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‘I’emperature Gas-Cmoled Reactor and Consolidated 
Fuel Reprocessing rograms and for the Energy 

or  Laser Isotope Separation 
(AVLXS) Program. 

During this pcriod, Chem Tech cxpcnded con- 
siderable effort on  the manage 

istribution activities that were 
in June 198& Tke inhere 

the antiquated facilities use 
creased in importance during this 
rnal and external audits cast light 
sen= of funding to address such 

issues, many radioisotope activities will probably be 
phased out in the coming year. Activities related to 
stablc isotopes have likewise been impactcd, but are 
expected to continue into the future. 

The @hem Te of Safcty and Opera- 
tional Readiness ( as crcatcd in 1989 to 
integrate the finnct ality assurance, safety, 
radiation control, ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ a l  protection, h a s ~ r d s  
communication, training, crisis management, opera- 
tional readiness, and the division’s self-assessment 
activities. dcgration of these functions will 
enable Chem Tccli to meet the greatly increased 
formality and documentation requiremenas in these 
areas. Under the guidance of Division Director, 
the QSQR also semcs as t interface between 

ch and the safety and erational readiness 
Martin Marietta 
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4 Clze~nicnl Technology Division Progress Report 

use in W & E a  a 
of these represent n 

ications to study p 
initiative areas, a 

Fourth, W O  waste technology is a 

te management option. Many 

government organizations other than DOE 
problems that arc very similar to those being addressed by DOE, except that they do not 

ve constituents. These organizations are not generally strong in areas relatcd to WM&EC,T, 
e so. Chem Tech is pursuing the ggortunity to develop technology to  solve 

f these organimtions. The predominant sponsoring organizations are the various services 
Department of Ilefense (DOD), espccially Ah- Force. This work not only providcs 

vana work for Chem Tech, but benefits D usc solutions developed for DOD are 
ble to DOE problems. 
from developing air-stripping and soil-venting technologies to remediate contaminarcd 
vironmental surveys to identify problem areas. "[1Inis work is expected to continue and 

waste ~ ~ ~ ~ a ~ ~ n ~ ~ n t  on governmcnt sites and the  
tly utilize government resources. 
two very different advanmd reactor systems. l ' h e  

first is  the Advanced Neutron Source (ANS) ,  which is a follow-o to the existing High Flux Isotope Reactor 
(HFIR) at  QRNL. The primary purpse of this reactor i s  to p vide a state-of-the-art facility housing an  
intense neutron source for use in investigating the structure of nnabcrials and. in producing radioisotopes. 

er density core of the ANS as it relates to hcat 
t ~ ~ ~ s f ~ r  considerations. 

A semnd Ghem Tec ~ ~ v o l v ~ n ~ e ~ ~ t  in advanced reactor systems concerns a fledgling task to develop 
passively safe light-water reactors (LWRs). The rcsults to date are most promising, and i t  is anticipated that  
this work will lcad bo a proof of principle within the next few years. 

Sixth, the Waste Management Technology Center (WMTC) (see Sect. 3 for details) i s  an  organization 
centered in Chem Tech, but involving many members of other ORNI, divisions and subcontractors. Its 
primary purpose is to provide a technical resource to Energy Systems' efforts to devclop and implcmcnt 
appropriate and cost-effective W&Em solutions, Its activities range from providing technical support and 

Systems programs (e.g., program to establish new low-level waste 
disposal facilities) to investigating waste i ~ ~ o b i l i ~ t i o ~  technologics (especially grout-based) to conducting 
demonstrations of new private sector technologies. 

%e of the generally heightened interest 
llahorative interagency ventures to effic 

Tech is involved in the development 

t is related to the design of the high-p 

ent capabilities to major Ene 

na nt 
CRWM was established by the Nuclear 

Policy Act (NWPA) of 1982.l In this act, 
i s  dirwtcd to take title to the spent fuel and 

