

HFIR Regenerate System Modif icat ion 1990 500-750 
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Table 6 . 4 .  LT..J..W Solidif ication Task expense funding 
summary and budget baseline 

Activity 
Expense funding requirements 

ET 1988 FY 1 9 8 9  FY 1 9 9 0  FY 1991 
($1000) -̂ I_ 

Program planning 8 5  110 120 120 

Character i.za t ion 30 4 5 0  200 100 

In-tank evaporation 280 200 50 

EASC 1705 500 

W P P  process support 120 6 7 5  1205 40 5 

R&D support process selection 250 1040 3385 4 0 4 5  

T o t a l  2470 2 9 7 5  4960 4 6 7 0  
- - 

Budget baseline 2200 2500 4 5 0 0  
Unidentified fundi.ng 270 4 7 5  4 6 0  

Table 6.5. Summary o f  additional funding needs 

Pro  gram 
Additional funding required 

FY 1988 FY 1989 FY 1990 
II__- L $ l O O O )  

LW Solidification 
Expense 
Capital equipment 

C a p i t a l  Projects 
Expense 
Capital projects 

270 275 460 
268 212  

5 5  330 6 0  
8 0 0 - 1 2 5 0  500-750 
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Table 6 . 6 .  Expense funding summary adjusted to meet funding baseline 

Activity 
Expense funding requirements 

($1000, 
FY 1988 FY 1989 FY 1990 PI 1991 

Program planning 85 110 120 120 

Characterization 

In-tank evaporation 

350 340 100 

250 200 50  

EAS C 1.705 500 

WHPP process support 40 530 1005 229 

R&D support process selection 120 810 2985 4845 

Total 2200 2500 4500 4490 

Table 6.7. Capital equipment funding adjusted to meet funding baseline 

Cos t  estimates 
I tem ($1000) 

FY 1988 FY 1989 FY 1990 

Diesel generator 
Stack monitor 
Noninterruptible power supply 
Liner handling equipment 
Radiation instruments 
Microwave system 
Tanker (radioactive liquid) 
Sludge removal equipment 
Wet-chemistry equipment with glove box 
Anion chromatograph 
Decontamination system 
Filtration system 

150 
60 
4 9  

40 
30 

198 
100 
380 

90 
40 

200 
200 

- _I 

Total 259 268 1010 
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redueti-on f o r  t h a t  same period.  More d e t a i l s  o f  the ac t iv ie ies  t o  be 
conducted f o r  the ind ica t ed  funding and program milestones w i l l  be 
presented .in Sec t .  9 .  

I t  is  e s s e n t i a l  t h a t  funding be provided t o  develop long-term 
s o l u t i o n s  t o  3ur LW problems and t o  a l l o w  us to progress from our 
p re sen t  r e a c t i v e  mode t o  methodical implementation of a w e l l - s t r u c t u r e d ,  
long-  term s o l u t i o n .  



7 .  REQUIRED PERMITS AND REGULATORY CONCERNS 

Required permits and regulatory concerns that may impact the 
implementation of  activities outlined in Sects. 4 and 5 of this plan 
will be discussed. briefly in the following sections. The discussion 
provided here is not intended to constitute a comprehensive review of  
all regulatory requirements at ORNL; rather, it is simply meant to 
identify those requirements which have the greatest potential f o r  
impacting completion of the planned activities. 
discussion of  required permits and regulatory concerns at OWL is 
presented in the ORNL Environmental and Waste Management Long-Range 

A more complete 

P l a n .  8 

7.1 CHARBCTERPZIITION OF ACTIVE AND INACTIVE T U S  

A s  outlined in Sects. 4.1.1 and 4.1.2 of  this plan, additional 
characterization of the contents of the active and inactive tanks is 
required t o  allow appropriate processing steps to be provided to convert 
wastes to a form acceptable for final disposal. The sampling efforts f o r  
these tanks will involve handling radioactive liquids; therefore, systems 
for containment and shielding will be provided in accordance with 
standard QmL health physics practices. 8ecause significant radiation 
fields are associated with many of the samples, the sampling procedure 
will be prepared to improve the logistics of activities to minimize 
personnel exposure per as low as reasonably achievabl-e ( A I S & )  
requirements. 

Environmental assessments, such as an Action Description 
Memorandum ( A M )  and/or an Activities Description Memorandum, will be 
prepared arid approved prior to conducting sampling activities. These 
documen.ts will review the environmental impact o f  planned activities and 
will identify actions required for reducing the potential for releases to 
the environment. Sarnp1.ing protocol and analytical procedures must be 
careful-ly scrutinized to ensure that data will be acceptable to the 
Environme,ntal Protection Agency (EPA) and the Tennessee Department of 
Health and Environment (TDHE) . Standard EPA procedures will be used 
where poss ib l .e ,  b~ut deviatlon from standard procedures will be necessary 
due to the radiation fields associated with the samples arid the 
nonstandard characteristics o f  these concentrated salt solutions, 
Significant deviation from EPA procedures will be discussed with EPA and 
TUHE to eTisure that data will be useful in future negotiations concerning 
the regulatory status of the tanks and permitting requi-rements for 
treatment: €a.cilities. 

105 
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7.2 NEAR-TERM OPTIONS FOR INCREASING AVA1LhBL.E TANK 
STORAGE VOLIJHE 

7 2 - 1. In-Tank Evaporati on 

A phased implementation o f  i n - t a n k  evaporat ion i s  proposed i n  
Sec t s .  4 . 2 . 1  and 5 . 2 . 1 .  