from civilian and 
rams and to ma 

discharge its legal 

DOE in this program 
that include collccting 

cmssamy for the design and licensing 
facilities, studying the options for 

~~~~~~i~~ and transporting the wastes and spent 
ining the ~ e v ~ ~ o ~ ~ ~ ~ ~ ~  necds of thc 
exwring that all of the faacilitics and 

their system interfaces match properly. Much of this 
work is carried o by subcontractors who are 
specialists in their 

section on transportation 
programs, summaries of our work in the areas of 
transportation operations, logistics and modeling, 
transportation capabilities near corn mcrcia 1 power 
reactors, and shipping a s k  testing are presented. 

section on systems integration programs 
an assessment of existing reactors and 

sure that no interfaces will bc 
ed, the acceptance criteria that will hc 
national repository, the cha rac t a i s  t ics of 



m Tech focuse 
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results of all 
smaller activit 
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Chemical Technology Division P'o'f 
~ ~. 6 

functional flow 

1. p l ~ n n i n ~  and control, 
2, carriage, 

ch of these subsystems was then described in 

3.3 waste acceptance operations, 
3.4 waste generator technical support, and 
3.5 waste generator facility interface information. 

The contents of each of these subelements were 
then described. The document providing the revised 
functi~nal flow block diagrams, the 
descriptions of the functions, and the TO 
description was submitted in draft form to 
in June 1989 and i s  under review by DOE. 

A series of white papers assessing the impacts 
of the "Standard Contract" on transportation 
operations and defining methods for resolving these 
impacts was developed during FY 1989. As a result, 
an 11-step process that addresses the Standard 

ssues from an upper, integrated level was 
. This process will provide an overview 

perspective of operating TOS using different 
interpretations of the contract. Work has been 
initiated using these 11 steps: 
1. identifying operational assumptions, 
2. identifying allocation options, 
3. forecasting expected fuel quantities by site, 
4. developing fuel selection rules, 
5. evaluating expected fuel characteristics, 
6. identifylng and characterizing site/facility con- 

straints, 

'7. identifynng an 

8. estimating shipment capabilities, 
9. identifymg alternative transit options, 

characterizing near-site infra- 
structure constraints, 

10. i d e ~ t ~ ~ ~ ~ ~  feasiblc o 
11. iterating analysis bas 

ng scenarios, and 
on outside reviews. 
defining site-specific 

s and developing site-specific 
outlined. Both of these processes 

CH and are undcr review 

The Cask Maintenance Facility feasibility study 

to DOE/CI-I in February 1989. This document i s  
E. 'fhe results of the study 
aintenance Facility to support 

fleet in full operation is feasible and 
ny significant technology 

ign and construction 
to take 110 months from the 
igw to the start of operations 
cd as a government-owned, 

acquisition by the 
ing a stand-alone 
illion in constant 

FY 1989 dollars. T h i s  includes $8 million for 
preliminary (expense-funded) project activities and 
$75 million for the capital cost of the facility. 
Escalated over the project cycle, assuming the start 
of operations would be first quarter of FY 2003, the 
total cost becomes $143 million, 

The capabilities of the existing, commercially 
available a s k  fleet and its current certification 
status were asscsse and documented in draft 
reports that were submitted to DOE/CH; these 
reports are under review by DOE. The results of 
these studies indicate that the existing fleet and 
additional asks that are under development 
privately and can be expected to be added to the 
fleet will only provide a small portion of the 

sewe the FWMS in its early 
ring the first year of FWMS 

c tons of uranium (MTU) of 

by DOE. 

was complet&, 3 d a draft document was submitted 

contractor-operated major sysac 
. The cost of co 
estimated to be 

expected to be shippxn 
W/)eas, depending upon w ~ ~ t h e r  

an MRS 
cask flmt, 



MRS location 
rtation effort ne 
ctors to a rep 

ded in the stu 



density and also provide access to two 
major rail carriers rather than a single carrier at 
Las Vegas. 

The major activity in thc logistics support area 
was the revision of the frclirninary Cask Flcet 
Projections report, which i s  currently in draft form. 
This report was modified and expanded to include 
the 1989 Total System Life Cycle Cost 
transpartation assumptions, A number of scenarios 
were investigated in which the total cask flcet varied 
from 74 to 132 casks. CAsk loading and unloading 
times have a strong influence on the cask fleet 
numbers, and a small changc (on the order of 1 or 
2 d) will produce a significant change in the 
projected cask fleet sizes. The use of dedicated 
trains to transport SNF from reactors to an MRS 
or a repository increased the a s k  fleet by -5%, as 
shown in Table 2,l. Cask fleet projections were not 
as sensitive to other transportation parameters, such 
as average transport speed or  cask utilization, that 
were investigated in this study. 

DOE has decided to evaluate, for each reactor 
site, the capabilities of the existing tacar-site 
transportation networks (road, rail, and barge) to 
accommodate SNF shipments and to generally assess 
the potential to upgradc these capabilities, should 
that appear desirable. The capability of road, rail, 
and barge syste s to accommodate legal, 
overweight, or  oversize radioactive waste shipments 
is k i n g  assessed. Site-specific trends or future plans 
for railroad and barge facilitics will be documented. 

Martin Marietta Energy Systems, Inc., has 
entered into a 2-year contract, starting in Junc 1989, 
with Nuclear Assurance Corporation (NAC) t o  
assess the near-site transportation networks within 
-25 miles of each reactor site. Plans call for visits 
to each reactor site, the collection of significant 
amounts of transportation-relatcd data, andl an  
assessment by NAC, based upon the data, of the 
best method of transporting SNF and other highly 
radioactive wastes from the site. 

Table 2.1. Summary of cask fleet projections for different scenario assumptions 
Maximum 17umber of casks required 

Truck Railb Total Scenario 

1. MRSa and all railroad casks 
transported as general freight 

2. MRS and only loaded rail casks 
t ranspotted in four-car-u ni t trains 

18 

18 

3. MRS and all rail casks 18 
transported in four-car-unit trains 

4, MRS and all rail casks transported 
annually in a single-unit train 
from each site 

5. No MRS and all rail casks 
transported as general freight 

6.  No MRS and all rail casks 
transported in four-car-unit trains 

7. No MRS; all spent fuel shipments 
transported in truck a s k s  

8. No MRS; all spent fuel shipments 
in truck casks; extended loading) 
unloading times 

18 

35 

35 

63 

112 

56 

41 

61 

85 

45 

48 

20 

20 

74 

79 

79 

103 

80 

83 

83 

132 

- 
aManitored retrievable storage. 
blnclcldes 20 rail casks for transporting HLW. 
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10 Chemical leclznology Division Progress Repon 

missing information, was initiated in W 1988. The 
site visits continued through this reporting 
aml seven sites remain to be visited. ‘I%c eval 
of thc sites visited through September 30, 1989, are 
presented in a FICA Interim Topical 
meetings to assess the progress of 
were held with the lJtility Working Group, The 
Working Group has provided valuable support in 
establishing lines of communication with the utilities 
and in facilitating the site visits; their interaction 
will continue. 

siteria 

The NWPA requires DOE to accept SNP; and 
HLW from civilian. nuclear reactor plants and to 
naanagc it in a manncr leading to its eventual 
disposal in a geologic repository.’ ’l lc possibility 
that the SNF and MLW may be handled, treated, or 
packagcd to different degrecs by various waste 
generators requires the devclopment of waste, 
acceptance criteria that will result in the 
optimization of the F’WMS pesfornnance Criteria 
for acceptance, dclayed accc 
nsnawptance are being developed in 
areas: 
1. failed fuel, 
2. consolidated fuel, 
3. non-fuel-bearing wastes from consolidation and 

other sourc~s, 
4. fuel in metal storage asks,  
5. fuel in mulficlcmmt storage canisters, 
6, inspection and tcsting requiremcnts for wastes, 
9. minimum a m p t a  canister criteria, and 
8. defensa: and commercial high-level waste 

‘This work is being performed by E. R. Johnson 
Associates, Inc,, under subcontract to OWNL. 

Draft critcria rcports were prcparcd and 
itded to ORNI., on failed fuel, consolidated 
transportable storage asks, non-fuel-bearing 

packages. 

components, fuel in multielement stor 
and fuel in metal storage casks. The 
are undergoing peer rcview by a selected group of 
experts. Following a peer review group rnccting, the. 
rcports will be revised to include peer comments 
and will be issued in final form early in I T  1990. 
Tlie two remaining draft reports, “Inspection and 
Testing Requireniemits for Wastes” and “Dcfcnse and 
CoInrnercial High-level Waste Packages,” are 
schcdulecl to be completed by the end of 1989. 

A companion rcpoxt, “The Incentives and 
Feasibility for Direct Measurement of Spent Nuclear 

cteristics in the Federal Wastc 
Management Syste ,” was completed and given a 
wide distributiom6 

e 

Introd 

‘l’lnc OCRWM is responsiblc for the SNF and 
HLW that will eventually be disposed of in a 
geologic repository. The two major soiirces of these 
materials arc cornmercial LWR SNF and 
immobilized HLW from DOE nuclear materials 
production plants. Other wastes that may require 
long-tem isolation indudc mon-1.WR spent fuel and 
miscellaneous sources such as activated metals. 
Xktailed characterimtions, which iricludc physical, 
chemical, and radiological. properties, are required 
for all of these materials. Radiological properties 
must take into account decay as a function of time. 
In addition, the esent inventories and projected 
quantities of the arious wastes are needed. This 
information has been assembled in a CDB, which 
provides data in fo 
reports, menu-drive 
bases, program-level PC data bases, and mainframe 
computer files. 

This data base is an integral part of the systems 
integration approach being used by OCRWM. 
Specifically, the data base provides a standard set of 
self-anasistent data for use by the various areas of 
responsibiliry within OCRWM, including systems 
intcgration and waste stream analysis, storage, 
transportation, and geologic disposal. ‘1%~ data will 
be used for design studics, trade-off studies, and 
system optimimtion by OCRWM and their 
supporting contractors. The Waste CDB provides 
primary input to OC WM’s Systems Integration 
Modeling System (SIJMS) (Fig. 2.l).’ 

The CDB i s  organized by four major waste 
categories: LWR spent fuel, immobilized 

HEW, now-LWR spent fuels, and miscellaneous 
wastes. n c s e  four atcgories are divided into eight 
types (Fig. 2.2); LWR spent fucl, the largest single 



1. Waste Character terns Integration M 

2.2. input sources to t ta Base and derived 
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source, encompasses four of these. The four major 
r i a ,  plus a summary, comprised the five 

major sections of the first characteristics report, 
which was issued as an eight-volume sets8 Six of 
these volumcs consist of 14 appendixes that provide 
supporting information to the other two volumes. 

Five of the appendixes are Users' Guides to as 
many ~ ~ ~ ~ ~ ~ ~ i ~ e n  PC data bases, No programming 
skills are required to use thesc data bases designed 
for use on IBM-PCs or  PC-compatibles and avail- 
able through ORNL (ordering information is given 
on p. v of ref" 8). These menu-driven data bascs 

1. LWR radiological data, 
assemblies and spent fuel disassembly 

(SFD) hardware descriptions, 
3. high-level waste data, 
4. LWK nsnfuel assembly (NFA) hardware 

5. LWR spent fuel quantities. 
descriptions, and 

The previously mentioned data bases, as well as 
many of the internal working files, are written in 

ASE 111, which permits tabulation of special 
reports asad interactive output. Mainframe files are 
used to generate some of the files as well as some 
of the hard-copy reports, Their use involves 
Statistical Analysis System (SAS) and FORTRAN 
programming. 

The ~ ~ ~ ~ o l ~ ~ i ~ l  propcrties are calculated using 
QRIGENZ~ and include: 

1. 

2. 
3. 
4. 

5. 
6. 
7. 

quantities of each nuclide (grams or gram- 

tivity, total and by nuclide (curies); 
thermal power, total and by nuclide (watts); 
photon energy spectra, by energy group (18 

neutrons from spontaneous fission (per second); 
neutrons from (a,n) reactions (per second); and 
quantity of each elcxiient (grams or gram- 
atoms). 

These properties are decayed, over time, for 24 

groups); 

(or more> per-iods from 1 to 1 million years. For 
SNF, the integral heats are also available 
as any 2 times out o set of 38 times, also 

periods of 1 to 1 

reissue both. the hard-copy r 

process of being formally re 
covered include: 

classification scheme for LWR fuel 

2. a description of shipping an storagc casks for 
SNF," 

3. physical descriptions of General Elcct 
Company QGE) boiling-water reactor (BW 

4. sensitivity of ORHGEN2 to v 

d criticality aspects of non- 
LWR anid special-case LWR spent fuc~s. '~ 

Each of tkesc topics i s  described briefly in the 

LWRS coperate 
y four primaR-y v 

reload fuel manufactaasd by both these vendors and 
additional suppliers, a wid6 variety of fuel assembly 
types are in ~ x ~ s ~ e ~ ~ "  The Waste CDB projcct 
required a? national classification scheme for these 

f ia t ion scheme, extensive 

to characecrize 

combination of 

to other areas arid i s  expected to be 
many OCRWM programs. 
variety of shipping and storage asks i s  

and photographs. 
The physical characteristics sf fuel assemblies 

manufactured by GE for BWRs were obtained from 
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The WSA reporting system is a large collcction 
of standard reports that summarize the time- and 
location-dependent characteristics, of spent fuel and 
other wastes. Reports are produced ab various lcvels 
of detail in both tabular and graphical forms. 

permits the detailed analysis of 
logistics functions by tracking in 

ment and processing of individual 
waste packages. This techniquc permits thc 
determination of average and instantaneous 
utilization factors of FWMS system elcmenas and 
equipment and the ide tifiation of major pinch- 
p i n t s .  

SOLMOD is a discrete-event simulation model 
that emulates the movement of waste packages 
through the FWMS from pickup at reactors to 
emplacement at  the repository. Thc interaction of 

ages with various process resources 
loading bays, or  other equipment) is 
SOLMOD can be used to show how 

different operating schedules and rules, systcm 
configurations, and inventorics of resources affect 
the performance of the FWMS by identifying 

d  he utilization of available capacity 

or staff- In short, SOLMOD can help planners 
e W M S  will work and thus help 

improve its efficiency. 
Model output includes the amount and 

characteristics of waste stored at selected points 
within the W M S  and the utilization of resources 
needed to transport and process the waste. The 
output routines in SOZ,MOD have been designed to 
allow the user to custom design the most 
appropriate tabular or  graphical output for the 
application. 

SIMS is an integrated 
for systemwide stu 
n Fig. 23 ,  SIMS 

ing models and data 
operate either indepen 
provide consistent integr 
parts of SIMS are (1) 
Ass ecifications, (2) Systems 
Des ility, (3) CDB, (4) WSA, (5) 
SOLMOD, and (6) System ~ ~ g ~ n e e r i n ~  Cost 
Analysis Capability. 

The ability of SIMS to simulate various F 
configurations was demonstrat in F Y  1989 by 

OPERATIONAL SCENARIO AND ASSUMPTIONS SPECIFICATION 
CAPABILITY 

CAPABILITY 

WASTE STREAM 
ANALYSIS CAP AB I Ll TY AND LOGISTICS COST ANALYSIS 

ANALYSIS CAPABl LIT'/ CAPABl LlTY 

WSA MODEL SOLMOD MODEL SECAM MODEL 

~ . 

INTEGRATED ANALYSIS 
- 

Fig. 2.3. Systems Integration Msdeling System. 
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Environmcnztal and Health Protection, and Health 
and Safety Research) to assist in this activity. 

Beginning in IF'II 1986, ORNI, was directed by 
OCRWM to manage the "system modeling" program 
to evaluate the status of computer codes used with 
the M S .  In coordination with the  Technical 
Code Coordinating Group (TCCG) and t h e  Spent 
Fuel Working Group (SFWG), ORNL began the 
assessment of seven initial code categories: 
radiation shielding, thermal analysis, criticality, 
radionuclide inventory (i.e., ORIGEN-type)915 
dispersion/deposition, biosphere trans 
health effects (kg dose-to-man), D 

Chem Tech managed two projects 

Regulations that sup 
validation of compute 

and the second project, entitled "QRIGEN-'Qp@ 
Code Development and Validation," was fundcd by 
the Regulatory Compliance branch. 

t 

From a survey of the project offices and 
contractors9 ORNL has compiled and published a 
compendium of technical computer codes used in 
support of OCRWM programs." This report 
contains descriptions of 318 computer codes divided 
into 22 separate categories. Assessments of the 
seven initial categories selected by the TCCG Rave 
been completed, and reports documenting the code 
assessment have been prepared for criticality, 
shielding, t hermal analysis, and radionuclide 
inventory. ''-2~ A preliminary assessment of 
atmospheric dispersion, food-chain transport, and 
dosc-to-man computer codes has also bcen 
completed.21 The Model Assessmcnt project was 
completed at the end of Fy 1989. 

Code Deveb d 

For OCRWM to design and construct properly 
a mined geologic repository for the disposal of SNF 
and HLW, they and their supportive contractors will 
need information on the radiological characteristics 
necessary for design and licensing assessments. The 
types of data required and their relevance include 
(1) r ~ d i o n u c l i d ~  composition (criticality); (2) ther- 
mal power (package/cask/facility heat transfer); 

(3) radioactivity (perfo~mznaxmcelris~saf~ty assess- 
ment); (4) photon source (shielding); 
tron source (shielding and criticalit 
could bc obtained by a n ~ l y ~ i n g  
component, but this would be too 

A number of computer codes, 
ide gcnerationldepletion OH source 

term mdes, have been develop 

be verified and 

k is  conducting each activity (Le.? 
assessment, verification, validation, and enhance- 

NQA-1. During this reporting period, the DOE/EIQ- 
approval QA plan was updated.22 

Because computer codes are capable of 
modeling many complcx systems, techniques are 
necessary to document their computational features, 
capabilities, and accuracy. One excellent method to 
determine whether a c ~ d e  correctly performs its 
stated capabilities is a p r o w s  called verification. If 
an analytical solution is available for a specific 
problem, then a direct check of a code's output can 
be determined. However, in most cases, the systems 
that are Po be 1x118 eled are too complicated to lend 
themselves to analyticai solutions. Under t hesc 
circumstances several codes a n  be used to model 
the same proble , and then the resulting outputs 
can be compared. 

A cooperative effort was initiated between h s  
Alamos National Laboratory and ORNL in order to 
compare the predictive capabilities of three 

ratisnjdepletion computer codes, 
EN2, and ORIGEN-S.23-7J Of the 
two modeled typical RWRs at 
and 40 GWdMTU, and two 

represented typical PWRs at burnups of 33 and 50 
GWd/MTU. In the fifth case, identical input data 
were used for each of the codes to examine the  
results of decay only and to show differences in  
nuclear decay constants and decay heat rates. 
Comparisons were made for several different 
characteristics (mass, radioactivity, and decay heat 
rate) for 52 radionuclides and for 9 decay periods 

from 30 d to 10,QQQ years. Only fission * 

s and actinides were considered. 
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thc MCC on an adjacent sample (Figs. 2.5 and 2.6). 
The schcdule for FY 1990 includes the application 

mass spectrometry and selectcd ’% 
?.sa u 
?.?a 

W 

*“pu 
0 

vl 2 J R P U  

lide inventory codes 
code for use by 

ORIGEN-S and 

model for B 
response to this, 
models available fo 

initial heavy metal (MTIHM)] 
sing the same wmputati 

27.5 GWd/lh.%TI[HM) and the starndard- and 
extended-burnup PWR models (to 33 and 50 
G w~MTIHM, respectively) were 

Although source, special nuclear, and by- 
product material arc exempt from RCRA, the non- 
radioactive constituents of by-product materials are 

-2 - 1  0 1 2 3 

”/. DIFFERENCE ( R p N L  - R O R N L ) * 1 0 0 / 0 . 5 ( R p N L  + R O R N L )  

Fig. 2.5. Comparison of neodymium analyscs by ORNI. 
and Pacific Northwest Laboratory for nuclides in LWR fuel 
(ATM-104) in peak-burnup region (thermal-emission mass 
spectrometry), Note: this sample is adjacent to that shown 
in Fig. 2.6. 

1:ig. 2.6. Coinparison of actinide analyscs by ORNI, and 
Pacific Northwest 1,aboratory for nuclides 111 1,WR fuel 
( ATM - 1 03) in pea k-bu rii u p reg io IP ( t her m a  I-em ission mass 
specironictry). Note: this sample is acljacenr to that shown 
in ]:IS. 2,s. 

not, Facilities that dispose of hazardous wastes are 
subject to regulation by the Eaaviranrnental 
Protection Agency (ITA> under RC 

e€€or‘f. by B C R W  t ssess the potential 
acts of RCWA on pla B C R W  facilities, 

the status of non-EWR s 
radioactive wastes unde 
waslta considered in 
miscxlilaneous matcriaBs 
a repository, including 
fu&, test, research, an  
wastes from reactor up 
hardware, wastes from d 
from other fuel cycle 

tes, they arc 03 
grater variety of materials, 
physicaa8 forms than LWR 

wastes are hamrdsus is a 

hazardous are subject to Subtitle C regulations sf 
RCRAa2 The Subtitle C program is  designcd to 
ensanre that hazardous wastes are nn 
and cbe~ltes a era le-to-grave ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ t  system. 
under Subtitle regulation, a solid wasFe i s  defined 
as hamrd~us if it mects one of the following three 
conditions: (1) it exhibits one of four characteristics 

ity, coiissivity, icactivity, or cxtractioiz- 
e (EX”) toxicity], (2) it i s  listed, or (3) it  is 

a mmtrrare containing listed astcs. wastes that meet 
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T 

s ranged from applied W&D of 
1, and biological treatment methods 

ation n&ed for 

and in nova five 
ficant. initiatives 

1, majar program 

and ~ ~ ~ ~ t i d ~ v ~ s i ~ ~ a l  approaches, drawing on or 
providing the ~ ~ ~ ~ o ~ r ~ ~ ~ ~  skills, as needed, 

.1 

jor activities and involvement 

section. Some work inch  a bioremedia t ion 
wherein major initiatives have begun 

rnarily to the usc of microorgaaaisms for 

problems are discussed in this 

detoxifying and destroying 
organics. Principal efforts du 
mncentrate on ~~t~~~~~~ 

cts is the waste 

elopment needs of the WHPP. 
to D&D of facilities and 

during this reporting 

for biorernediation of 

the E nvi roil men t a 1 
of Teniicssee, the 

Institute, and Oak Ridge 
veirsitjes. In this section, progress is 
the areas of biorernediation of PCB- 

trichlaroethylcnc- ('ICE)- 
tes, biosorption of heavy 
of mixtures of hazardous 

of contaminated 

developed in Chem 

PCB contaminatio i s  a significant environ- 
mental problem on the QRW, as it is at  many 
governmenat and industrial installations. Oak Ridge 
sites include the oil landfarm and sther sites within 
the Y-12 burial. grounds, portions of the old Z-oil 
system at Y-12, and at least one location along the 
floodplain of Bear Creek There are undoubiedly 

resewa tion. 

some cascs, the carbon can be converted to CO,. To 
date, no t for PCB biodegradation has 
been s u m  raonstrated in actually cleaning 
up a mntaminatcd site, k However, research progress 

n of PCRs and PCB-like compounds 
cicntly positive to lead most 

investigators to believe that effective technologies 

soil and sediment samples from 
sites on the QWR in late CY 

. The sample identifying numbers and thcir 
of origin are given in the following: 

ES-1 (Environmental. Sample-1), soil, Y-12 oil 
la a% d fa r rn ; 
E§-2, sediment/sludge, Y-12 landfarm oil pond; 
ES-3, sediment/sludge, Y-12 landfaam oil/sludge 
pit, 

1. 

2. 
3. 

4. ES-4, sediment/sludge 
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t is to determine 

mixtures of acetonitrile, benzene, ~ a ~ ~ t h a l e n ~ ~  
bis(ethy1hexyl)phthalat~ (BEHP), or 1,2,4-trichloro- 
benzene (TCB) as the sole arbon source% Two 
bioreactors arc being ~ a ~ n t a i n  on mixtures of all 
five of the compounds, These compounds were 
chosen as reprcsentative organics beause thcre i s  

en= in the literature that they can be degraded, 
The ~ ~ i u ~  is s plementcd with a mineral salts 
solution and tr elements. The reactors were 
originally inoculated with a mixed culture that had 

'ntained. on a variety of 
ds. The culture was 

son University, 

S e p t u m  
(To samp le  headspace  gas), 

Ehch has substantially diffe 

s medium with hcptane. 
or solvent mixture for 

Although it has been cvidenz, from visual 

Table 2.3 shows SQEE preliminary results of analyscs 
of the individual F ctors Q V ~ P  a 1-week period. 

b ~ ~ ~ ~ ~ ~ ~ d ~ ,  the data have been o 
Athough there i s  cnce that acetonitrile is being 

lop a quantitative extraction 

It is evident trom Table 2.3 that benzene i s  
used in the presenw of naphthalene (Reactor 2) 
and BEHP (Reactor 51, Both of the latter 
compounds are couliilized in the presencc of 
bcnzene. There may be some inhibition of bcnzene 
degradation by ~ ~ p h t h a ~ ~ ~ ~ ~  Benzene utilization is 
also sonicwhat reduwd in Bioreactors 6 and 7, 
w~~~~~ all compounds are present. Amtonitrile 
appears to retard the utilization of naphthalene 

vs 2). It is uncertain 
to a significant extent. BEHP is utilized 

O2 (one-way check valve) 

--..---Liquid s a m p l i n g  tube i m:a 

Plast ic screw c a p  

(CO, adsorbent)  'Teflon l iner  

1 -L  glass jar  Nutr ient  m e d i u m  
p lus  o rgan ic  c o m p o u n d s  

plus o r g a n i s m s  

Magnet ic  s t i r  p la te  

Fig. 2.7. Bisreactoe for degradation of hazardous organics. 
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The DOE Manford site has groundwater 
can  ta mi na t ed tmte and organic chemicals. To 
treat this g ater, YNI., is considering a 

rocess. For this 
ked to collaborate 
e ORNL, fluidized- 

esign and start-up 
FBR constructed at 

PNL. A mixed microbial culture isolated from the 
Haanford ground ater was used to inoculate the 
bisreactor. The: system was operated at PNId for 
several msnths during the summer of 1989. The 
perfornramce of the FBR was compared with the 
~~~~~~~~n~ of a suspended-growth (stirred-tank) 
bisreactor built and operatcd earlier at PNI,. @hem 
Tech also provided a generic comparison of 
s u s ~ e n ~ e d - ~ ~ ~ ~ t h  and fluidized-bed bioreactors to 
aid in the comparative evaluation of the two typcs 
of bioreactors. 

From these studies, PNL, concluded that the 
fluidized-bed system would be suitable for treatment 
of the Manford groundwater. Further work is 
scheduled by PNL to assess other operational 
faactors for the two typcs of bioreactors, which will 
lead to the selection of a bioreactor for demon- 
stration in the field. 

es in 

Surface waters and shallow groundwaters 
e contaminated with radionuclides when these 

waters corne in contact with contamina 
equipment, such as abandoned or leaki 
pipes. When these waters accumulate in dry wells, 
a b a ~ ~ ~ n e ~  banks, and nat rainage areas, they 
niust be treated to ational Pollution 
Discharge Elimination standards before 
release to aters. In some case,, an in situ 
treatment might be cost effective if 
appropriate technologies can be i ~ e : ~ t i ~ ~  and/or 
developed. 

a1 Action 
s existing 

technologies for potcntial in situ removal of 
radionuclides from aqueous streams. The con- 
ventional technologies considered wcre ion 
exchange, sorption processes, reverse osmosis, and 
precipitation/caagulation. The principal criteria for 
evaluation were: 

1. passive operation requisin minimal operator 

2. minimal hardware requirements, and 
3. c o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  with ambient ca 

attention, 

waters to be treated, 
None of these conventional technolog 

to be directly appPiaab9e to in situ r 
ever, a proms con 
forrniulated based 
est development 

the mnmpt,  

NL. The result of this study 

ent alternatives. 

"core" of sludge from six of the Melton Valle 
Storage Tanks (MVSTs) and two of the B 

access into the tanks and the 
ation levels of the waste, only 

one loation in each tank will be sampled. 
Information from these studies may be used in 
support of flowsheet development and systenis 
design for the solidification and disposal of these 
wastes. A full characterization of the wastes under 

prior to the time the wastes are 

urnents for the first phase 
rad the necessary approvals 
ents include the sampling 
ling procedurcs, task QA 
waste management plan, 

environmental ALARA 
review lctter. Sampling equipment has been 
fabricated. Liquid samples have been collected from 
six of the MVSTs and sludge samples from four 
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Fig. 2.8. Schem L LLLW system. 
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has been accumulating in 

which leaves -481 m3 (127 
TThe Operational Safety Requirements, h o ~ ~ ~ ~ ~ ,  
require that a minimum of 189 m3 (50,000 gal) of 
storage space must be left um~sed, leaving only 

(4'9,200 gal) of space avail 
an additional restriction 
space is imposed by the Operational 

nused storage space] used as the "trigger" 
ty Wangc [378 to 568 m3 (100,rn to 150,008 

s for reducinllg the volume 

scheduled for i ~ ~ ~ ~ ~ ~ ~ ~ ~ t i ~ ~  as 
to thc storage space problems. 

Wowevcr, despite such efforts, there still i s  a 
possibility that the storage space may be deplete 
sooner than earpccted because af factors that are 
beyond our control. Thusp the goal of this task i s  to 
develop specific plans of action to be implemented 
should the available storage space for the LLLW 
conwntrate be depleted, 

A number of conditions that would decrease 
the available storage space were mn 
1. 
2. e, unexpectd generati 

3. 
4. excessive, unexpected gcmnemtion of dilute 

5. evaporator failure; an 
4. heavy rainfall. 

The first threc smanarios affect the storage 
situation after the evaporator (i.e., storage of 
concentrated waste), and the last three scenarios 
affect the storage of dilute LLLW bcfore 
~ ~ a ~ ~ ~ r ~ ~ i ~ ~ .  

~ o ~ ~ ~ ~ n ~  are the options that were considered 

loss of one LLLW concentrate storage tank  

LLLW; 

1. 

2. 

3. 

4. 

5. 

f inactive gunite banks for storage of dilute 
LLLW, 
use of tank vaults in MVST area for storage of 
ILLW amcentrate, 
installation of new storage tanks for dilute 
LLLW or LLLW concentrate, 
shutdown or curtailing the. operation o f  selected 
LLLW generators, 
additional solidification campaigns, and 

6. use of a mobile ion-exchange unit to remove 
radionuclides lr-sm the LLLW. 
These options were cvaluatcd as solutions for 

each of the scenarios. Among t 
considered in the evaluatisn were the time and the 
costs required for itinplerne taxion. The nsi-mal 

scenario represents not only the normally 
operations (including the restart of 

MFIR) but also nonroutine D&B activities (e.g., for 
inactive tanks), implexnentation of the in-tank 
evaporation technology, and one solidification 

The results of the evaluation arc summarized in 
Table 2.4. The option to use a mobile ion-exchange 
unit was ~ x ~ ~ ~ " ~ ~ ~ ~  from further consideration 
primarily because of thc long lead time and high 
costs required for implementation, including those 
for safety and regulatory docurnentat ion. 

campaign. 

Support is being provided to the Environmental 
Projects program through management of capital 
projects designed to upgrade the radioactive air- 
emission systenlis at  BRNL. The goals of the 

rade program are to ensure that the ais-e 
in compliance with applicable 
rove performance, to ensure long-term 
ice, and to upgrade the monitoring 

systems. Projects that are undcr way or  scheduled 
are described in the following paragraphs. 

1. A project to install two additional sets of 
high-efficiency particulate air (HEPA) filters in thc 

Table 2 4. Evaluation of contingency options 
for given scenarios 

CBntingency options sclcctcd _I___.._______... .- 
Scenario Options Priority 

. . . . . . ._ .____ 
Solidlficallon cainpalgn Normal operation 1 

I'xccs~ivc gcneralion Solidification campaign 
of I I LW wnwntratc Use of tank vaulas 

Cmnstr~~ct ncw tanks 

1 
2 
3 

I os= ol 1,IA1<W conc. Solidification carnpign 
Use of tank vaults 
Construct new tanks 

sioragc tanks 
1 
2 
3 

I~kccssivc generation None required 
of dilutr: LLLW or 
heavy rainfall 

I ivn pora I or failure 
..-____l-___-_ll_..-_I_ ....__1_1_. 1 I__.. 

Shutdown sclccted generators 
IJsc inactive Giinite tanks 

1 
2 
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Retrievabile enrlg~lawment tests arc now being 
strate that WIPB can 

as a permancxilt disposal facility for 
port of this activity, 
th Protection Division at 

ry responsibility of preparing 
atisn, design, axad construction 

ading ORNL's '33tl.J waste 
g input to the WIPP 

Operation's Office for the Integrated Data Base 

D r l y  records alrid files of OKNL's solid waste 
tion nianagemcnt system (SWIMS, an 
computer data base that is updated daily), 

were searched to locate nnisplaced records and 
~ ~ ~ ~ ~ ~ ~ t a t ~ o ~ ~  of earlier burials. This search 

y packages being switched from the 

the surface) to the contact-handled 
(CH) TRW waste ategory (with ~ 2 ~ 0 0  mR/k at the 

rface). Additionally, do 
resulted in 22 Re-I-TNJ 
the earlier records 06 the 
active data base. 

A search was run on the SWIMS to identify 
CH-mU waste packages that WCHC listcd as 
containing exwssivcly high radioactivitics, resulting 
in isolation of 70 packages out of more than 2400. 
However, this small number of packages skews the 
CM-TRU waste records so much that it causes 
ORNk's CH-TRII waste to appeal more radioactive 

other DOE site and cven moire 
our a s k e d  KH-TRU waste. 
made to these records, Until 

ctual assays are pcrforxned on the CW-TRU waste 
packages, little can be done to correct thc 
inconsistencies for CH-TRW waste in the SWIMS. 

cction was taken by providing tlic 
FI with information that will hclp 

them to evaluate the user friendliness of the 
SWIMS. 

The 1989 Integrated Data Base (IDH) Rcpost3' 
ais prepared and sub ittetl to WIPB on 

of special waste stored in S S -  

Rcport.33 

(WH) m u  category (having 





te that the installation of a pW 

metals-rcmsval 

columns and to set plant 
maximize usage of the zmli 

are also being investigated. 

A study was undertaken to determine how 609"Ap 
HFIR prows wastewater 

ance criteria, Analysis of 
es that the addition of a 
tion of the ion-exchange 
ocxdures would allow 

wastewater with 

adiation and metals monitors h a w  
at various manholes throughout the 

ORNk complex and will be uscd to control the 
routing of waste streams to the appropriate treat- 
ment plants. A study was undertaken to dctermine 

itors could be uscd to control thc routing 
der, based on readin s from these instru- 

ments, and to develop alternative methods i f  the 
t was inadequate. The on-line 

n momtors wcrc calibrated, and 
recammendations were ma c to set the alarm lcvels 
so that there would be few, if any, false-positive 
diversions. At these levds, the gamma coils will 
divert at a concentration below the Derived 
Conmntration Guide (DCG) value for discharge of 

/I4) in DOE Draft Order 54QQ.XX,35 
but neither the Phoswich nor the baggie beta 

mitors will detect the XICG value of 37 B$L, 
outinc sampling will. be required to detect long- 

term low-levcl ?% contamination in the strcams, 
while the monitors will detect and divert any large 
spills. 

An On-line Voltametric Wastewater ,balyzer 
~~~~l~~~~ for measuring trace quantities of 

vy mctals in wastewater. The monitors had 
accuracy but require 

ell-trained operators. 'khercfore, 
pH was considered as a simplc 

alternative. A pH-based sampling system has shown 
that there is a high correlation between pH and 
metals contamination for thc wastewater from the 

t area. It was recommended that pH be 
the diversion criteria for waste 
ter with a pH c4.0 or H . 0  sho 

for mctals removal. Based ow the results of 
of sampling, it is expected that -3500 

of wastewater from the BV complex will be 
collectd for treatment. None of the wastcwater 

the MV complcx required treatment 
for metals. 

c e 

"T%e calcium and magnesium in contaminated 
waste streams cornpetc with strontium in nnost 
decontanaination processes, making it 

m from OWNL 





~~~~~~~~i~~~ t a m  is to develop a 
rry treatment process so that inclusion of 

LW treatment is feasible, 

t of LLLW 

The ORNL ILLW tlreatrncnt stra 
the need for centralized treatment 
proass the various LLLW strcams generated at  the 
Laboratory. Tbe goal of the long-term processsing 
task i s  to identify processes that will render the 
bulk of the QRNE-cQII~~ inated liquid waste 

for final disposal or safe release 10 the 

ation of the LLLW and the 
he MVS"l"'s i s  an i 
rowss selection. si 

made in selecting a proccss for thc 
removal of I3'C-s from these waste streams. 
Ferrocynnnide ion exchangers have been tested 
using actual MVST supernate and have removed 
>%% of the 1 3 7 ~  present in thesc solutions. 

f fesroqnanide ion exchangers in 
ultrafiltration is planned. 

g made in identifying resins 
MVST supernate solutions. 

In particular, sodium titanate has generated 
factors >IOO for removal. 

Further work is planned using organic ion-exchange 
resins for %SI- removal from the MVS'I' supernate. 

The WDF is being constructed in Building 2528 
at  ORNL to provide engineering data needed for 
the dcsign of the slurry processing systems that will 
be installed in the WITPP. The WDF will be used 
to scleet and evaluatc the methods and equipment 
that axe suitable for mobilization, transport, and 
solidification of the TRLJ sludge contained in the 
MVSTs. Tests will be conductcd using a 
nonradioactive surrogate sludge that simulates the 