An ADM w i l l  be prepared f o r  Phases 3 ,  4 ,  and 5 of the implementation. 
Phases 1 and 7. w i l l  be conducted concurrent ly  w i ~ h  the  ADM p r e p a r a t i o n ,  
bu t  Phases 3 ,  4 ,  and 5 w i l l  not become ope ra t iona l  u n t i l  t he  ADM has  been 
approved. 

Phases I, 2 ,  and 3 o f  the in - t ank  evaporat ion e f f o r t  only provide 
equipment to allow s e v e r a l  tanks t o  be sparged a t  t h e i r  o r i g i n a l  design 
cond i t ions ;  t h e r e f o r e ,  operati-on under these  phases i s  c o n s i s t e n t  with 
e x i s t i n g  s a f e t y  documentation [Operat. ional S a f e t y  Report (OSR) and the  
F i h a l  Safety Analysis Report ( F S A R ) ] .  Implementation o f  Phases 4 and 5 ,  
however ~ int roduces s i g n i f i c a n t  operational. changes t h a t  w i l l  r e q u i r e  
review by the ORNL Off ice  o f  Operational S a f e t y ,  I f  necessary,  an 
add i t iona l  s a f e t y  assessment w i l l  be prepared t o  eval.uate t h e  p o t e n t i a l  
f o r  e l eva ted  safet:y r i s k s  a s soc ia t ed  with operat ions during Phases 4 
and 5 .  

7.2.2 Emergency Avoidance So l i . d i f i ca t ion  Campaign 

The EASC i s  now i n  the cons t ruc t ion  phase,  and remaining r egu la to ry  
u n c e r t a i n t i e s  a r e  being addressed. There a r e  s c v e r a l  chal lenges t o  
r e so lv ing  these  u n c e r t a i n t i e s  and completing the ope ra t iona l  s t a g e  of t he  
p r o j e c t .  Only a summary o f  the cu r ren t  s t a t u s  o f  r egu la to ry  concerns 
w i J l  be presented i n  t h i s  s e c t i o n .  

An ADM has  been prepared and approved f o r  the p r o j e c t .  I t  w a s  
s t a t e d  i n  the ADM that- the f a c i l i t y  woul-d r equ i r e  pe rmi t t i ng  under KCKA, 
e i t h e r  via  permit-by-rule  (PBR)  o r  P a r t  I3 pe rmi t t i ng .  PHR i s  c u r r e n t l y  
being pursued, and a PBR a p p l i c a t i o n  has been submitted t o  t h e  TDHE. 

I f  a PBR f o r  the EASG i s  allowed, i t  w i l l  c o n s t i t u t e  an addendum t o  
t he  r x i s t i n g  PBR f o r  the O K N L  L[,I,W c o l l e c t i o n  and t reatment  system. The 
OWL LW systerii i s  considered a wastewater t reatment  u n i t ,  and because the  
e f f l u e n t  from t h a t  system’s LW evaporator i s  t r e a t e d  by another  permit ted 
t reatment  u n i t  ( t h e  evaporator e f f l u e n t  i s  t r e a t e d  a t  the NPDES-permitted 
OWL PWTP), the s o l i d i f i c a t i o n  of the LW i n  t he  MVST t anks ,  which i s  
another  product o f  the LI.7 evaporator ,  may also be e l i g i b l e  f o r  PBK. 

If the  EPA w i l l  not allow the PBR, then a P a r t  A permit r e v i s i o n  
w i l l  be submitted t o  p l a c e  t he  NVST and s o l i d i f i c a t i o n  f a c i l i t i e s  under 
in t e r im  status. This would aJ.1.o~ f o r  s t a r t u p  ( o r  con t jnua t ion )  o f  



opera t ions  while P a r t  B i s  being prepared. The P a r t  B permit  
a p p l i c a t i o n  would have to be submitted w i t h i n  6 months o f  the P a r t  A 
r e v i s i o n .  

Sa fe ty  document:ation f o r  t he  p r o j e c t  w a s  planned w e l l  i n  advance, 
and the FSAR i s  now i n  a prel iminary d r a f t  s t a g e .  The OSR, which def ined 
l i m i t s  of operati-ons c o n s i s t e n t  with t h e  FSAR, i s  being d r a f t e d .  Both 
documents w i l l  r e q u i r e  thorough review and approval by the  ORNT, Of f i ce  of 
Operat ional  Sa fe ty .  

F i n a l  disposal. of the waste forms produced by the  EASC opera t ion  i s  
current1.y t h e  s u b j e c t  of  i n t e n s e  nego t i a t ions  with t h e  TDHE. Regulatory 
concerns have been expressed, with the  i n i t i a l  p l a n  t o  dispose o f  t h e  
w a s t e  forms i n  g r e a t e r  confinement d i sposa l  u n i t s  a t  t h e  OWL S o l i d  Waste 
Storage Area 6 (SWSA-6). I n  response t o  these concerns,  an a l t e r n a t i v e  
eva lua t ion  f o r  d i sposa l  of  the waste forms is  being d r a f t e d .  The 
al t e r n a t  ive eva lua t ion ,  en t i t 1. ed I' Eme rgency Avoidance So 1 i d i  f ica t ion  
Campaign Waste Management Al t e rnn t ives  Evaluat ion,  " wi.1.3. be i s sued  p r i o r  
t o  the f i n a l  issuance of t h i s  r e p o r t .  The eva lua t ion  consi.tlers t h e  
fol lowing seven w a s t e  management a l t e r n a t i v e s  : 