hysical properties of the MVST 

I? will include a 25,000-gal moc 
ppsrting equipment such a 
strumentation for testing and 
~~~s of sludge nzobilimtion. The 

system initially will be set up for testing fixed-point 
jcts (water os supernate) and jets 
scavenging robot for sl 

esting of processes for conan-  

Promscs  that will be evaluateell for sludge 
solidification inc 
evaporation, micr 
facility will also 
evaluation of instrumentation critical ta the 
certification of ah 

P rows  flows have been developed; 
preparation of ~~~~~~~~~0~~ for instrumentation has 

installed; and installation of ~ ~ ~ ~ ~ t ~ ~ s  
steam, and electricity has b 
requiring long delivery time has 

drying of the sludge and supernate, 

b ~ n  init iatd;  the 25,IXX)-gal model 

a 
A common problem of long-term storage of 

high curie content. Tkis i s  true of the 
stes is the f~~~~~~~~ 

ORNL MVSTs, which have all 

e objectives of this daevclopmemt 
: (1) to remove abe 
(2) to t r ~ n s ~ ~ r ~  
and (3) to prepare 
rnatc there that will yield a 

that meets the WHPB waste- 
acceptance criteria. 

are 18.3-m- (60-ft-) long 
(12 ft) in diameter, with 

tank center. The 
etry s f  the tank, 
pose significant 

challenges to sludge mobilization. 
have been under study in a one-sixth Binear-sale 
model of the MVSTs to mobilize and remove sludge 

etry. Tlhe first technique involves the 
introduction of a high-pressure solid stream spray 
iiozzle into the tank through the manway IIL 
conditions in which the tank is  nearly e 

ted to direct the slurry of liquid 
the manhslc area where it is 

pumped from the tank. This was the method used 
sm~ssful ly  in the Gunitc Tank Cleaning 
~~t~~~~~ the shapc of the Gunits: tanks was 
different. The second technique is mort 

tal arid involves the use of an 
available robot that travels along the 

k, pulling its own suction line and 
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VOLUMETRIC FLOW (L/rnin)(254-cm.--diam pipe) 

20 40 60 80 

VOLUMETRIC FLOW (gal /min)  

Fig. 2. ]I 1. Coiiiparison of Thomas model predictions with 
slurry flow data. 

bjecxiva of the conventional 
ent task are to determine the 

stration tests. These tests have used ~ ~ ~ i ~ ~ ~ ~ ~ §  ad 
turers to determine the appliability 

centrating the surrogate 
waste. Those items that a te  most promising 
evaluated in pilot tests at the WDF. 

ration tests have b a n  conducted 
thin-film evaporator, a horizontal 

ator, and an extruder. 
The agitated thin-film evaporator uses a rotor 

to spread a turb n layer of solution over the 
heated surface, tests of both vertical and 
horizontal units indicate that the thin-film 
evaporators can be used to product: either a. thick 
pasta or  a p ~ w d t ~ .  Use of a thin-film evaporator 

the need to evaporate the liquid and 
separately and may replace the kettk 
mifiaed in the Preliminary Conceptual 
rt? nin-f i lm evaporators will bc 
ted in the WDF. 

n-screw ~ ~ ~ ~ ~ d e ~ / ~ v ~ ~ ~ ~ a ~ o ~  was evaluated 
as a process candidate €or drying and melting 
MVST waste to meet waste-form criteria. Tests were 
s t r u c t u r ~  to evaluate versatility of the extruder 
to (1) dehydrate the agate waste and prodas  
a ~ ~ ~ ~ ~ ~ ~ ~ / ~ ~ a ~ ~ ~ a  product that was melted in a 
semnd extruder, a 
slurry in a single step. The extruder proved capable 

(2) dehydrate and nndt the 

of operating in both modes. In each mode, the 

ges of the extruder 
eration. A decision 
include or  exclude 

The conventional evaporation flowsheet of the 
F is presented in Fig. 2.12. All major 

the extruder from the W>F testing. 

ts for this system have bee 
construction has been initiated. 

Microwave processing of surr 

Both batch and 

a PC-based data acquisition and control system will 
be used. The one-third-scale microwave system 
flowsheet is shown in Fig. 2-13. 

A full-scale applicator capable of processing a 
55-gal drum of surrogate has been designed and will 
operate at 60 kW and 915 MHz in the WDF. Data 
from the one-third-scale experiment will be used to 
optimize the design of the full-scale equipment. 

eri rod 

'IBe LLLW cormtaincd in the MVSTs i s  
composed of an alkaline, sodium nitrate-based waste 

a TRU sludge oil the bottom of each tank. 
s are to evaporate a blend of the sludge and 

nitrate-based aqueous waste by either a low- or 
ure process to form a salt monolith 
to WIPP. In prcparation for this 

oratolrgr tests have been run on salt 

rature prsmsses to obsewe product properties 
HPP certification- 

products gcneaat from either the low- or high- 

testing has been 
products developed from a nsnradialogial surrogate 
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rum for discussion of a varicty of 
in generating the alternative 

te, more than 38 diagrams have 
and more than 20 are complete or 

e prepared by the 
BBE/ORO, and 

divisional team, which 
enerated the D&D Five- 
h 1989 milestonc. Later 

in the year, a second umcmt, the I)<liD Strotegy 
er,4* was issued for iagement review, meeting 
t h ~ r  significant mi 
A third major document has been prepared. in 

draft form-a plan outlining the RD&D needed to 
support an ORGDP D&D Program with the 

paint smnario of re sing the buildings at 

nergy Systcms to 
tized nceds. The final ranking of 

d was determined 
merit, (2) project 

raft of the DOE 

form and will be receiving management and 

Other activities in support of the DStD 
am include definition of potential DBsD 
D projects for submission to the DOE 

RDI)T&E Ron and for consideration for funding 
from the HA% Program. Technical support 
and planning Is0 been provided to the 
program for defining and ing demonstrations 

has potential D&D 
onstration was also 

h the Center for 

p r Q ~ r ~ ~  E V k W .  

surfam at ORCDP. This mapping effort is  
expected to continue. 

The ~a~~ objective of this task is to devels 
model for cost estimation for the D&D of ~~~~~~~~s 
K-25, K-27, K-29, K-31, and K-33 in the ORGDP 

proce..~ models, Physical characteristia of the 
buildings and the wrrmpoaadi 
available. Partial-cost mod 

stored in a data base syste 

a MicroVax machine. 

t, a commercial 
]le machines. Text files that deliver 

additional information on the ~ ~ ~ ~ ~ a ~ i ~ ~ t j ~ ~  
ated with the same system. The 

will be performed with 
grams that will also be 

interface, Intellect, that will allow the data base to 
bc queried in mmmon English language, t ~ ~ ~ ~ ~ y  
sadisfying the user needs for different methods of 
~ ~ ~ $ t ~ ~ ~ i n g  the data base, 

The main objective of this task i s  to 

and waste streams that would 

s i s  to evaluate 
cered in ORW D&D activity. 

ORNE comp8ex. 4 1  of the proposed technologies 
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6430.1&42 caused the program manager to 
d further work and defer the other three 

work elements until their impacts on schedules anid 
budgeB could be assessed. 

The Mctal Recovery Facility (MRF) at  ORNL 
was a pilot- and small-scale production reprocessing 
plant that was operated during the 1950s. The 
facility was primarily used to recover fuel and other 
nuclear materialls from a variety of low-burnup feed 
materials, Simx facility shu~down in 1960, the MWF 

iarikailraed in a protective storage mode, 
t ycars it has becn part of the ORNP, 

Surplus Facilidics Maltaagemiieni Program (SFMP). 
In 1986, all process piping and equipment were 

removed from the facility cells and disposed of as 
e. The initial plan for this reporting 
contaminate one of the facility cells 
ifiation of the surfaces with high- 

jets, This decontamination activity 
to be conducted by Chem Tech's 
n persorinel in early Fn' 1989. To 
g of the decontamination activities, 

of the concrete in G were taken and 
Beach& at 95°C for 2 h with er water or  a dilutc 

solution. Aliquots of the leachates were 
analyzed to dctesmine the soluble radioisotopes 
present; the results are given in Table 2.6. These 
results indicate that the radioactive species present 
are largely insoluble in water and could likely be 
effectively removed from the water used for 
scarification by simple fil on. Alpha scans of the 

>XI% of the alpha 

rly Ey 1989, the fun 
se an outside ~ ~ ~ ~ ~ ~ t ~ ~ ,  rath 

peRWnnd, to COndUct the 
e Activities to conduct 

Table 2.6. Analysis of leacham from the Metal Recovcry Facility 

Water leachate HNO, leachatz 
Analysts (Rq/g concrete sample) (Bq/g concrete sample) 

.... ..-..-II__ "c- 

firm alpha < 10 2140 

G r m  bcta < 10 75 

Gamma scan 

< 20 c 20 

z'lARl 1340 

1 3 7 ~ s  

the transportation of 

m Tech has prc~vided assistance in 
ling can a core of expertise 

scrutiny from DOEIORO in its management of 
radioactive materials activities. T h i s  

OWNE activities in this areaL, Chcm Tech provided 
support for this effort the chairman of 
the project team as w 

scrutiny resulted in a 

c a s  and ~ p ~ b ~ ~ ~ ~ i ~ ~ .  
Systems was ~ ~ ~ u l t  

n problems on a five- 
by DOE/ClRO for 

ems. Energy Systems then turneta to 
for assistance in m plement ing this 
staff has been d icated to simpport 

them in this area. 

The ORPJL transportation system is a c ~ ~ n p l e x  
mix of ~ ~ ~ a ~ i ~ a ~ ~ ~  s and interactions devoted lo the 
safe and efficient movement of materials within and 
from the ORNL site, Materials which are 

clude a wide variety of hairardous 
as radioactive and hazardous wastes, 



ive and hazardous 
that exists has res were mrr 

r these issues 

tions functions 
inance and Ma 

lish and adver 
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had resulted in i 
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schedule performance. The team reviewed these 
problems and suggested these actions: 
1. The ORNL divisions should retain responsibility 

and be held strictly accountable for performing 
certification functions. 
'The responsibility for coordinating cxrtifkatiox? 
activities on an BRNL-wide basis should be 
assigned to the: Transportation Opcrations 
Manager. 
A written procedure should be developed for 
processing and approving package safety 
documentation within ORWL. 

2. 

3. 

Compliance with the requiremcnts for shipping 
hazardous materials is dependent on the level of 
training that personnel performing the functions 
have. The critical role of training was recognized, 

sure that adcquate training was provided, 
the following remmmcndatisns were made: 

1. All employees s suld rreceivc an introduction to 
~ a ~ ~ ~ ~ u ~  materials transportation requirements 
(what is considered hazardous, what off-site 
transportation is, where to go for assistance) as 
past of thc General Em 

2. Appropriate training courses should bc 
developed and given to all personncl involved 
in preparing hazardous materials shipments 
(graduated to the degree of thciir responsibilities 
in these functions). 

l%e final area examined was that of QA, 
ance was found to be generally 
needing improvement in relation to 

the procurement, inspection, and documentation of 
U.S. Department of Transportation (DOT) 
specification packagings. Many of the packagixngs arc 
procured on a price-competitive basis, and 
insufficient atten tion to quality could leave ORNL 

a noncompliance situation. It was recommended 
that a comprehensive vendor qualification and 
inspection program be established to emsure that 
procured packages fully comply with regulations. 

The rwmmendations of ~t 

id& the basis for p 

~ ~ a t ~ o ~ ~  were prcsente 
QRNL Executive Committee for its information and 

clarifications were made in the 
rt,43 and it is now serving as the 
nting the changes needed. The 

report has been well received arid is being smoothly 
put into place. Several of the organizational changes 
hays: been instituted, in ing the cstablishment of 
the Chem Tcch t r a m p  n focal point. The work 
of the project team also been recognized 
through presentation of the President's Award for 
Performance Improvc 

inning with the third quarter of %"II' 89, 
Chem Tech has pr vided technical support to thc 

nologies Group irn the 
central staff through t spor tat ion 

and Analysis (Ec&A) Section. Involvemcnt stems 
largely from earlicr ORNL transportation and 
packaging PIP activities under the leadership of the 
'I?anspcsrtatioaz Technologies Gxo 
PIP remmmendatisns originally in 
were adopted by the a n t r a l  sta 

plant sites, Principal among these is  
the position of Transportation Safe 
the central staff 
Installation Transportation Operations 
(ITOM) a ~ d  Installation Transportati 
Maaaagcr (ITSM) at  each of the 
BRNE, the Oak 
Diffusion Plants 

ing chOFdai 

led by the other four Eltaerg~ System?; 

tablish central management 
tion and packaging safety 

ts of contact for 
transportation and pack tions and safety 
at  each of the five plan 'ISM reports to 
the Facility Safety Manager (FSM) in the 

nQ Safcty Activities (ESA) or- 
mitiori was staffed in mid-August 

from Chem Tech to the Energy 
tral staff ineludcs one full-time 

om the Transportation Technologies 
major support functions are provided: 

is Reports (1) independent review of §afety 

thc TSM. 
for Packaging (SAM%) and (2) tc SUppQlrt to 



other nuclear 

tern SARP re 

ement of inde 

for conductin 

were essential 
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Defueling Monitored Storage (PDMS) phase, which 
beginning at 7341-2 
~ n t a ~ i n a t i ~ n  operations in the reactor and 

a ~ i l i a ~  buildings at TMI-2 were also essentially 
completed during this report period. In support of 
part of this work, Chem Tech personnel completed 
and reported on the “Analysis of Data from 

ncrete Samples Taken from the Three 
Unit 2 Reactor Building &wment.”41 

The DOE financial support for the TMI-2 recovery 
project ended on September 30, 1989. 

The overall objective ~f this program i s  to 
and evaluate inorganic membranes for 

ng gases at high temperaturcs and pressures 

ply porous membrane technology to 
of various gases present in coal 

gasification processes. Major parts of the program 
include (1) assessing the status of R&D activity 
r c l a td  to gas separations using inorganic 
membranes; (2) identifying and selecting candidate 
membrane materials; (3) fabricating and distin- 
guishing physical. characteristics of candidate 

es using specialized techniques available at 
the separations 

brant3 in terms of 

and/or in hostile process environ 

~ e r ~ ~ ~ i l i t ~ ~ ~  and flues of gases, 
a i s  gas produed in mal  
may contain hydrogen, arbon 

ater, a r b w  dioxide, h 

able literatim and other information 
membrane R&B in gas separations 

rane materialls 

materials for ~ ~ ~ a ~ ~ i c  oxide membranes are alumina 
and silica. Some membranes contain mixtures of 

ith other oxides such as zirconia or 
titania, Alumina is also ~ ~ ~ ~ ~ e n t ~ ~  us& as the 

esign and construction of a test apparatus 
for measuring the gas permcalailities of membranes 
ab high temperatures to 500°C) and pressures 
(up to 4 MPa) were Ieted. A flow diagram of 

2.14. Gases are 
gh high-pressure 

Id. Pressures are 

embram ~~~~~~~~ in an outcr 
eratures are measured with 

Exit gases are cooled with heat 
gas chromatography. 

Shutoff valvcs are operated by air-con trolled 
actuators, supplied through solcnoid-operatcd valves. 
The recordcr/con t rollers, t herrn couple readouts, 
and valve switches arc installcd in a separate 
instrument c;9binct. Efforts are now directed toward 
developing the necessary metal-to-ceramic seals for 
attaching the membrane specimens to the test 
apparatus, 

During the past year, significant irnprovenients 
rimting aliimina membranes at 

ORGDB. Thc average pore radius of the 
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/disposal scenarios can be 
pidly using "English" queries by 
t traineA in data base or modeling 

the X-10 site. More 
accurate predictions were obtained by both neural 

the standard approach, a regressive 
del. The NeuralLVork program 

a sanitary waste @eabmePzt system---A 
a combination of an expert system 

a neural network, was used to develop a 
diagnostic and solving system lc~r an 

sanitary waste treatment system. By 
tling rates and appearance factors 
he clarifier, the neural network can 

dctermine w h e t h ~ ~  a problem exists and identify its 
auscs. Once a problem appears, the expert 
systen/neural net identifies the causcs of the 
problem and indicates the proper procedure for the 
operator to take to correct the problem. 

e best results of the three methods. 

grams 

The ITP of Encrgy Systems provide technical 
support to DOE and other federal agencies 
concerning foreign nuclear technologies and their 
implications for international nonproliferation 
agreements and multinational organizations involved 
in furthering the peaceful uses of nuclear energy. 
Chem Tech is providing technical support to ITP ixn 
areas related to the nuclear fuel cyclc, including 
waste management. Although Chcm Tech has a 
longstanding relationship with IT", recent events 

needs such that multiple full-time 

Tech staff contributed to an evaluation of 
and security considerations for the 

DQE/ocRWM waste management system.#  his 

working on ITP matters. 

work evaluated the reference OCRWM system 
against applicable safeguards and security 
requircmenl;s. Seventeen activities were recorn- 

to resolve the various iss 

inivolved in formulating esnwpt 
ccaning the termination sf safeguards on radioactive 
wastes as a basis for the U position in meetings 

ternational Atomic Agency (IAEA). 
The specific issue address 
basis for terrnina 
waste stream a uamtifying this as 

f@ rcCe'XBtXy, Chem Tech s 

riteria.. During the c 

nd present4 as a 

recently &~smpleted. phase involves develo 
d o c ~ ~ ~ ~ t i ~ ~  a baseline description of the A K I S  
process suitatole for further ~ ~ a l ~ ~ a ~ i ~ ~ * ' ~  

e 

During 1989 the 
Energy very quickly ch 
addressing the waste p 

he book measures to (1) centralize 
t of waste-related matters at DOEHQ, 
the budget for waste ~ a ~ ~ ~ ~ m e ~ t  and 

environmental restoration on DOE sites, and (3) 
of 

waste-related RDDT&E. With specific re the 
latter, DOE initiated the preparation of a 
comprehensive RDDT&E plan. This was accom- 
plished by establishing 17 teams comprised of 
technical staff members representing all DOE sites, 
These teams were typically d 
specific type of waste-related 
was responsiblc for identifyi 

greatly enhance the importance and 





'The DOE Office of Emiron 
Wealth (ESptH) has the oversigh 
ensure that all aspects of environ 

d DOE activities 
DOE Order 5480.3'' establishes the 

kaging and transpor 
substanm, and 

DOE OperatiQnS. h O W  
in the order (and 

a subsequent draft of a seplammemnt order) are: 
1. 

2. 

3. 

4. 

5. 

eit  safety and coin 
assessment of DOE'S tramp rta tion operations, 
including the packaging a transportation of 

point of contact a 

s and other agcncics; 

and support to all 
tions in mattcrs 

~ ~ ~ ~ t ~ i ~ i ~ g  to packaging and transportation; and 
support safety appraisals of DQE nuclear 
facili t im. 

SELECT 
APPRAISERS - APPRAISERS 

ti0 PARTICIPATES ~ - - 
IN APPRAISAL 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

t 

Pr 

ing and Transportation Safety 
by CRcsnr Tech's TTG 
ic SeqlAenw, Fig. 2.16, 

was defined for major PAT'S activities. The csiti 
path for key activities is shown in the center 
sequence on the logic diagram. The other two 

en= display parallel activities supporting the 
T I C  top sequence dcpicts the 
scheduling rrmew5sar-y to direct 

program manager's needs. The bottom sequence 
depicts activities rcquired to devclop the resource 

ecessary to support the ragram. From the 
be PATS Program was divided into 
own Structure ( 
rad a schedule 

developed, A PATS Program Management Plan was 

nner responsive to the 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ - -s LEADS 
EVALUATION I 

I 
I I 

I UPDATE NEW I 
I APPRAISAL TRAINING 

I 
I 

IDENTIFY SELECT SITES: 
AND m- SCHEDULE 
PRIORITIZE: APPRAISALS 
SITES 

UPDATE 
OUARTERLY 

ESTABLISH 
SITE APPRAISAL ---+ 
SCHEDULE 

Fig. 2.16. A logic sequence for the PATS Program. 
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procedures for transport. Visits were made to the 
Southeast Chusiers Sec at the Y-12 Plant and 
the Transportation ty Division at the 
Albuquerque Operations Oflice to evaluate response 
and recovery plans. BATS stafl made recommenda- 
tions for additional transport controls and 

ergemy and operating procedures to mitigate the 
potential safety problems resulting from the amique 

package and transport vehicle. ESSrH-I 
with a detailed evalaiation of the 

System Safety Assessment docuanent prepared for 
the shipments, and a visit was made to the 

spartation Safety Division at the Albuquerque 
Operations Office was performed to verify that the 

s for transport controls and 
perating prscmhres were cxecutcd. 

ES&H authorized P e first of these shipments, atid 
they werc complete in August without incident. 

Activities related to regulatory responsibilities 
of the PATS progrann have included (1) analysis of 
DOT regulation 49 CFR Pt. 1'93.474~~ and its inter- 

activities. 

At is working vith Tech 
PATS a data base ai, 
information ~ ~ ~ ~ ~ ~ ~ ~ ~ t "  Data d e  

rrnation related to 
appraisal activities and T ~ S O U ~ W S ,  includi 

information on DOE facilities, their trans- 
portation prsgrams, and unique characteristics 

3. data on PATS appraisers, their trainin 
raisals, and other pertinent 

The '~ranspcartatim Capability A~scssm 
System was transferred from Oak Ridge Associa 
Universities ( O M U )  to Chc 

'ns the resumes of experts in ma 
o r t a t immla td  fields and is being used 

Tech. The data base 

help in selccting technical specialists for the PATS 
Program. 

During the last several years, Ch 
had a leader5hip role in the waste-re1 
all of QRNI,. This has occurred because of Chcm 
Tech's historical olvement in waste 
dating back to t first days sf fuel 
and tkc need to manage the resulting avastcs. 

Chem Tech staff 

related R&D activities resulted in the transfer of 
out of Chem Tech and the 

arate waste management R&D 
he middle of CY 4989. However, 

csntiniues to be heavi 
t of ORNL waste-aclat 

e program managers comprising 
anagement R&D program are 

Oak Ridge National laboratory has fostered 
significant process design, development 

and waste manag 
as been offered to 

by working through the 
( I I W P )  (scc Sect. 3.1.3 of 

era1 large-scale demonstrations 
Air Force and Navy sponsors 

These types of projects make excellent use of 
Chem Tech capabilities and provide a synergistic 
effect for both the DQD S ~ ~ ~ ~ S Q H S  an 



Technology and lessons learned from these After startup operations were completed in 
demonstrations are being transferred to new demon- October 1988, an experimental program was 
stration projects o n  the ORR where the expericnce conducted through May 1989. The objectives of the 
gained can be put to use remediating leaking burial air-stripper tests included evaluation of new 
grounds. The WFO projects provide an  opportunity packings, evaluationldcvelopment of performance 
to develop diverse training, conduct and publish correlations, and demonstration of long-term 
exciting work, and extend the capability of Chem operability. In the carbon adsorption and catalytic 
Tech. incincration tests, the objectives involved evaluation 

Selected projects are described in this section. of different types of catalysts, performance corre- 
The air-stripping project was successful in evaluating lation evaluation, and determination of the behavior 
several unit operations in a field system. This work of a multicomponent feed to thcsc emissions control 
is being expanded to  include an Air Force base units. 
(Am) in Michigan. The soil-venting project In the packed-tower air-stripper tests, four 
demonstrated the versatility of this technology at  a different packings were evaluated. Pall ring packing, 
base in Utah. Rcverse osmosis, a novel approach to a standard random packing for which performance 
cleaning metal plating waste, was demonstrated for corrclations are  available, was used as the base case. 
the Navy. Finally, thc analysis capability of ORNL The experimental results were in good agreement 
was used to Support environmental surveys at  with the predictions o f  the Pall ring corrclations. 
several rhmas over the revicw period. The performance characteristics of three structured 

packings, Delta SW, KOCH/SULZER, and KOCfI 
Elcxaramic packings, wcre detcrmincd. For I hc cighl 

Ah' Stripping with Emissions Control volatile organic compounds (VOCs) of jet fucl t h a t  
were specifically monitored, the KOCI-WULZER 

The primary objective of this project, which was packing produced the lowcst values for the hcight 
conducted for the Dcpartment of the Air Force, o f  a transfer unit and, consequcntly, the hlghest 
was to field test innovativc air-stripping techniques, removal efficiencies. All packings showed cvidencc 
such as rotary air strippers (RAS), and materials in of iron deposition [the groundwatct- contained 
concert with cmissions conirol technologies - 1 0  pprrl, (10 m@g) of iron]. In particulnr, after 
(catalytic incineration and granular activated carbon) 1 month of continuous operation, a signil'icant 
for the areatrnent of groundwaters contaminated fraction of the  cross-sectional a r m  o f  t h c  Delta SH 
with organic compounds, packing was p lugcd  by iron dcposits. For air 

The ultimate goal of the program was to stripping o f  groundwaters containing high 
provide managers and engineers who arc responsiblc concentrations of iron, pretrcatmcnt ol' thc 
for groundwater cleanup with design information for groundwatcr o r  frequent cleaning of the b!rippcr 
fulf-scale implementation and to providc a direct packing will be necessary. 
comparison with technologics and materials tested In the RAS, groundwater is driven ttirougli thc 
in prcvious Air Force studies. A secondary objective packing by ccntrifugal force. Two types of' packing, 
was to  develop a manual to aid the major a wire mesh and a metal gauze packing, were 
commands and base-level decision makers in the evaluated in the RAS. The RAS produced vcry high 
selection of an appropriate remcdial action. This rcxnoval cfficiencies. For example, 3 ccrt:iin 
guidance manual will focus on comparing fractional removal of a VOC could bc clfectcd ovcr 
pump-and-treat tcchnologies but will briefly dcscribe a radial distance (in the contacting clcmcnt of I hc 
other viable alternatives. RAS, fluid flow is in thc radial dirccrion rarhcr 

A packed-towcr air-stripping system, which than the axial direction as in t h c  packcd towcr) 0 1  
included an  activated carbon adsorption unit, was -3 cm in the RAS, as compared with ;t hcight o f  
designed, fabricated, and installed on a portable skid -60 cm in the  packed-tower stripper with Pail ring 
at  ORNL. Also, a trailer was outfitted with packing. Because o f  the small hydraulic diamctcr of 
analytical equipment and a data acquisition and the paclung, the RAS was particularly susceptible t o  
analysis system. Thc skid and trailcr, along with a iron deposition. As in the case of the packed-towcr 
purchased RAS and a leased catalytic incineration stripper, pretreatment or cleaning will be required 
unit, were shipped to Eglin AFB in Florida in whcn utilizing thc RAS to treat groundwater with 
August 1988. The test sitc at the base was the fuels a high iron content. 
storage area where the groundwater had becn The performance of the catalytic incincrator, 
contaminaled by a spill of JP-4 jet fuel. used to destroy the VOCs in the cffluent air f rom 



the air stripper, was adversely affected by the 
of volatile sulfur compou 

ater [sulfur concentrations as 
ppb, (0.8 m@g) were measured]. Conversions were 
only on the order of 20 to 30%. The catalyst 
evaluated was a noble metal-based catalyst, A 
sulfur-tolerant cgta will be rcquircd if catalytic 
incineration is ut r emissions control whe 
a significant sul ncentration exists in the 
groundwater. 

In the tests with activated carbon, used to 
adsorb the VOG in the effl t air from the air 
stripper, a significant increas 
obtained by operating ad a 
(obtained by preheating the 
bed). A molecular sieve adsorbent, which was also 
evaluated9 had a lower apacify thana activated 
carbon. A potential advantage of this adsorbent i s  
that it a n  be regenerated in situ with ozone. 

A draft of the lifinal report was mmpletcd 
delivered t~ the Air Force project officer for rev 
As part. of the guidance manual, a spreadsheet was 
developed that will allow AFB personnel to perforin 
preliminary design and cost estimates for an air- 
stripping system with emissions control. The user 
will have the options of the type of air stripper, 
which may be a conventional ~~~~~~ tower or an 
RAS, and the type of emissions control, which may 
be arbon ~ ~ ~ ~ ~ ~ t ~ ~ n  or  catalytic iwc 

etcrs, the spreadsheet may 
ivity analyses. A draft of the guidance 
hc delivered to the Air Force project 
e end of 1989. T h i s  project will be 

cnts have been inax-  

order to study the effect of unCZ=rta 

completed when the (=o 

porated into the final ort and the guidanrx: 
manual. 

A promising technology for the remediation sf 
unsaturated Z Q ~ C  soils wntamina 
in situ soil venting. In this te 

through the soil. The air 
that is present in the soil, 
ium that exisas between 

sorbed onto soil particles, 
(2)  arc dissolvcca in the water in the soil pose space, 
(3) exist as a liquid hydrocarbon phase, and (4) are 
present as vapor. This results in volatilimtion of thc 
contaminants and subse ucnt removal im the 
airstream. In situ soil venting, which i s  most 

applicable to soils of high ~ c ~ ~ ~ ~ ~ ~ b i l i t ~  
taminants of high volatility, may be a cost 

conjunction with the E 
Division (ESD) and the IHe 

cleanup efficiencies attainable by soil venting and to 
define operating, cost, and system design parameters 
for application of soil venting at other sites. 

The site selected for the li situ soil-venting 
study was a fuel storage area a Mill AFB, BJtah, 
where 102,000 L of JB-4 was spillcd from an 

gc tank in January 1985.. Bascd on 
a site characterization and a 

one-vent pilot test that was conducted in January 
1988, a full-scale in situ soil-venting system was 
designed for collection of data and cleanup of thc 
JP-4 contaminated soil. 'Ihe venting system 
consisted of three subsystems (sce Fig, 2,1'7): (1) a 
vertical vent array in the area of the spill, (2) a 
lateral vent system under a new concrertc pad arid 
dike that were constructed for the tank5 aftcr the 
spill, and 43) a lateral vent system in the pile of soil 
that was retained after excavation of the tanks. This 
design included features that permit cvaluation of 
several factors affecting contaminant transport and 
subsurface airflow. 

A blower/ernissi tral system was installed 
for ~~~~~~~g airflow three subsystems and for 
treating emissions 

min) of gas from the 
three subsystems. In order to protect against 
potential hamrds presented by combustible gas 
mixtures, name arrestors were installed at the inlet 
to each blower. The ers were COrtntPOlled by an 
automatic ShUtdOWW based on ai comblastibk 
gas detector. '11ks catalytic oxidation units were used 

r conversion of the jet fuel hydrocarbons to 
r b ~ n  dioxide and water before discharge into the 

ropane-fired units differed in the 
configuration of their catalyst be 
fluidized-bed design and the other a fixed-bed 
design. The units were cvaluatcd in terms of 
emnomia and reliability, as well as 

A knockout drum, 
e also included in 
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1 190 21 21 243 74 

Fig. 2.19. Relative weight fractions of hydrocarbons in extracted soil gas samples from soil venting. 

logical activity. To 
ioxide and oxygen were 
s. As seen in Fig. 220, measured in the ex1 

high CO, (11%) and low oxyge 
initially measurcd in the soil 
continued, the CO, levels decr 
levels increased. Carbon dioxide 

r of magnitude higher than b a c ~ g r o u ~ ~ .  
of CQ, concentrations up to June 6989 

indicated that bioact tributedl up to 28% of 
total hydrocarbon . These results are 
important because th that biological activity 
may continue to be significant despite no addition 

radation may prove to be the 
ination sf heavicr compoui~ds 

d in the Hill AFT3 in situ 
ion have shown that this 

F removal of large 
amounts of jet fuel from soil in a relatively short 

of time. Soil samples that arc to be taken 
he t g ~ ~ i ~ a t ~ o ~  of ORNL operation of the 
will allow evaluation of the effectiveness of 
rbon removal to that point and will provide 

the basis for determination of site remcdiation 
economics, M e r  the site characteri7~tion activities 

4000 I 100,000 I 2,000,000 
10,000 1,000,000 

AIR EXTRACTED (m3) 

Fig. 2.20. Variation of oxygen and carbon dioxide 
concentrations in cxtracted soil gas from soil venting. 

have been completed, the system will be operated by 
Will 

tion of a litcratlmre review of soil-venting 
technology, a technical report of thc demonstration, 
and a guidance manual for applicability of thc 

at other sites is scheduled for early 1990. 

personnel for remediation of the site. 
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flushed after thc completion of a series of 
fire-training exerciscs. Recommendations made to 
the Air Force included (1) modifying the flushing 
procedure in order to obtain a cleaner pit following 
the training exercises, (2) allowing a proper amount 

ebvecn training exercises to pro 
separation of organics from the water, and (3) 
conducting bench-scale studies to determine 
methods to stimulate biological activity. 

ic t or 

The objective of this project, which is a subtask 
to the "Air Stripping with Emissions Control" 
project, is to analyze, evaluatc, and report on 
operating data from a full-scale catalytic destruction 
unit at  Wurtsmith AFB, Michigan. The catalytic 

is used to control the gaseous emissions 
-stripping unit that is removing TCE and 

groundwater. l%e evaluation will 
determine the destruction efficiencies of the 
preheater and the catalytic reactor. The catalytic 
destruction unit will also be studied to determine if 
there are any products of incomplete combustion in 
the effluent of the preheater or in the effluent of 
the catalytic reactor. The evaluation will include the 
collection of accurate costs on the operations and 
maintenance of the catalytic system. ?'he projcct will 
require preparing a test plan, performing thc tests 
dcscribed by the test plan, submitting monthly 
progress and cost reports, and producing interim 
and final reports. 

The test plan prepared for this project was 
designed to obtain samples that will dcterrnine the 
destruction efficiency of the incinerator as a 
function of (1) the operating temperature and (2) 
the service time of the catalyst. ?'he study will 
involve evaluation of a catalyst that has been in 
service for -18 months and evaluation of a new 
batch of catalyst for comparison purposes. Sampling 
of the incinerator by EPA Method 38, known as the 
Volatile Organic Sampling Train (VOST), will be 
performed on an approximately quarterly basis over 
a period of -20 months. The VOST collects VOCs 

and tcnax/carbon traps. The organic 
compounds are removed from the traps by thcrmal 
desorption or by methanol extraction, dependin 
the anticipated amount of components t 
adsorbed on the traps, and analyzed by gas 

hy. A total hydrocarbon analyzer will 
be used on-site to continuously monitor the 

concentration of organics in the airstreams. Since 
mbustim products of chlorinated 
e hydrochloric acid and chlorine, 
ingle Institute was subcontracted to 

t-s using a new method 
of analysis it had developed. 

The first series of sampling has beas completed, 
and the samples are being analyzed. It is anticipated 
that six more sampling series will be conducted to 
obtain the necessary data for the evaluation of the 
catalytic destruction unit. 

The NOS i s  an industrial facility that produces 
new ordnance hardware and reconditions hardware 
already pilaced in service. Operations in the NOS 

achine and tool shops, (2) a 
ty, (3) a variety of pain 
s, (4) assembly areas, and ( 5 )  test and 
as. A ~ p r ~ x i ~ ~ n a t ~ l y  2300 m3 (6 

gal) of wastewater per day is produced by 
processes within the NOS. This ~ ~ a ~ ~ ~ w a t ~ r  11s 
discharged to the local sanitary sewer, which is 
regulated by a local Metropolitan Sewer District 

had established discharge limits 
reports have indicated that the 
astewater (and primary area of 

concern) is the discharge from the in 
shop within the NOS. This plating s 
-1100 m3 (300,000 gal) of wastewate 

Because construction of a new p 

shop was not cwn 
Naval Energy and 

use of innovative 
that would minimize the voluasrie of wastewater 
generated from the plating processes and maintain 
compliance with the MSD discharge limits until the 
new plating shop is put into opcration. 

Chem 'Tech was contracted by NEESA to (1) 
analyze the problems at the NQS plating shop, (2) 
recommend solutions to these problem, and (3) 
R ent these solutions. 

Studies at NOS 
major pollutant from t 
the major sources of chromium contamination 
within thc plati 
the operation of 



llation a€ a c 

ains -75% l a  
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th waste stra 
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begun. of buoyancy effects on vertical-heated, 
base, core-flow, heat transfer ratcs. 

I 

The Develop men tal Light - Wa ter Rcac t o r 

qlcch+ IPS objectives are to Qetermilric the feasibility 
an LWR with major improvcments in 

and radical improvements in safety. The 
program was initiated within Cltaa:aai 'll'cch because of 
a series of inventions by its staff= 

mental reactor, by dcfinition, refers to 
are adva nccd enough 

on reactor may be 
. T h i s  implies initial 

is not a single reactor concept; i t  
Is, including PRIME safety goals. 

(Dl.,WR) progra i s  an ongoing activily in Chem 

application in the 2OOO to 2820 time frame. 

1. 

2, 

3, 

4. 

- Passive safety. The DkWR should be designed 
to have only passive safety systems (no electrical 
or moving mechanical csmponents). T h i s  

most PlmcchanicaO 

WR safety and 
operating systems must be resilient ( i c y  activate 

transients). Safety systcms should not interfere 
a1 operations or  create other 

incentives to 

whcn required, but not during normal plant 

R safety systems 
should have inherent safety whe 

a ~ ~ ~ ~ ~ ~ S  (such as those 
rcactions) and their associ 
I_ 

design objective also mvcrs all operator errors 
and inaction, 

extended. time perm 
accident without human in 

safety goals and 
reactor. Various SSCS arc ~~~~~~~~ to meet the 

requirements for plant o 
top, or mitigate a reactor 

er rcxtor SSCs 

conapts, and 
evaluabc SSCS and reactor concepts eo define 
preferred opt ions. 

3" 

Cancrete Reactor Vessel (PCRV), (2) the Fluidic 
In-Vessel 

re Mela murce &eduction %stern 

all reactor safety systems are 
e PCRV that protects the 

reactor from violent internal and external threats. 
PCRV design is based on work in 
ther type of IDEWR.@ me interior 
ascl has a shape similar to that of 
le with a diameter of 13.5 rn and a 

height of 35 ni. Vessel walls are 7 m thick. The 
PCRV is held tsgcther with both prestressed steel 
a b l e  and steel rebar, but it is designed SO the  loss 
of either cables or rebar will not result in vessd 
failure Multiple design fealtuses emsurc leak-tight 
integrity from the vesseL AH pressure vcssel 

ency Core cooling Systcm (FIVES), 
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velocities into the vortex casing, causing the water 
circle. The centrifugal forms create 

res near the outside surface of the 