1. temporary s to ragc  of t he  waste on t h e  SSJSA-6 turr;ulus; 
2 .  s t o r a g e  i n  new O K  e x i s t i n g  f a c i l i t i e s  a t  OWL; 
3 .  s t o r a g e  a t  Oak Ridge Gaseous Diffusion P l a n t  (ORGDP) 

f a c i l i t i e s ;  
4 .  use of  SWSAIS, t y p e  1 s i l o s  f o r  d i s p o s a l / l o n g - t e r n  s t o r a g e ;  
5 .  shipment o f f - s i t - e ;  
6 .  d i sposa l  i n  SWSA-G i n  conforwince with LLWDDD C l a s s  11 

7 .  delay OC EASZ. 
l i m i t s ;  and 

The d i scuss ion  of t he  d e t a i l s  of: t hese  a l t e r r i a t i v e s  i s  o u t s i d e  thie scope 
of t h i s  r e p o r t .  

A s  discussed i n  S e c t .  h , 3 ,  the  bulk oE the e x i s t i n g  LW inventory 
w i l l  lie processed by the  WHPP and shipped t o  the WIPP f o r  f i n a l  
disp0s.d.. 

The WHPP w i l l  r e q u i r e  an EA,  which i s  being planned e a r l y  i n  the  
p r o j e c t .  The EA w i l l  address  the environmental issues i n  enough d e t a i l  
so t h a t  expansion into an EXS, i f  r equ i r ed ,  could be accomplished without 
d e l a y i ~ i g  t h e  p ro j  ec  t.. 

It has be.en assumed t h a t  t he  WHPP w i l l  be permit ted under RCEM. A 
P a r t  R permit i s  planned e a r l y  i n  the pro jec t  t o  allow time f o r  t h e  RGRA 
pe rmi t t i ng  procedure t o  be completed p r i o r  to t h e  s t a r t u p  of t he  
f a c i l i t y .  
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A facility as extensive as the bHPP will require the preparation oE a 
Preliminary Safety Assessment Report, an FSAR, and an OSK to ensure that 
all pot:ential s a f e t y  risks have been evaluated and found acceptable. 
These documents are p l  arined for preparation at the appropriate time in 
the project development, 

The environmental concertts associated with transporting waste from 
the WHPP to the WIPP have bccn addressed by the EIS for the WIPP 
facility. The shipment of  waste to WIPP is an essential link in the 
final disposal plan and will be nionitored carefully by ORNL. TRU-Waste 
Program personnel. 

There is some uncertainty about the R C k 4  permitting s t a t u s  of  the 
WIYP Lacility Obviously, WIPP permitting is not the responsibility of 
OWL,  but the permitting process will be followed to ensure that it will 
not impact WIPP's availability to accept waste from OKNL f o r  final 
disposal on the schedule that is needed. 

The activities outlined in Sect. 4 . 4 . 1  are generally modifications to 
exi.stit1.g Lacilities. It is likely that each would require the 
preparation of  an ADM, but more extensive environmental assessment 
documents would n o t  be required. 

Several of the modifications affect facilities having approved FSARs 
and O S R s .  The details o f  the proposed modificati.on will be reviewed w i . t h  
respect: 'io the exisEing safety documentation, and revision of these 
documents may be required. Modifications to nuclear reactors ( H F I R ,  ORR,  
and RSR) will be revi-ewed with extreme care t o  ensure that existing 
systems are not being impacted by the waste system modification. In  a l l  
cases, tihe modification will he reviewed by t ihe  ORNL Off ice  of  
Operational Safety. 

Activities proposed in other parts of Sect. 4 . 4  are in a very 
prelirniiiary srage o f  planning, and current information is not adequate? t o  
allow discussion o f  regulatory concerns. As the implementation schedule 
for these activities is defined, proposals for addressing regulatory 
concerns will be developed. 



8 .  RECO ATIONS 

The recommendations r e s u l t i n g  from t h i s  planning e f f o r t  are l i s t e d  
i n  t h i s  s e c t i o n .  Each recommendation is  a s s o c i a t e d  wi th  one of the  
t h r e e  e s t a b l i s h e d  goals of the o v e r a l l  s t r a t e g y  f o r  management of the  
r a d i o a c t i v e l y  contaninated LW and TKU sludges a t  ORNL. 
recommendations a r e  discussed i n  the paragraphs t h a t  follow, 

The 

Goal 1: Improve che near-tern and in te rmedia te - te rm operational 
f lex ibi l i ty  o f  the c u r r e n t  TAW system prior t o  removal of &e bulk of the 
RH-7237 wastes and a s s o c i a t e d  L U W  Erom the active LW system. 

Implement i n - t a n k  evaporation as soon as p o s s i b l e ,  i n c l u d h g  an 
aggressive R&D program f o r  providing information necessary  f o r  
implementation of t h i s  approach. 

Proceed with the f i r s t  EA4SC t o  r ega in  a s i g n i f i c a n t  i n i t i a l  
increment of  LLJ system ope ra t iona l  f l e x i b i l i t y .  