and lower pressures near the 

c hot/cold water interface that 
borated water from reactor coolant is 10 

ES water pump system during 

feature (SSC) of the 
nce9 the interface position. 

is the COMSORS, which i s  designed to 
potential release of radioactivity 

li after an aaident by mntrol of 
chemistry. It provi 

isas of carefully s 

PS and theoretical calculations in 

lear fiael reprocessing plants indicates 
ml of waste chemistry can erncourage 

II$ of aggregate (chemical eomposi- 
tion) for csnscrete under the reactor core a n  

ntXy reduce the release of radionuclides to 
aimment if a core melt accident occurs. This 

r d u m  the challenge to containment, thus 

containment costs if maximum 
and temperatures in containment 

rin 1 

The specific accomplishments during this report 

1. 

2. 

(3Qmpleted Ropmed and E,kktmg Passive mid 
Ish erm d ~ ~ ~ ~ ~ y - ~ ~ ~ ~  ted SGP u e  iid res, Sys~enas and 
C o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  (Bidding Rkocks) for Advarsced 
Light- Water ~eacmrs.~ '  n i s  BKNL report was 

ajoa program activity imn F Y  1989. It i s  a 
compendiuiii of LWR safety-rciatcd passive and 
inherent SSG, the "building blocks" that 
combine to create a wrnpletc reactor design. 
The concepts described range from current 
commercial technologies to speculative idcas 

chemical and mechanical 
t provides a basis to dcfi'jrxe 

future disectims of research and dc~cumernts the 
se of technology available to create 
with PRIME safcty charactcriseia. 

se of different cor  
criteria allow tb 

practical, thcr'c are. no theoretiall reactor core 



................... .................................... ................................... ................................... .......................... _. ... 



Table 2.7. Spent fuel and radioactive waste inventories as of December 31, 1988 
UMTRA =: Uranium Mill Tailings Remedial Action; WSRAP = Formerly Utilized Sitcs 

Remedial Action Project; SFMP = Surplus Facilities Management Program; 
G J W  = Grand Junction Remedial Action Project 

- - -  

'Ihcrnial TRU 
isotopes Mass Volume Act IVllY3 pwcr  

Waste category (kg) (MIIHM) (mZ> (IO" Cl) ( I ( +  W) 

Spent fuel (commercial) 
RWMS 
PWRs 

High-level waste 
Savannah River (DOE) 
Idaho (DOE) 
Hanford (DOE)' 
West Valley (commercial) 

Transuranic waste (DOE) 
Buried TWU waste 
Stored TRU waste 
Stored LLWd 

Law-level waste (total area of all sites) 
DOE sites (262 ha)' 
Commercial sites (74 ha) 

Uranium mill tailings (commercial) 
Licensed mill site3 

Remedial action activities (DOE)h 
UMTRA Project (25 sites) 

Mill tailings and other 
waste (permanent storage) 

FUSRAF' (30 sites) 

Defense D&D Program (230 sites) 
L1.W (permanent and interim storage) 

TRU waste 
1-LW 
Mill tailings 

TRU waste 
I L W  
Mill tailings 

Mill tailings 

S M P  (civilian projects; 30 sites) 

GJRAP (593 sites) 

Reactor decommissioning 

Mixed LLW 
DOE 
Commercial 

Miscellaneous, highly radioactive 
materials 

6,756 
10,850 

77 1 
2,055 

14 

3,219 
4,75 I b  

128,400 
11,Ooo 

243,500 
2,130 

190,837 
59,68 1 
36,123 

2,47 1,600 
1,298,500 

116,900,000 

4,9 15,500 

187,760 

52,070) 

k 

70.2' 5 2,140 
e e 

252.5 C 

5,179 
13,476 

66 1 
67 

446 
29 

0.06 
3.88 

C 

13.42 
4.73 

e 

C 

C 

C 
C 
C 

e 
e 
e 

C 

k 

C 
c 

C 

1 8 , r n  
51,600 

1,830 
196 

1,307 
87 

1.8 
66.6 

C 

18.61 
18.09 

C 

e 

C 

e 
e 
e 

e 
e 
e 

e 

k 

C 
C 

e 

.- 
'Activity data are calculated values as of December 31, 1988. 
bIncludes volume of spacing between the fuel rods of each assembly. 
'All tank waste has been declared HLW. However, this categorization could change aflcr the work characlcrizing this 

dTRU-contaminated waste in intcrim storage that will bc managed as LLW after retricval and assay for certification. 
eInformation not available. 
'ha = 1 hectare = 10,OOO m2 or 2.47 acres. 
6l[ncludes contributions from 26 licensed mills. At the end of 1988, only three mills wcrc active. 
'Unless otherwise indicated, inventories reported in this table for remedial action activities include only contributions 

'Should include only inventories of wastes stored at remedial action sites. 'This information is currcntly not available. 
JMill tailings stabilized by the Grand Junction Remedial Action Project through 1982. 
'Most of this activity has involvcd small test reactors. The LLW collected to date from such small rcaclors arc includcd 

'Mass of mixed LLW is expressed in metric tons (t) and includes other elements in addilion to hcavy mctals. 

waste has been completed. 

from projects completed at the end of 1988. 

in the LL,W inventories listed above. 
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annual IDS inventory report was presented to the 
IDB Steering Committee at its January 1988 
meeting as a prototype for inclusion in the 1989 
edition of the annual ID’S report. This prototype 
was also factored into a national HAZWRAP 
proposal for acquiring mixed wastc data for the 
annual report. The IDB program staff was, and 
continues to be, highly involved in various quality 
assurance aspects of acquiring and manipulating the 
mixed waste data. Two mixed waste tables from this 
year’s annual report are shown in Tables 2.9 and 
2.10. It is anticipated that this effort will continue 
in future years and, in fact, he expanded to include 
purely hazardous wastes from the DOE sites as well 
as the currently reported mixed wastes. 

Mixed HLW and TRU wastes are not included 
in the mixed waste data base but are included in 
the HLW and TRU waste inventorics and 

projections. This data base does not consider the 
unique features of mked HLW and ‘TRU wastes 
because their dominating radioactive charactcristia 
alone dictate the methods by which these materials 
need to be treated, handled, stored, and disposed of, 
In contrast, the hazardous characteristics of mixed 

sposal of these wastes are subject to 
of the EPA as well as to thosc of 

DOE and NRC, 
Typically, mixed wastc at DOE sites includcs a 

broad spectrum of contaminated materials, such as 
air purifiers, cleaning solutions and cleanup 
materials, engine oils and grease, epoxies and rcsins, 
gravel, laser dyes, paint residucs, photographic 
materials, soils, asphalt, roofing compounds and wall 
materials, water treatment chemicals, and 

issioncd weapons manufacturing equipment. 

t 40 RCRA2 Thus, t 

Table 2.9. Cumulative volume (mj) inventories of DOE site mixed LLW, 
by physical category, through 1988’ 

-- 
Site Solid Liquid Gasb Sludge Othci‘ Total 

PADd 
ORGDP~ 

O R N L ~  
Y-12d 

PORTSd 

HANF4‘ 
SKS 
LLNL 
SNLL 
LANL 
RET 
MOUND 
PANT 
SNL 
Allied-Signal 
ITRI 
Pinellas 
INEL 
NTS 
FMPC‘ 
h e s f  
ANL-Ef 
ANL-W‘ 
BNL‘ 

Total 

1,032.5 
942.4 
130.3 

3.3 
1,556.4 

7 15 
492.9 
42.7 
0.2 

44.5 
9,349.2 

5.6 
83 
68.5 

2.65 
0 
0 

33.6 
0 

217 
0 

37.7 
13.23 
0 

36.1 
445 
164.3 
84.1 

129.7 
593 

8,525.4 
86.7 

1.23 
136.6 

6.3 
42.5 
3 
1.2 
0 

28.8 
0 
9.7 
0 

54 
0 

34.9 
0 

1 , 0 6 1  

0 
0 
0 

co. 1 
0 
0 
0 
0 
0 
0.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.6 
9,040.3 
1,885 

0 
3,185 

0 
5,m 

0 
co.01 
32.8 
0 
0 
0 
0.3 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 

20,770.68 11,443.53 0.5 19,827.0 

0 
0 
0 
0 
0 

69.6 
0 
0 
0 

c0. 1 
0 
0 
0 
0 
0 
0 
6.47 
0 

22.1 
0 
0 
0 
0 
0 

~ . . . . .  

98.17 

1,069.2 
10,427.7 
2,179.6 

87.4 
10,87 1 . 1  
1,377.6 

13,698.3 
129.4 

213.4 
9.355.5 

48.1 
86 
70 

28.8 

46.3 
22.1 

27 I 
0 

72.6 
13.23 

1.13 

2.65 

6.37 

1 ,oo 1 

52,139.88 

aMaterials may be i n  interim storage awaiting treatment. PAD = Paducah Gaseous Diffusion l ’ h ~ t ;  ORGDI’ 
= Oak Ridge Gaseous Diffusion Plant; POR‘E = Portsmouth Gaseous Diffusion Plant; Y-12 = Y-12 Plant; 
I I A N F  = I-Ianford Reservation; SRS = Savannah River Site; ILNL = Iawrence Livcrrnorc National laboratory; 
SNLL = Sandia National Laboratories, 1,iverniore; LANL = Los Alamos National. laboratory; RFP = Rocky Flats 
Plant; MOUND = Mound Plant; PANT = Pantex Plant; SNL = Sandia National Iaboratorics; ITRI = Inhalation 
Toxicology Research Institute; INEI. = Idaho National Engineering 1.aboratory; N 1 S  = Nevada ‘I‘cst Site; I’Ml’C 
= Feed Materials Production Center; ANL-E = Argonne National Iaboratory-East; ANL-W ::: Argonnc National 
Laboratory-West; BNL = Brookhaven National Laboratory. 

bStored in cylinders. 
‘A mixture of two or more of the solid, liquid, gas, or sludgc categories. 
dDensitics of lo00 kg/m3 for liquids and 1500 kg/rn3 for solids, sludges, and others wcrc assumcd to calculate 

‘IIANF inventorics are 1987 and 1988 data only. 
‘Data for these sitcs were provided by a DOEE/IIQ/DP effort in support of a study on land disposnl rcstnclions 

(LDRs) recently imposed on the DOE. LDRs require phnscd-in treatment of hazardous mixed waslcs bcforc 
disposal. 

vo!umes. 
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representatives from the three QRR plants, it 
tative from the CWMQ, and one from thc 

LLWDDB @ore program. The task t a m  pres 
its results to DOE/Qak 

H 

em Tech provided techni 
support to the Ener ms Environmental and 
Safety Activities in the year-long 
preparation of the DD Program Plan, 
which was written to ensure that Energy Systems' 
needs for trcatme al of all of its 
hazardous and m 
and corrective actions planned. A multifaceted 
approach to developin and i ~ ~ l ~ m e ~ t i ~ ~  this plan 
is given in this report, ncluding complete plans for 

of the five installations and an overall 
integrated plan. This plan is in response to 
DOE/QRO directives and provides information 
uscful in addressing DOE Order 5820.2A' 
con anagernent. 

DD Plan accomplishes the 
following: (1) providcs both b ~ ~ ~ ~ r ~ ~ ~ d  and 
o ~ ~ ~ n i 7 ~ t i ~ n a l  i ~ f o r ~ a t i ~ ~ ~  (2) summarizes the 402 
ha;r;lrdous and mixed-waste streams from the 5 
installations by grouping them into 13 general was& 
categories; (3) presents current treatment, storage, 
and disposal capabilities within Energy Systems; (4) 
develops a managencnt strategy by outlining critical 
issues, presents flow sheets describing managem 
schemes for problem waste streams, and builds 

; (5) outlines specific activities 

and budget requirements for 

The HA2WI)DD Program addresses current 
and future technical problems and regulatory issues 
and uncertainties. Because of the naturc and 

s in hazardous and mixed- 
anagement, substa tial funding will be 

required. Delays in funding the identified activities 

the strategy developed; and 

will end in increased costs resulting from the 
for additional storage pacity and from POX 

punitive actions by regulating agencies. Implcrnen- 
tation of the WAIEWDID strategy, as developed in 
this document, ensures that decisions coiicerning 

d mixcd-waste management arc made 
ted and integrated manner among the 

ccisions have sound 
technical bases. 

Since its issue in Decernbcr 1988, thc 
HAZWDDD Plan has been used as a building block 

vatization efforts that Energy Systcrmzs has 
nz to place treatment projccts out fo r  

contract, The H U W D D D  Plan has been the basis 
courses at Woane State Conmunity 

have participated in providing 
lectures for these courses. TY&c HA2,LVDlUD Plan 
was highlighted in prescntations at  the 1988 DOE 
Modeli Conference in1 Oak Ridge and at  the 
WAlTec meeting held in Knoxville in February 
1989. 

The H W P  has grown from a single $250,000 
project in 1986 to a $10 million program in FY 
1990. This program, which matches the needs of 
various federal sponsors with the waste and 
environmental researchers and engineers at Oak 
Ridge, will continue to aggressivcly cxpand as DOE 
and Congress place grcater emphasis on thc 
environmental res tora t ion, waste ma nagenien t , and 
tcchnology developrncrit issues. The I-IW'TP has 

e the "clearinghouse" for hazardous waste 
rewarch and development in thc Energy 

The HWTP serves as the point of contact from 
to the Haiardous Waste Remedial 

ram (HAZWRAB) Support Contractor 
office Qf and imtcrfaccs closely with the ncwly 
evolving Officx of Technol~gy Devclopmcnt on 
waste issues. Research projects sponsored by 
MKZWWM during the review period includc 
para magnetic sega ra t ion of wastes, bio rem ed i a t io n 
of methyl mercury, bioremediation of polychlori- 
nated biphenyl- (PCB-)contaminated soil, bio- 



demonstration destined for th 
eventual destr 

environment a1 

at QRCDP’s re 

azardous constit 

liance with all 
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actions have been completed 8 

1. 

2. 

3. 

4. 

The problem was s c q d  to define its 
ize of the treatment 
a i r ed  contaminant 

removal levels for the soils and the s 
B disposal in an industrial 
issued inviting the private 

submit competitive bids to ~ e ~ o ~ ~ s ~ ~ ~ t ~  

processes. 
Activities are currently under way by these 
cornpanics to demonstrate their treatment 
prOWS§e;s. 

The results from these demonstrations will be 
used to define the waste treatment process for the 
contaminated soil. 

A similar methodology is 
~ e v ~ l ~ ~  the treatment option 
metals-contaminated sludge. 

m m  1 
Chem Tech is proactive in 

R&D projects with MEIs, and 

for the toxic 

developing joint 
the WM'I'C has 

iiated the division efforts. During this 
reporting period, progress has been made in 
collaboration with three universities. 

Two collaborative studies in waste management 
were continued between North Carolina A&T State 
University and OWNL during IFY 1989. Qne study 
focused on the application of systems optimization 
as a waste management tool, and a paper on 
systemi optimization for nuclear waste disposal was 
presented at  the Seventh International Confercncc 
on Mathematical and Computcr M ~ d e l i n g , ~  which 
was held in Chicago. The second study focused on 

e theory and evidence for economies of scale in 
ent of waste management systems. A 

paper from this study was presented at the DOE 
Model Conference in Oak Ridge4 

The WM'IL'C i s  supporting a project being 
con at the Southern University and ASrM 

Baton Rouge, buis iana ,  studying the 
in situ treatment of contaminated soils using air 

e project i s  being performed by a 
nt in partial fulfillment of a mastcr's 

degree in environmental science. The project scope 
consists of: (1) conducting a literature rcvicw of 
past air-stripping activities to develop an 
experinsental invcstigation plan; (2) building an 
experimental system to study air stripping of 
different types of soil; (3) and conducting 
experiments to develop correlations for cxtracting 
TCE luene from soils, using air as thc 
strippi ium, 

A contract has becri given to FIU to assist in 
the evaluation of the In-Tank Evaporarion ( I ' E )  
Process. The objective of the ITE project is t o  

wntrate the liquid low-level waste (XLLW) 
currently stored in the Melton Valley Storagc Tanks 
(MVSTs) by sparging with dry air. Thc ITE proccss 
has the potential to remove -568 m3 (150,000 gal) 
of water from the stored LLLW before the startup 
of the Wastc Handling Pilot Plant (WI-IPP) process, 

rage space for future 

FIU has been charged with the development of 
a performance modcl of the ITE proccss. 
Accomplishments to date have included a detailed 

odd, complcts: heat and mass transircr 
a detailed analysis of heat losses from 

vault. These programs are packaged in 
a user-friendly, menu-driven personal compu tcr 

am. Publications resulting from the work are 
reviewed at  ORNL. 

T 

The Waste Technology and Development 
Rcseaach Group of the W T S G  

1 studies to solve 
is prinaarily a laboratory group 
programs in the areas of was 

arations scienms. The  roup is located in 
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contribute to loaver heat rclcase; (2) partially pre- 
hydrating the raw materials to reduce the heat 
generation in the grout product; and (3) enhancing 
the formula by substituting fly ash for the more 

ble options to facilitate heat 

ter 

at ORNL during this reporting 
the potential for ~ ~ ~ ~ l o I ) i ~ ~  a 

meter that could be used to continuously monitor 
grout density during TGF operations. The 
d e ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ t  effort involved the use of a pumping 
loop in conjunction with the grout meter to study . .  

f mix ratio, waste comp 
run timc. This grout meter, 

has been patented by QWNJ.,, 
(1) sensors, presently based 
resistancdapaeitanw of the g 
device, and (3) calibration s 
meter is made of pslyiiayl chloride (PVC) in the 
shape of a right ircular cylinder with alternating 
rings of PVC an metal. The metal rings serve as 
the electrodcs, and the PVC rings sewe as spacers 
between the electrodes. Metal screws contacting the 
metal rings through the side of the meter provide 

eam to jnduce a current and obtain readings. 
this design uses thc metal rings, which are 

flush with the pipe walls, as the "probe" and thereby 
eliminates the need for a probe protruding into the 
grout. Calkxtively, data obtained to date show that 

se is  linear with respect to mix ratio 
over a wide range of operating conditions. In 
addition, no visible signs of caking ~ c r e  obsegvcd 

ration pcriod. Thus, this simple 
can be readily installed in most 
ities, can be used for inrprovcd 

can bc cleaned at the end of 
y simply flushing with water. 
Systems Technology Transfer Group 

invention as being useful to 
industry and has made it available for licensing. 

WM'TSG staff provided consulting services to 
W C  wrnmrning low -level, rcnw te- handled, 

suranic, and hazardous waste processing systems 
that pertain to the Waste Remedial Action Program 

facility; participated in design reviews as 
; and monitored national and intcrnational r 

technology development in solid waste trca trnen t 
and disposal. 

1989, sites were visited in West 
en, and Finland in support of this 

( 

e€€ort. 
WRAP is part of the triparty agre 

the EPA, DOE, and the state of Wa 
facility i s  scheduled to becomc operational in the 
late 1')98s, 

Efforts are under way to exchange solid wastc 
technology information with other DOE sites. 

, a study to evaluate the techtiical 
feasibility of grouting technology as a potential 
remediation option for the Zone 1 National 
Prioritics List site at Robins Air Force Base 

in Warner Robins, Georgia, was irmitiatcd 
I., through HALWRAP. The objective of a 

the  '.?,-year study was to establish the technical and 
regulatory credibility of grouting tcchnol 
would be applied to the sludgc lagoon at th 
Zhne 1 site. 

lagoon and Landfill No. 4 are 

( 

on the cast sid 
pies -182 ha (45 acres), was operated from 

1978 and was used for di 
e and omsiomaali disposal of 

wastes, The sludge lagoon, 1ocated adjacent to thc 
north side of the landfill, was used for disposal 

ater trmtmcmt plant sludges a 
occasional disposal of other liquid industrial wastes 
from 1968 until 18'X The lagoon was unlined and 
bordered by an elevated earthen dike, The lagoon 
surface area covered -.61 ha (1.5 acres), and it was 

Site investigations to date indicate that 
e m t  in the lagoon 
VOCf, have been 

e, as well as in the 
,Zone 8 .  Thc in situ 

stabilization option is mnomically attractive 
because the cost of i~iiplc ntation i s  estimated to 
be -$5 million. In ~ s n ~ p a r i s ~ n ,  incineration W%BS 

-1.8 rn (6 ft) deep. 



VOC immobi 

erials were o 

Widification/stabiliza 

Atomic Ener 

amples from pits 1, 2 
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with mmpcasite samples diluted to 28 
content, All of the aste forms prepared with 
Blend3 B and C met the p ~ ~ ~ o ~ m ~ n ~  criteria of 
(1) no drainable water within 28 d, (2) unconfined 
mmprasive strength of 60 psi, and (3) rcsistanse to 
thermal dycling Volume increases (vs the original 
waste) were consistent for all. three blc 
one mix ratio and were 22, 32, and 40 vol % at mh 
ratios of 0.4, 0.6, and 0.8 g,/g> respectively, 