Ident. ify LLLW s o l i d i f i c a t i o n  demonstrations t h a t  can be 
implemented, as necessary,  p r i o r  t o  removal of RH-TRU w a s t e s  
from the a c t i v e  EW system, including the  R&D necessary f o r  
implementation of  these demonstrations.  

Complete work i n  progress  f a r  demonstration of the  s e p a r a t i o n  of 
LILW from RH-TRU s o l i d s  v i a  f i l t r a t i o n  using a c t u a l  wastes from 
the MVSTs. 

Goal 2: Remave the bulk of the current legacy of R31-TRU wastes and 
associalred TdLV from the active and inactive tanks to allow practrical. 
J.ong- tern management of L W  ~ 

1. 

2 .  

3 .  

4 . 

Adopt as the  primary w a s t e  management approach f o r  the  c u r r e n t  
i nven to r i e s  of  the  a c t i v e  and i n a c t i v e  LU tanks the  d i sposa l  of 
RH-TRU sludgcs and assoc ia t ed  L W  a t  WTPP. 

1xnpl.ement a contingency waste management approach tha-t  is n o t  
s u s c e p t i b l e  t o  potcnt i .a l  problems a s soc ia t ed  with the  p r e f e r r e d  
approach for f r e e i n g  s i -gni f icant  actzive L W  tank volume and 
pursue necessary R&D to provi.de a f a l l - b a c k  bas is  i n  case 
d i f f i c u l t i e s  are encountered with the primary approach. 

An t i c ipa t e  arid include removal of the  bulk of the  RH-TRU wastes 
and a s soc ia t ed  LLZW from the  a c t i v e  LV system i n  near -  and 
intermediate-  term :: t r a t e g i c  planning f o r  LW management i n  order  
t o  max irnize the benef i.ts r e a l i z e d .  

Expand the  scope o f  WHPP t o  include f a c i l i t i e s  €or removal of  
the  Rtl-TRIJ sludges ~ 
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Goal 3: Develop an ORPIL, w a s t x  management system for the future 
collection and trreafmene o f  LW and disposal of the bulk of th i s  waste as 
UWDIID Class II solid L T W ,  while minimizing the quantities of 
Rp4-TRU waste or LLWIDDD Class TV solid L L W  that  are also produced. 

1. Conduct a cont inuing systems a n a l y s i s  to guide s t r a t e g i c  
planning and operational. execution of  a l l  aspects of TAW 
management and d i s p o s a l .  

2 .  Pursue an aggrcssive R & 5  program f o r  development o f  processes 
f o r  t r e a t i n g  f u t u r e  newly generated X,W t o  produce a waste form 
t h a t  will a l l o w  d i sposa l  of  t he  bulk of  t he  waste as LLWDDD 
Class 11 waste. Address i n  the  program o the r  w a s t e  t y p e s  t h a t  
may be produced i n  smaller q u a n t i t i e s  by the processing o f  
newly generated LW (TKU w a s t e  and LLWD55 Class I V  was te ) .  



The purpose of this section is to describe the plan for 
implementing the strategy outlined in the earlier sections of this 
report. This section provides a brief review of the objectives and 
background presented earlier in Sects. 2, 3 ,  and 4 .  To faci1.itat:e 
implementation, the work to be accomplished is subdivided into six 
subtasks, each of which is described in the following subsections. Five 
of these subtasks, (1) Program Planning, Strategy Development, and Waste 
Characterization, (2) Emergency Avoidance Solidification Campaign and 
Contingency Planning, ( 3 )  In-Tank Evaporation, ( 4 )  Waste Handling Pilot 
Plant Support, and (5) Research and Development Support for Long-Term 
Process Selection, will be funded and managed under the Liquid Low-Level 
Solidification Task (DPCF106) at ORNL. The sixth and final subtask, 
Capital Project Management for LW System Modifications, will be funded. 
and managed under the Capital Projects Program. Also included in this 
section is the milestone schedule f o r  the activities to be implemented. 

EGTIVES AND BAeKC; 

The overall. objective of this program plan is management of the OWL 
LW Solidification Program, including near-term initiatives for 
immobilization, storage, and disposal of waste, as well a3 the 
development of a long-term strategy for processing and disposal of the 
existing baste inventory and the newly generated 1.M. 
objective, two major areas are emphasized: (1) near-term planning and 
R&D support for reducing the volume of stored waste; and (2) long-term 
planning, project management, and technical support f o r  eliminating the 
inventory of waste and providing facil i.t:ies for processing newly 
generated waste for on-site disposal. This task will be completed when 
facilities are in operation f o r  processing the stored inventory waste 
and the newly generated waste, allowing the bulk of the waste to be 
disposed of on-site and the reminder to be packaged for shipment to an 
off-site disposal unit. 

To accomplish this 

LW is generated by a number of activities at ORNL. The primary 
generators are R&D laboratories, radiochemical pilot plants, nuclear 
reactors, and isotope-production facilities, The LW is collected, 
transferred, and concentrated by the QRNL LW collection and transfer 
system, which also contains an evaporator facility. Treatment. ol: 
process wastewater at the PWTP also produces an LW concentrate. 
the PWTP concentrate and the concentrate produced by the evaporaror were 
disposed of prior to 1984 by the hydrofracture process; and since that 
time, they have been stored in the eleven 50,0019-gal storage tanks 
located at O W L .  Because the LW concentrate can no longer be disposed 
of via the hydrofracture process, it is steadily filling the working 
volume of the active storage tanks. T h e  seored inventory o f  concentrate 
has now reached a level that has reduced the operational flexibility of  

Both 
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the OKNL LW syst:em. Projecti.oxi of the current generation rate into the 
future indicates total depletion of the active storage capacity in the 
fourth quarter o f  FY 7.989. 

T f  tiirnely actions are not taken to increase the available storage 
volume in the LW tanks, tho following consequences will. either occur or 
are highly likely to occur: 

Q Shutdown of  crltical and unique Laboratory R&D facilities 
and isotope-production capabilities that generate LLLW. 

m Loss o f  ORNL dominance in affected R&D areas. 

I n  the event of an unplanned incident which might produce IargPc 
quantities of TJdM, use of T M  storage tanks of lesser integrity 
than those currently used or increased di-scharge of  radioactivity 
to surface streams (both of  these zci;ions are highly unacceptable). 

e Violation of  environmental regulations. 

A major initlative to implement- TAW disposal techniques Po replace 
disposal by hydrofracture was begun in FY 1986, In October 1986, ORNL 
and the DOE/ORO management selectrd both a "reference" and a "backup" 
flow sheet for processing the accumulating LW in the nearly f u l l  storage 
tanks. The reference f l o w  sheet- is a three-step process consisting o f  
filtration and decontamination followed by a suitable immobilization 
process. Filtration would provide a positive means o f  ensuring that  i f  
any TRU sludges were present, t hcy  would be removed, while 
decontamination would remove most of the soluble cesium ,find strontium. 
The r e s \ i l t i ng  CI1 w a s t e  would Imve been immobilized by a commercial firm 
using mobile systems. 

When the reference flow sheet was selecled, it w a s  recognized that 
sys tern constraints, namely fubidirlg and technology applications work, 
could yield a situation whereby the reference flow sheet could riot be 
deployed soon enough. Accordingly, it. was necessary to define a backup 
f l o w  sheet which is based on decanting liqujd from the tanks and 
immobilizing the high-activity liquid in cement without the benefit o f  
filtration or supernate decontamjnation to reduce khe activity of the 
wasre being so3 idified. 

The EASC is a project that w i l l  utilize the backup flow sheer. for 
the immobilization of 50,000 gai of waste from the MVST. The  project 
elements for the EASC include (1) the services of  a comrrerci.al 
subcontractor to immobilize the decanted liquid in a cement-based 
mat:ri.x; (2) faci.J.i.ties f o r  decanting and transferring the liquid to the 
vendor's system, a structure for containment o f  the vendor's system 
during liquid processing, and disposal units for the forrins; arid 
( 3 )  supporting documenta'cion f o r  regulatory, environmental, quality, 
safety, and operational aspects .  
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Construction of the needed capital facilities via two GPPs was 
initiated at the MVST facility to support the EASC-LLLW Solidification 
Facilities (IT 1986 Waste Management GPP) ar4 the MVST Decant System 
(FY 1987 Waste Management GPP). 
capital facilities were completed in April 1988. 

Constructf. B and checkout of the 

To complement the EASC activities and provide focus for long-term 
LLID management, an overall strategy and program planning effort was 
initiated in November 1987. 
in the earlier sections of this program plan. 
the foundation for continued implementation of this planning effort. 
The key elements of the long-term strategy are as follows: (1) reduce 
the present waste inventory to regain operational flexibility by 
implementing EASC and in-tank evaporation, (2) coprocess the bulk of the 
LW inventory with the TZH-TRU sludges in the proposed WHPP and dispose of 
the final KH-TRU waste form at the WIPP, and (3) develop a process for 
long-term LW treatment that will produce a waste form acceptable for 
on-site disposal. To implement t h i s  program strategy, several new 
initiatives should have begun in FY 1988 and FY 1989 but, due to the 
present inadequate FY 1988 and F'K 1989 funding, have been delayed at the 
expense of the long-term goals of the program. 

Documentation of  the efforts was presented 
The plan also provides 

Although the summary program plan is being included i n  this 
strategic planning document, in the future a more-detailed program plan 
will be developed and updated, as necessary, to reflect results from 
ongoing work and newly recognized needs. 

9.2 DESCRIPTION OF WORK 

To ensure achievement of the objectives defined in Sect. 9.1 for 
both the near term and the long term, this task has been divided into 
six subtaslcs: (1) Program Planning, Strategy Development, and Waste 
Characterization; (2) EASC and Contingency Planning; (3) In-Tank 
Evaporation; ( 4 )  Waste Handling and Packaging Plant Support; (5) R&D 
Support for Long-Term Process Selection; and ( 6 )  Capital Projects 
Management: for LW System Modifications. Each of these subtasks w i l l  be 
described in the remainder of this section. 

9.2.1 Subtask 1. Program Plannhg, Strategy Development, 
and Waste Characterization 

This subtask will provide overall coordination of the other 
subtasks, continue to develop the program strategy, and characterize 
both the dilute LW feed streams and the LW concentrate (existing and 
newly generated). The task coordination effort will include the 
overview of all program activities, budget control, schedule tracking, 
and reporting. The strategy development effort will continue to build 
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on the overall program plan that i s  now being finalized. The 
established strategy has thrcc key elements: (1) reduction of waste 
inventory to regain operational flexibility by implementation of  EASC 
and in-tank evaporation, (2) proccsskng of the bulk of the present 
invtrnt.ory at the proposed WHPP and disposal at: the WIPP, axid 
( 3 )  development o f  A process €or long-term LW treatment which w i l l  all.ow 
the final waste form to be disposed o f  on  the ORK. 