~~~~~~~~~~y~ the data indicate that the rate of 
set as determi net ril t io n resistance, 

e water, and 

or mix ratio. In 

mntrcalled in the same 

variations in the waste mrrmpositicsn or  future, M O ~ C  
rmance criteria by the use 

operating change! (i.c., bil 
or mix ratio), which are well within 

of 4000 psi within 14 d; 

'fit WIT Evaluation Program was a suhtask of 
the L L W D D  Program. The major objective of the 
WIT e as bo evaluate waste forms gcnerated 
by s t a b i l i ~ t l i c P n / ~ o l i ~ i ~ ~ ~ i o w  of selected waste 
sludges generated wastewater trca t ment 

Systems. The product 

the appropriate testing protocol to measure waste- 
form characteristics. These performance criteria 

ards for solidified waste forms 

Thc WIT program consisted of tlarcc phascs, 
with the first two phases consisting of screening 
studies to be performed before the development of 
a full-scale demonstration. Phase 1 involved the 
testing of laboratory-scale spccime 
wastc formulas representative of a geazerie family of 

evaluation of specimens containing actual 

posal 011 the OWR. 

specific waste sludges. Phase 2 was thc bench-sale 

that had bccn found to be 
r Phase 1 testing. Phase 3 was the 
onstration treating a statistically 

acceptable vsluaine of actual waste using a process 
demonstrated do be acceptable in Phasc 2, 

the cancellation of the program, and the results of 
Phase ?b Of the wl'l[' effort W8S COmIIlCEd bCfQPC 

and bitumen as binding agents immobilized waste 
aste forms. The 

characteristics measured inch 

criteria were not sufficient to distinguish between 
the various products. Mote stringent ~~~~~~~~~~~ 

critcria are required to rank the waste form 
tmtiag protocol is re 
-form performance 
ble estimates of e 

needed for the asses ent O f  waste-form per- 
formance, and (2) reduce the costs associated ~~~~~ 

0 

A IJS. patent on a novel process fOr unifying 

grout without the need to first remove 
or evacuate water was granted DOE in May 1989, 

p o l p e r ,  such as ~ O ~ ~ ~ ~ ~ ~ ~ ~ ,  with a 
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Y- 

The Sludge ~ ~ ~ ~ ~ ~ ~ t i o ~  Demonstration was 
conduct4 for hiA by the W T C  at 
ORNL. T h i s  is the fi 
project selected by RAP and involves 

ology demonsf ration 

OH$ of the dried solids in a 
r k  A thermal separation 

in which the sludges are 
an inert atmosphcre, driving 
nic contaminants and leavin 

Resource Conservation and Recovery Act6 (RCRA) 
provisions. Fig. 3,2 is a block-flow diagram of the 
treatment process. 

e project was initiated in June 1987, and a 
summary of the FY 1988 activities was p ~ b l i s h e d . ~  

CONTAMINATED DRY SOIL/SLUDGE 
SOIL/SLUDGE 

J;:tt:N 4 GAS HANDLING TRAILER I-- DRYER TRAILER 

CONDENSED 
ORGANIC LIQUIDS 

e CONDENSED 
WATER 

Fig. 3.2. Diagram of treatment process. 

n e  roass ~~~~~~~e~~ was brought 
to the d site at ORGDP on August 4, 
198s. Upon receipt of approval from lI.~QE/OWO to 
P the demonstration was conducted from 
s ea 24, 1988, through October 23, 1388. 
During this pcrisd, the 24 drums of the K-1232 
treated sludge were successfully processed, 
while processing the Central Pollution 

gas-handling trailer plugged after operating for 
2.5 h. Efforts were made to correct the problem; 
however, they were not sucw,ssful. A decision was 
then made to 1 process any additional CPCF 

tinue to process the K-1232 
Summary data are given in Table 3.1 

Facility (CPCF) sludge, the of-gas corndcnser io the 

on the results of the demonstration. 
The closeout of the demonstrati 

by arranging for the treatment and 
the demons t ration-rela ted wastes, 

Systcms staff prcp 

the ORGDY Analytical Chemist 
he dry residue and slabmitt 

rm the leaching tests in accordance with 
A6 protocols. Tplac RCRA leaching tests are 

currently being conducted. The final project report 
will be prepared following analysis of the leaching 
test results. 

IT Eo 
T nt si I 

n 
IT Corporation and Energy Systems participated 

in a joint-venture testing program to demonstrate 

Table '1.1. Summary data on lhc Y-12 sludgc detoxification demonstration 
.......I__ 

K-IL32" c l'c: I .* 
...... ..-I____ .... ..... ._c_ 

I:ccd sludxc c h a r 3 c W W  

Total solids (wt a) 
Dcnstiy (g/rnl.) 
Oil and grcasc u)fltcnI (M 7%) 
I'hcnnls (ppm) 
01 hcr ~mrvolatrles (ppm) 
l'ctrachlororlhcnc (pprn) 

29.0 40.7 
1.16 1.21 
0 7  I O  2 
S4,cww, 0,3(W) 
3,525 5,7S2 
2.4 5.9 

T m l  solids (wt %) 99.9S 98.8 

Ikmoval efficiencies 

011 and grc.w: (%) 86.7 14.4 
Phenols (5%) W.6 92 9 

........... ._____I.-... ..____I 

'Area K-I232 at ORGDP. 
bceniral Pollution Cuntro! Facility. 





er treatment demonstratio 
the following information. 

to groundwater cleanups at DOE sites: 
evaluation of the performance a 
of the selected groundwater treatment 

gics provided by priva te-sector 

e removal of ah@ 
and radioactive components from 

ems associated with 

waste produced by the 

The tcchnologies demonstrated as part of this 
project are expected to be directly appliabk to 
solving similar ~ r o ~ ~ ~ ~ ~ t ~ ~  contamination problems 
known to exist at  numerous DOE and Department 
of Defense facilities and Comprehensive 
Environmental Response, Compensation, and 
Liability Act sites and should be appli 
~ ~ o u ~ ~ ~ ~ t e r  r ~ ~ ~ ~ ~ i a t i o n  programs nation 

Multiple fixed-price contracts will be awa 
by Energy Systems on a ~~~"~~~ basis to firms 
mecb the qualification criteria. The groundwater 
treatment demonstrations will be conducted at the 

be. The groundwater to be treated by the 
demonstrations will be pumped from 
er well GW-253 located in the vicinity of 
te at  the west end of the Y-12 Plant. 

Groundwater monitoring data collected from 
GW-253 show heavy metal, organic, nitrate, and 
radioactive contamination. 

During this reporting period, an "Exprcssion of 
Interest," which specified thc qualification criteria 
required to conduct the proposed groundwater 

nstrations, was issued to the private 
sector in June 1989 to solicit their response to the 
project. Several replies were received, and a list of 
potential vcndors for the groundwater dcmonstra- 
tions was developed for issuance of the statement of 
work and RFP. 

Shortly after continued FY 1990 funding for the 
project i s  received from DOE, the RFP will be 
issued to those firms that responded positively. 