Subtasks 2 and 3 support the first key element of the strategy to 
reduce the present inventory of waste. The FASC, which i s  to be 
conducted under Subrask 2, will provide all facilities and documentation 
to allow operations to proceed to immobilize 50,000 gal of LLLW. The 
solidification of  50,000 gal of waste will provide a short-term 
improvement in the inventory storage shortage, but continued volume 
reduction is needed. A significant potential for continued concentration 
o f  the stored LW concentrate has recently been identified. In- tank 
evaporation (Subtask 3 )  will capitalize on that potenrial and remove 
water from the wastc storage tanks by sparging with dry air. The 
in-tank evaporation process has the potential to remove -150,000 gal 
o f  water from the stored LW waste prior to 1996 and to provide needed 
storage for newly generated waste during that period. 

Subtask 4 supports the second key element o f  the strategy to process 
the bulk of  the present inventory at the WHPP and dispose of the final 
waste form at the WIPP. The sludges in the MVST have been classified as 
RH-TRU waste for some time, but: it has been further determined by 
calculations that if the water was removed from all of the stored waste, 
the resulting solid form would he RH-TRU waste. The present strategy, 
therefore, is to slurry the RM-TKIJ sludge with the supernate in the 
tanks and dispose of  the existing inventory o f  waste as M - T R U  waste at 
the WIPP following solidification at the WHPP. The solidiCicaeion 
process and the sludge mobilization process to allow coprocessing of  LW 
supernate and RH-TKU sludges at WdPP will be developed and demonstrated 
under Subtask 4 .  

Subtask 5 suppor ts  the third key element of the strategy to develop 
a process for long-term LW treatment that will allow the final waste 
form to be disposcd o f  on-site. The USP of off-site disposal units 
( W P P )  involves many uncertainties over w h i c h  OlwL has no control. 
It is, therefore, ONNk’s goal  to segregate waste at the source and 
provide treatment, as needed, to produce waste forms that are acceptable 
for on-site disposal. In support o f  this goal, a system analysis will 
be continued to minimize waste constituents (TRU, nitrates I and others) 
that complicate production o f  acceptable waste forms. In addition, 
waste treatment processes (Piquid/solid separation, concentration, and 
solidification) will be developed to allow waste to be treated and 
immobilized for disposal on tlic ORR. 

A l l .  the previously discussed aspects of the program strategy will be 
coordinated under this subtask. Also included is the very important 
aspect of interfacing with other OWL programs to ensure that the 
overa11 strategy is being applied to future activities. 
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Finally, this subtask will plan and conduct waste characterization. 
Complete understanding of the waste to be managed is essential to the 
success of this program. Sample planning will begin with a survey to 
determine existing data needs for the WHPP de-lgn and the process 
selection R&D. The sampling plan will be based on the lessons learned 
from sampling for the EASC and the inactive tanks. 
liquid phase (supernate) and the sludge phase will be withdrawn from 
each waste tank. The samples will be analyzed to determine the 
concentrations of radionuclides (alpha, beta, gamma, and neutron 
emitters) and chemical constituents (cation, anions, and organic 
screening). 

Portions of both the 

Sampling and analysis of the MVSTs will begin in ET 1989 and 
continue into FY 1990 because the present funding level for FY 1989 is 
not adequate to complete the effort. The delay of the sampling effort 
until Ey 1990 will allow uncertainties about waste characteristics to 
persist and may impact R&D and design activities. Sampling in FY 1991 
and future fiscal years will be conducted to monitor the LW system for 
changes in the. waste stream characteristics with time. 

9.2.2. Subtask 2. Emergency Avoidance Solidification Campaign 
and Contingency Planning 

This subtask is to provide management and engineering support for 
EXSC and cgntingency planning. An extensive effort is needed in FY 1988 
to complete the EASC; however, beginning in FY 1989, the major thrust of 
the subtask w i l l  be contingency planning. 

The EASC will serve to immobilize 50,000 gal of  LW, which involves 
five major groupings of tasks: (1) solidification contract with a 
qualified commercial firm; (2) regulatory interfaces with DOE, TDHE, and 
EPA for construction of support facilities and f o r  operation of the 
process; ( 3 )  facility construction of a decanting system, solidification 
confinement structure to house the vendor-supplied system, and cask for 
emplacement of the liner in storage at ORNL; ( 4 )  operating equipment such 
as cameras for remote monitoring and radiation instrument, a diesel 
generator for backup power, and handling fixtures for the liner; and 
(5) operations planning, including preparation of safety and quality docu- 
mentation and operating procedures for the so l id i f i ca t ion / s to rage /d i sposn l  
operations. 

The EASC effort under this subtask will be completed in EY 1988 by 
performing the following activities: (1) construction of the decanting 
system and the solidification confinement facilities, (2) establishment 
of a price agreement with a primary and alternate source for solidification 
services, ( 3 )  certification of the waste form of the primary and alternate 
sources as meeting the performance requirements, (4) mobilization of the 
vendor's solidification system and a cold checkout of a system at OWL, 
and (5) commencement of solidification of actual hot waste. 
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prevent the tanks from fi11.i.ng up, some of the associated issues (e,g., 
questions related to interim storage of  waste from the EASC) are such 
that institutional factors may preclude the devel.opment of a feasible 
consensus f-or proceeding wich the EASC in the FY 1988 time fraine as was 
originally planned. This task will focus on several contingency 
planning activities that wil.1. be undertaken for preparedness to deal 
wi-th the situation should the LIJ tankage be exhausted. 
activities will be pursued: (1) detailed planning for discontinuance of  
the centralized collection of LW from low-priority generators at 
increasing degrees of risk based on the remaining free board in the 
tanks, (2) risk assessments of the programmatic and environmental 
consequences of selected discontinuance of  the collection activities, 
( 3 )  use of storage tanks of '1-esser integrity than the present EW storage 
system (ime., gunite tank),  ( 4 )  options for treatment o f  waste at the 
source for disposal, and (5) development of second-generation plans for 
a follow-up solidification campaign. 

It must Ire recognized that while an all-out effort i s  under way to 

A number of 

The activiti-es described for Subtask 2 are in support of operational 
activities for the EASC campaign that will be implemented using 
charge-hack funds - about $2.77 million, which is in addition to tihe 
programmatic funding presented here for  these subtasks. 

9.2.3 Suhtask 3 .  In-Tank Evaporation 

This subtask includes all activities t o  fully implement in-tank 
evaporation. In-tank evaporation activities will include (1) monitoring 
of  the off-gas ducting and sampling of the demister liquid 
(entrained/condensed liquids); (2) installation o f  a higher-capacity 
compressor t o  increase the number o f  spargers that can be operated; 
( 3 )  installation of a s y s k m  K O  remove and collect demister liquids for 
transport to Bethel Valley; ( 4 )  modifications to W S T s  to enhance 
evaporation rates (such as heaters and dehumidifiers); (5 )  preparation 
of operating procedures, safety assessments, and envirormental 
assessments; and ( 6 )  experimental test-bag t o  determine the evaporation 
limits and the properties o f  the solids formed. 

The in-tank evaporation wbll be implemented in a phased approach. 
Syarging will begin with the existing system after preparation of an 
ADPT. A higher-capacity conrprressor wtll then be installed to increase 
the number of  tanks that cat1 be sparged at the design rate. After an 
increase in the sparge rates, the system will be installed to allow 
transport of  the collected dewister liquid to Bethel Valley for 
treatment. The final phase of the task is to add dehumidifiers 2.0 the 
tank air supplies and install heating units to increase the temperature 
of  the waste to enhance evaporatjon rates. 

An experiraerital testing effort will be conducted to collect the 
following data: (1) relative effects of temperature, salt 
concentration, arid sparge rate on the rat.@ of evaporation; (2) waste 
concentration at which solid forms and the charaeteristLcs of the 
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solids; and ( 3 )  quantity of radioactive material in the off-gas. These 
experiments will be conducted with the actual waste in a hot-cell 
facility. Waste solutions from four of the waste tanks will be tested, 
and trends will be established to guide the ir-tank evaporation 
operations. 

9.2.4 Subtask 4. Waste-Handling and Packaging Plant Support 

The work elements of this subtask are being performed in support of 
the WWPP. These activities will supplement the existing TRU program 
activities to allow coprocessing of LW supernate with the IRH-TRU 
sludges. The elements of this task are as follows: (1) coordinate 
atcold'' concentration and solidification tests at Rocky Flats (actual 
testing funded by TKU Program, $50 thousand); (2) conduct literature 
search and vendor survey of existing solidification and sludge 
mobilization techniques; ( 3 )  perform hot-cell tests and demonstration of 
concentration-solidification process for WHPP; ( 4 )  conduct waste-form 
testing and characterization; and (5) carry out mock-up demonstration of 
sludge mobilization equipment. This subtzsk will require significant 
interfacing with the WHPP conceptual design, design criteria, and the 
detailed design efforts by the TRU program. 

The lack of FY 1988 funding severely limits the progress on this 
task. Under the present budget, only the coordination of the scouting 
work and the preparation of an experimental plan for hot testing will be 
completed in FY 1988. In FY 1989, experimental equipment will be 
procured and installed for hot testing. 
verify scouting studies will be conducted initially, with hot testing 
beginning late in the fiscal year. 

Testing with cold material to 

The TRU program is providing $150 thousand of FY 1989 funding to 
support these efforts. Follow-on hot-cell testing will emphasize the 
addition o f  materials to produce leach-resistant waste forms. 
Waste-form testing will be conducted to characterize the products of the 
solidification process. 

Sludge mobilization mock-up testing will also be performed. 
tests will. verify the operational acceptability of the approach and 
equipment to be installed by WHPP for sludge removal. 
conducted in a mock-up of one of the MVST vessels. 

These 

Tests will be 

9.2.5 Subtask 5. R6D Support for Long-Tenn Process Selection 

The work elements of this subtask will support long-term 
solidification and will include (1) a system analysis and planning 
function, which provides the overall definition of the R&D program; 
(2) bench-scale screening of candidate processing steps; ( 3 )  development 
of potential flow sheets for evaluation; ( 4 )  experiments to allow 
selection of the best flow sheet; and (5) a pilot-scale demonstration of 
the selected flow sheet with actual waste. 
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The supernate decontamination is the process step for which the 
least: i s  current1.y known. The decontamination K&D is crucial in 
determining whether the bulk of the waste liquid can be converted to 
LLLJDDD Class IT SLLW f o r  on-site disposal. Thus, R&D on the supernate 
decontamination should be started to determine the extent of 
decontamination possihl e and the best method for accomplishmenC. 

Several methods of  decontamination should be examined. These 
include ion exchange, precipitati-on, solvent extraction, arid hi.ologica1 
sorption processes. 
decontamination, the available processes must be evaluated according to 
(1) the volume o f  waste material generated, (2) the complexity of the 
process and equipment., and (3 j appl.icability t o  remote operation and 
maintenance. 

In addition to determining the attainable 

The solidificatjon s t e p  f o r  trhe long-term flow sheet may be similar 
to the direct solidification process developed under Subtask 4 for 
WWPP. The long-term flow sheet will have the added requirement o f  leach 
resist-ance for on-site disposal, which is not required for WIPP 
disposal. 

Proper staffing of this subtask is constrained by the F'Y 1988 
budget; increased funding in FY 1988 and FY 1989 is needed to allow 
preparation of an R&D p1.m and to conduct initial screening studies. 

9.2 ~ 6 Suhtask 4. Capital Project;s Management for LW System Hodifieations 

This subtask defines and manages capital projects necessary f o r  
modification of  the LkJ system. Thc key elements of this task are as 
rollows: (1) sampling and R&D to define project: needs, ( 3 )  development 
and documentation o f  functional criteria, (3) preparation of  preliminary 
proposa l s ,  and ( 4 )  coordination of design and construction of the GPP. 
The following newly defined GPPs will be managed under this subtask: 

Project T i t l e  Funding Estimated cos t  

year ($1000) 

FPDL Pretreatment System (Building 3517) 1.389 500 - 7 50 

HFIR Regenerare System Modification 1990 500-750 

The above projects are "newly" defined, and the expense and capital 
funding needed for their implementration is not in the budget. 
Additional funding is needed to avoid delay of tAiese projects. 
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task is prese ted in Tab1 9 . 1  and is 
based on the funding level presented in Table 9.2. 

9 . 4  BUDGET 

The programmatic costs are presented according to the subtask 
activity in Table 9 .1 .  The budget is not adequate in FY 1988 and 
Fy 1989 to conduct Subtasks 1, 4 ,  and 5 at an acceptable level. 
Additional funding of $270 thousand in FY 1988 and $475 thousand in 
FY 1989 is needed to allow experimental planning activities to be 
completed in FY 1988. The addition of $475 thousand in FY 1989 is 
needed to conduct an experimental program to adequately support the 
design of the WHPP. Capital equipment needs are presented in 
Table 9 .3 .  Additional capital equipment funding of  $268 thousand in 
FY 1988 and $212 thousand in FY 1989 is needed to productively progress 
with the program. 
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Table 9.1. Program schedule 

Sub t a s k p i l e s  tone 

1. Program planning, strategy 
development, and w a s t e  
characterization 

A .  Develop iiverall strategy 
and program plan 

B. Sampling 
1. Prepare sampling plan 
2 .  Complete Phase 2 sampling 

WST 
3 .  Complete implementation 

of samplixig plan 

2 .  @ASC and contingency planning 

Solidification. Campaign 
A.  b%Kg@nCgp Avoidanci? 

1. Complete integrated system 
testing af LW solidification 
fac i 1 it ie s 

2.  Support cold checkout EASC 
3,  Complete "hot" cross-flow 
4. Begin solidification campaign 

B. Cqntingeney planning 
1. Develop plan and procedures for 

phased discontinun@@ 
law-priority LW generators 

~ ~ v i ~ o ~ ~ n ~ ~ ~  
discontinuance of EW generatars 

2 .  Develop ass€?ssme of safety and 

(Phase 2) 
lete installatian of necessary 
aparation enhance features 
Pete evaporation experiments 

4. WMPP support 
A .  Draft development plan 
B. Complete collection of solfdification 

process design data 

5 .  R&I9 support for long-term process 

A .  Draft experimental p l a n  
B .  Complete status report on decontaminated 

C .  Complete report on alternative f l o w  sheet 

selection 

process screeni-ng 

Y 1988 
2 3 4  

M 1990 
1 2 3 4  
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Table 9.2. Expense funding summary adjusted to m e e t  funding baseline 

Activity 
Expense fundina requirements 

FY 1.988 FY 1989 Ey 1998 FY 1991 

Program planning 

Characterization 

85 110 120 120 

- -  350 340 100 

In-tank evaporation 250 200 50 - -  

EASC 1705 500 - -  - -  

W P P  process support 4 0  530 100s 229 

R&D support process selection 120 i_ 810 2985 4045 

Total 2200 2500 4500 4494 
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Table 9 . 3 .  Capi t ia l  equipment funding adjusted t o  meet 
funding bas e l  ine 

Capital equipment item 

Cost estimates 
($1000) 

FY 1988 FY 1989 FY 1990 
...__.........I. 

Diesel generator 150 
Stack monitor 60 

Liner handling equipment 40 
Rad i a t i on ins t r um en t s 30 
Microwave system 198 

Sludge removal equipment 380 

90 
Anion chromatograph 40 

Noninterruptible power supply 49 

Tanker (radioactive liquid) 100 

Wet-chemistry equipment with glove box 

Decontamination system 200 
Filtration system 200 

- - II__ 

Total 259 268 1010 
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