monstration 
This demonstration is being carried out for 

IIA2WRN as part of its camplianw technology 

evaluations. There are three main purposes for the 
~~~~~~ 

design, procurement, installation, tcsting, and 
demonstration of a proccss from the privatc 
sector to replace a chlsrinatcd solvent 
(HyQroSeal) and Freon@ with a water and 
detergent solution in an ixltrasonic system in  
the maintenance operations of the Y-12 Plant 
Research and Support Division; 
documentation for the mutual benefit of the 

se program solvent substitution 
programs carried out at Y-12 and finndcd by 

uerquc Operations over the past several 
years; and 
interfacing with nationwide DOE clcfcnsc 
program nuclear weapons complex chlorinatcd 
solvent substitution programs over thc life 01' 
this task through established working 
cam 1n i t tces. 
The ultrasonic cleaning system will be installcd 

pump shop (9720-13) at the  Y-12 

most of the activities 

timely in that the 
~ ~ ~ ~ y l e ~ ~  chloride ingrgdicnt of the HydroSeal 
solvent is a remgnized carcinogen and will soon be 
wvercd undcr DOE Order 5480.10,8 which specifies 

vents for the weapons 

Defense Program is an important aspect of this 
project. 

A number of n a t i ~ ~ ~ ~ ~ d ~  and Y-12 committees 
have been active in the solvent substitution effort, 
and pcrsonnel from Y-12 have been actively 
interfacing with the following groups: 

1. 

2. 

Chlorinated Hydrocarbon Solvents Coo 
Committw of the nuclear weapons 
which was chartered to exchange technical 

Chlorinated Solvents Action Committee at  
Y-12, which is addrcssing substitutions of 
chlorinated solvents through a series of 



activities governed by long-range planning; and 
3. Interagency Manufacturers Operating Group, 

which is addressing cleaning and contamination 
control on a weapons-complex-wide basis. 

disposal of such waste "be conducicd in such a way 
that assures that no individual receives a total dosc 
from release to the general environment in  excess of 
25 mrcm/year from all the LLW disposal in the 

Initial activities,  le^ by the WMTC, centered on 
project definition and planning, based on e y r i e n a  
gained in carrying out other demonstrations. A work 

U.S." Furthermore, Wastes with concentrations of 
radioactivity lOW enough to result in annual doses 
Of 4 mrt3m/)edr Or less 10 individuals Could be 

breakdown structure was defined, and an estimation 
of costs for each elcment was formulated. Based on Both the requirement for a performance 

to H M W ~  and selected based on its merits and ment of performance objectives for uranium wastcs 
cost benefits. Subsequently, a field work proposal represent changes from the past. 
was prepared and submitted. Because uranium and its daughters have vcry 

disposed Of as nonradioactive wastes- 

the definition and costing, the project was proposed asSWjment by the DOE and the EPA'S establish- 

me ultrasonic system has been designed and long half-lives and because the chemical prOpCrticS 
specified through y-12 Engineering, and the Of uranium make it potentially very mobile in the 
specifiations are at  Enerm Systems being geosphere, a framework iS needed to develop, refine, 
incorporated into a procurement package. me and tllaintain programs to satisfy DOE performance 
9720-23 pump shop has been readied for installation objectives for long-term safety. Uranium wastes, OII 
of the equipment. Preparation of the report a VOlUme and weight basis, make UP a significr-lnt 
covering previous Y-12 solvent substitution efforts portion Of LLw* 
is in progress and is expected to be published in To help meet these performance objectives, the 
early 1990. The equipment is to be installed and Defense hw-Levcl  Waste Management Program 
tested in February and March 1990, and the actual o r g a n k a  the U T .  The Primary objective of the 
demonstration will be carried o u t  in April 1990. UTF are: (1) developing a n  understanding of the 
Video documentation of this demonstration and problems associated with the disposal of uranium 
other solvent substitution efforts is planned, and a W a f f %  (2) identi@@ options available for 
final report is scheduled for issuancc in August r w ~ l u t i o n  of these problems, and (3) developing 
1990. recommendations for the consistent and safe 

treatment and disposal of uranium wastes. 
Although three of the DOE facilities account 3-4 Information Exchange for the bulk of the uranium wastes, many of the 

oihcr sites generate some uranium wastes and must, 
During this report period, WMTCWMTSG therefore, mmply with current and pending 

regulations for these wastes. By reviewing and 
assessing the Status of uranium waste generation, 
storage, and disposal at  all sit=, the n c a s s a v  data 
will be assembled to facilitate an integrated and 
~ ~ ~ d i n a t e d  approach to the new and proposed, 
regula tor-approved and performance- based sys terns 
for uranium wasie disposal. 

Large volumes of uranium wastes have been 
generated since the early 19&, beginning with the 
commission of the Manhattan Project. In addition 

The recently issued DOE Order 5820.2A' to the great volumes o f  these materials, it is 
defines uranium wastes (excluding mining and mill significant that the wastes are generated at various 
tailings) as LLWs and requires that thcir disposal types of facilities, such as production and processing 
meet all applicable federal, state, and local installations, research laboratories, weapons plants, 
regulations. All disposal sites will have to  verify, fabrication plants, and testing facilities. The waste 
through a formal performance assessment, that thc may be solid, liquid, o r  gas and of various 
uranium wastes meet these requiremcnts before compositions. It may be entirely a low-level 
disposal. radliological waste or various categories of a mixed 

radiological-hazardous waste. The points to be noted 
identify uranium wastes as LLW and to require thar are that there are various facilities of waste 

continu& management assistance to the national 
DOE Uranium Task Form (UTF); also, scvcral 
nationally significant workshops, for example, the 
off-sjte release criteria, contam jnated soils, and 
leaching tests workshops, were organized and 
conducted. 

3.4.1 UTF 

The proposed 40 CFR 1939 is cxpcctcd to 
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generation, S Q U ~ G ~ S  within a facility, operations 
within a source, forms generated from a source of 
operation, and types of waste of different physical 
state, chemical, and radiologial composition. 
Furthcr, the waste type and generation rate will vary 
from one facility to another. Thus, the mnzplexity of 

of uranium. waste ~ ~ ~ ~ ~ e ~ c ~ ~  can 
easily be discerned. 

"kerc are 14 facilities that are managed by the 
DOE arid generate, treat, store, and/or dispose of 

and other LLWs. Many of these facilities 
werc W ~ S B P U C ~ ~  in the 1940s anel 195@ and were 

to accommodate the waste 
minimization standards of the 19%. "has, many of 
these facilities are using outdated equipment and/or 
obsolete technologies, while some have upgraded 
their promsses to mcea the rapidly changing 
staizdards of waste gcneration, treatment, storage, 
and disposal. 

It i s  ateczssary to look at the approach to 
uranium waste management at each facility in the 
context of an integrated picture of the entire DOE 
system. This  lis imperative now because of the 
implementation of DOE Order 5820.2A' and the 

At present, site-specific data on the 
management sf uranium at SQIIIC 17 facilities have 
been assembled and are being analyzcd to develop 

sive report on uranium proccsscs, 
treatment, storagc, and disposal on a DOE-wide 
basis. 

40 CFR 1939 by EPA. 

The management of large quantities of soils 
contaminated with generally low concentrations of 

/or other radioactivc materials 
at many DOE-owned facilities 

bemuse interim policies for their disposition have 
To initiate work throughout 

n solutions to this perplexing 
m, a workshop on "The 

dioactively Contaminated Soils" 
Kmoxville Hiltoiz I-Iotel in  
c meeting was sponsorcd by 

QE and was hosted by thc 
W T C .  Fifty-eight scientists and engineers attended 
the 1-d event, which included a morning plenary 
session and panel discussion with four concurrcnt 
topical sessisns in the afternoon, followed by a 

wrap-up session in the evening. Wcpresen ta t ives 
ith contaminated soils problems 

with scientists and engineers 
affiliated with the DOE, Tennessee Department of 

Environment, Texas Bureau of 
ntrol, anid seven private companies. 

Thc size and composition of the group wcrc 
to be optimum for the topical sessions 

s full participation with lively discussions 
of ideas. With selcctcd 
all of the DOE sitcs that 

te contaminated soils and with 
experfs in regulatory affairs and soil characteri- 

the solutisns to lems of contaminated soils 
were addressed. 'Topical sessioris focused on were: 
(1) chaaacterizabi present practices, (3)  regu- 
lations, and (4) m and performance-bas& 
policies, 

In this first lnaPisnaP meeting on the 
management of cotitaniilnated soils, there was 

ous agreement that dose-based pcafsrmancc 
n be used in deriving soil mxncesatration 
pathway analysis models, This is an 

important result, as this approach would bring 
desired canasistent and rational 

t of contaminated soills at all DOE sites. 

7atiorra, many of t poetant issucs that bear o n  

Although there was agreement 01 
p1 to the management of thGS 

ues were discussed 
cse issues included: 

setting acceptable confidence intervals for 

deciding whether to excavate soils or leave them 

deciding if all or  parts of reservations or  plant 
sitcs should bc surveyed in search of 
contamination; atid 
deciding the extent to which personnel cxposure 
should be taken into account in remediation 
decisions. 
?'he characterization of contaminated soils is a 

CLXtifiGltiOn Of §Oils; 

y, as appropriate; 

complex, time-consuming, and ofte 
in the management of these mate 
gcncrated i m  this process provide the basis for the 
succeeding stcps of remediation and certification, 
they must be thor ughly accurate and cost effective. 
The difficulty in the characterization process stems, 
in large part, from the inhomogeneity of 
contamination that is  spread over large areas and 
the necessity to make snsmsuremetits at or near the 
ambient ~~~~~~0~~~ lcvels of natural or fallout 



ndees were m 

for DOE to u 
m all discussi 

ion Protection, an 

aseous Diffusion P 

Alternative Trea 

1988 at Oa 
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Universities in Oak Ridge, Tennessee. It was 
presented by EP 
DOE/ORB and Enc 
were made by the 

evaluated by the Superfund Innovative TechnoBo 
Evaluation Program were also discussed, 

Because of the importance of leaching tests in 
is sponsoring a 

ing tests and their 
relation to disposal conditions and waste-form 
durability. Most of the rently viable tests were 
considered in the first r h h o p  (July 8987) on 
scientific basis and app bility of leaching tests. 

nd workshop (Octob 
the ~ ~ ~ ~ ~ ~ ~ € i ~  basis 
tests with primamy e: 

tests to reliably predict long-term durability of waste 
forms. 

The third (tcntatively sche M 1 d  for the fall of 
1 and fourth worksho s will address leaching 

under disposal wrsditions and durability of waste 
forms, respcctivcly. The ulti ate goal of the 
workshop series is to provide inform 
on the durability of waste forms and how to prove 
or predict the durability of stabilize~/~olidilFied waste 
forms. 

Under the auspices of the Amerian Chemical 
Society (ACS), symposia have been organized by the 

njunction with National ACS 

on Innovative Waste 
gies was held in. April 1989 

in Dallas, Texas. Developing waste treatment and 
disposal methods were compared to historical and 
conventional industrial practices. Prcsentations wcre 

ivc metB1ods 
such as microwaving, in situ im tion, and the 
made on recently developed 

use O f  engineered waste forms to meet rcquirre 

11 the Environmcrital 
ter was held in October 

1989 in Winston-Salem, North Carolina. 'I3ie 
symposium included a tutorial on groundwater 
chemistry and hydirogeology, and it also dealt with 
pollution ~ r ~ ~ B ~ ~ ~  and rnovcnient of contamin 

1. 

2. 

3. 

4. 

5. 

6. 

rtmeant ~f Energy, W E Order §820.2A, September 26, 1988. 

U.S. Congress, ~ ~ ~ ~ ~ n a ~  Environmental Policy Act, 42 U.S.C. 4321 et. seq:, January 1, 1970. 

S.-Y. Chang and A L. Rivera, "A System Optimization Model f ~ r  ;tOlFd-H~veB Nuclear Waste Disposal," Prsc. 7th Int. 
Qnf. om Mathematical and Camputer Modeling, Chicago, IE, Aug. 2-5, 1989. 

S.-Y. Chang and A L. 'Rivera, 'fTheory and Eidence sf Economies of Scale in the Development of Waste 
ent Systems,' pre.sentation at DOE Model Cfinf., Oak idgc, 'IN, Oct. 2-4 ,  1989. 

-16.1-1986, Measurement of the 1,eachability of Solidified l.,mv-Level ~~~~~a~~~~~ Wastes by a Short-Term 
, American Nuclear Society, La Grange Park, IL, 19%. 

US. Congrcsss, Resourm Cxn 
Hazardous and Solid Waste 

Recovery Act of 1976, Pub. L. 94-580, Oce. 21, 1976, as anicnded by [he 
Act of 1984, Pub, L. 98-616, Nov. 9, 1984. 









HF'IW are "'Bk, 252Cf, ?3, and 257F:111. Other 
products are separated dccay daugktcrs. Each of 
these is recovered by purifying thc radioactive 
parent, allowing the  parent to dccay, and thcn 
processing to recover the  daughter. The scpara tcd 
daughters include 248cn~, 2 4 9 ~ f ,  and high-isotopic- 
purity 253Es. Products arc usually highly purificd 
prior to shipment and are frequently provided in 
special chemical forms or  in special devices requircd 

irradiated in the HFIR 

steps that begins in t ily shielded, remotely 
operated hot cells i 920. 'The prowsing 
steps generally tend tc the t ~ ~ n s u ~ a ~ i ~ ~  
elements as a group from aluminum, metallic 
impurities, activvati n products, and fission 
before partitioning and purimn 
&XIl@irritS. 

by the ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ "  

is accomplishd by a 
Processing of the ba 

equenw of individual 

The sequenw of processing steps is called a 
aign." All of the target rods for a single 

campaign (usually a group of 10 to 15) are put into 
a dissolver vessel and solubilized in two steps. The 
aluminium is preferentially dissolved in caustic 
nitrate solution, which is decanted through a filtcr. 
Then the residual actinide and fission product 
oxides are dissolved in 5 to 4 A4 HNO,. Various 
metallic impurities are removed by means of the 
Cleanex batch extraction process, which uses di-(2- 
ethylhe~l)-phospharic acid as the extractant. The 
Cleanex product solution is s ~ ~ ~ ~ ~ ~ e ~ t l y  treated in 
two steps to remove rare rth fission products and 
separate the curium amcriciurn from the 
transcurium clements: a rough separation i s  
made, using the Tramex batch extraction process, in 
which the extractant is a t iary aninc; and (2) 
more complete deconta tion from fission 
products and separation of americium and curium 
from the transcurium elements axe accomplished by 
means of the. LiC1-based anion-exchange process, 
' K c  transcurium elements are then separated from 

a pressurized ion-exchange 
ographic clution with a- 

nverted to curium oxide 
ication into targets for 

irradiation in the HFIR. The transcurium products 
are transferred from the main cell bank to other 
cells and glove boxes for final purification. Pro 
purification operations for a particular acti 

exchange, solvent extraction, and preci 
ent may include ~ t i o ~ " e x ~ ~ a ~ g ~ ~  aniom- 

techniques in various combinations to provide the 
purity and chemical form requircd by the 
experimenter, 

g this report period, the €1FIR opcratcd 
for only a very short time and at low power. This 
was not sufficient to produce needed amounts of 
transuranium elcinents in the existing 15 targets. 
Approximately 100 d of irradiation at  the new ful l -  
power level of 85 MW will be requircd to rcstore 
all short-lived transuranium elanicnts to the dcsircd 
amounts. 

An extensive program was continued to upgrade 

remote fabrication of targcts for  irradiation in the 
HFIR. Primary emphasis was on the target pcllct 
fabrication equipment in Cell 3, which had beconic 
vety unreliable. The entire sequence of operational 
steps required for pellct fabrication was rcvicwcd. 
For s ~ m e  of the steps, i t  was determined thas the 

erxt design was adequatc, but the 
equipment was worn out. For those items, i t  was 

to fabricate ncw quiprnent with fcw, 
or no, design changes. Equipment for othcr 
fabrication steps had to be redesigned in order to 
met  functional requirements. A major changc 
involved the use of precision positioning equipment 
that has become available commercially sincc thc 
original pellet fabrication equiprnent was clcsigncd. 
The new equipment has been fully automated and 
is computer driven. A rnockup of the in-ccll 
equipment support stand was erected and used for 
out-of-wll testing of the assembly of the new 

ent. This testing was successfully completed, 
and the new equipment is being installed in Cell 3. 

A batch of arncricium-curium product, 
previously recovered in Canipaizn 66, was purified 
and converted to oxide microspheres for aisc in 
fabrication of new I-IFIR targets. A total of 122 g of 
oxide containing 7 g of aincriciurii and 86 g 01' 
curium was prepared. 

The ?J2Cf produced each year (-450 mg when 
the HFIR is in Cull operation) greatly excccds 
annual necds. The majority of this product nuclidc 
is highly purified of all curium isotopes and set 
aside for several years to allow ingrowth of thc 
2@Cm daughter. Isotopically pure 24RCm is quite 
valuable in both chemical and nuclcar research. The 
252@f loan program was established to allow 
proc~eactive me of the * ' ~ f  neutrons while the *'Ym 

the equipment i the Bldg. 7920 hot cells for 





,Cas of April 1, 1988, ORNL assumed 
responsibility for administering thc contracts for all 
of the loans of 2S2Cf sourccs that had previously 
been administered by SRI., At that timc, '76 
contracts covering 179 different items were in  placc 
with 73 different institutions. Concurrently, ORNL 
had 43 loan contracts with 28 institulions coveririg 
83 items. At the end of this rcport period, a total 
of 117 contracts covering 272 i t e m  were in  placc 
with 91 institutions. The 242 ltcrris contain a total  
of 240 mg of 252cf. 

A new transuranium elcmcnt project callcd thc 
Mark 42 Processing Program was bcgun i n  
Novembcr I988 to recover 2"2Pu, 243An1, and 7-11CtIl 
for use in weapons diagnostic studies. Activities to 
process one Mark 42 target per year, beginning in 
F'Y 1990, will be performed along with the 
Transuranium Element Processing Program activities 
at  the REBC. 

The Mark 42 target assemblies were originally 
fabriatcd and irradia SRL and wcre 

re than 5 years ago. 
containing -250 g of 2 4 2 ~ q l ,  '95 g of 

of consists of a set sf altarec 
concentric tubes formed from a PuO,-AI mrmct 
extrusion with aluminum cladding. When the Mark 
42 target assemblies were removed from the. reactor 
for storage, they were cropped to a length of -4.3 
m ( -  14 ft) [the active section is 
Before the Mark 42 target as 
processed in REDC, they must be cut into eight 
segments that are nominally - 51 cm ( -a 20 in.) long. 

During this report period, initial activities werc 
carried out to prepare for shipmcnt and disassembly 
of the Mark 42 targcts. Arrangements were niadc 
to ship the targcts in a commercial spent fuel cask, 
thc NLI-lfl, owned by Nuclear Assurance 
Corporation. Since neither SRL nor ORNL 
currently has suitable facilities for disassembly, 

ere made for segmenting at  Pacific 
Northwest Laboratory (PNL). After disassembly, 
each scgment will be sealed into a welded stainless 
steel can for shipment from PNL to REDC, again 
using the NLI-IE shipping cask. 

Several new equipment items or  modifications 
are xlecdeisll to unload the NLI-lL? at  REDC Bldg. 
7920. These tasks are in progress and include (1) 

raising the elevation of the outside 45-Mg (50-ton) 
crane to provide clearance to lift the NLI-l/2 off 
the transport trailer, (2) fabrication af a new dolly 
and tracks to move the NLI-lD into thc building, 
(3) modifications of the carrier stand to hold thc 
NLI-l/2?, (4) fabrication of a new adapter ring to 
position the existing LRL 2ST ("Q-ball") transfer 
cask over the NLI-1n2, (5 )  fabrication of a 
temporary shield plug for the NLI-IL? innloading 
opcrations, and (6)  fabrication of a new top plug 
for the Q-ball. An integrated test of the unloading 
equipment and procedures will bc 
empty NIdI-l/2 a s k  before P ~ C  segmented Mark 42 
pieces are shipped to ORNL. 

Initially, processes and equipment currently 
being used for processing transuranium targets at 
REDC will be used for the Mark 42 targcts. 
Improved processes and cquiprnejlnt arc being 

ncrease the efficiency of Mark 42 
will1 bc implemented as soon as 

A significant effort was made during this rcport 
velop an improved method for 
purification of americium. 7'hc Mark 

42 Program will require this separatio 
is  nst  done routinely in thc Transuranium Element 
Procxssing Program. A carbonate precipitation 
process has been used prcviously anti is thc 
refeerencc: flowsheet pending ncw dcvelopmcn ts. 
Several years ago, tests were made using a more 
efficient process in which americium in the fccd 
solution was oxidized to Am(V) and the solution 
passed through a cation-exchange process to sorb 
essentially all cations except h i ( V ) .  Those tests 
were performed on americium that contained oiily 
- 4  mg/g of curium, and only 50 to 60% yields of 
purified americium were obtained. Current tests 
have been made using controlled oxidation to 
Am(V1) with ammonium persulfate and cont rollcd 
reduction of the Am(VI) to Am(V) using hydrogcn 
peroxide. Beginning with equal Concentrations of 
americium and curium, the improved process has 
enabled 60 to 70% yiclds of purified arncriciurn 
while using an organic cation-exchange rcsin in thc 
hot cell. Moreover, yields of >90% have bccn 
obtained in glove box tcsts at  tracer lcvcl 

tsratioiis when using an inorganic cation 
as zirconium phosphak or 

polyantimonic acid, Sol-gel techniques are being 
tested with the goal of preparing these typcs of 
inorganic sorbents with sufficient loading capacity to 
permit higher concentrations of americium and 
curium to be processed. 
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hazardous, and mixed wastes. Included in this was a 
special task to solidify (by grouting) and dispose of 
-100 L of ion-exchange resins and organic-coatcd 
extraction chromatography packing§ used during thc 
last report period to purify residual 233U solutions. 

u t 

t 

of the solvent extraction system, Earlier work has 
shown that treatment of the solvent with activated 
aliamim, particularly if the solvent i s  pretrcatcd t o  
rcnmvc water, i s  very effective in returning the 
degraded saslvcnt to near-pristine condition. Recent 
efforts were aimed at finding the best type of 
commr=reially available activated alumina for 
rennsval of the dilaient degradation products and 
retained mtkcnium from first-cycle SML solvents 
that had becn previously washed with sodium 
carbonate solution. The efforts were particularly 
aimed at finding activated aluminas that would be 
effective without predrying the solvent. 

A mac~oporous activated alumina with a high 
sodium loading 914-2044 from LaRoche Chemicals) 
was the best of the ~mnnercially available activated 
aluminas tcsted. 'l'his activated aliimina was effective 
in treating degraded sslvelrnt when saturated with 
water, eliminatimg the need to dry the solve 
MOP@ effective in the removal of the Bon 
degradation products and had a highcr capacity for 
them; and was capable of removing all the chemical 
forms of r ~ ~ ~ ~ n e ~  ruthenium. The effects of 
temperature on the e,quilibrium and kinetics of 
solvent treatment were detcrmined. 

Chem Tech's activities under the AVLTS 
Program include the p~oductian of UCl, from 

uranium oxide and electrochemical reduction of 
uranium froin molten salts. This work i s  not 
reported here in compliance with regulations 

lating that such information must be distributed 
solely as applied technology. 

In midJune 1988, a release of x37Cs from one 
or more sealed sources was expcrienccd by 
Radiation Sterilizers, Inca (RSI) at their facility 
outside Atlanta, in Decatur, Georgia. l ' he  sources, 
used Bo sterilize medial  supplies, were leased to the 
firni by DOE. This site, one of five supplied ccsium 
undcs the Isan program, contained 252 doubly 

psulated CsCl sourccs from the  Waste 
Encapsulation StQ%a&e Facility (WESF) in Hanford. 

The statc of Georgia sequcstcd emergency aid 
from DOE, and, in turn, ORNI., was askcd to 
respond. The initial response dealt primarily i n  titie 
health physia/impact analysis/crnergcncy action 
arcm Fdlsaving the initial response, the role of 
OWNL continlied to evolve and inclaidecl providing 
an on-site senior technical advisor, loading and 
shipping suspect capsules to OWNL, and identifying 
and removing the failed capsules from tkc facility. 
ORNL's current responsibilities in  conmcction wi ih  
the RSI Recovery Project are (1) to maintain a 
subcontract with a firm to decontaminate thc 
facility, (2) to provide ~9n-site technical and 
operational management, and (3) to pcrform 
capsule cxarnination to determine the failurc m d c  
of the leaking capsules" 

The 252 WESF capsules, each containing 
-050 kCi of l3'Ck as CsCl encapsulatcd in stainlcss 
steel tubes, were stored in two racks at thc facility. 
A wet-dry operational mode was used in which t h e  
racks were submerged in a tea?npcraaurc-coHntrolleci 
~~~~~i~~~~~~~~~~ water pool when not in use, and 
irradiation was accomplished by raising the racks 
out of the pool and circulating palleas holding thc 
product through thc radiation fie1 
irradiation mll and then returning the ra 
storage following a rim. 





les at the D w t u r  facility, at a sister RSI 
facility in Westerville, Ohio, and in the WESF 

pool. Nine raanclunking SQUTCAS wer 
tur, one in Westcrville, and none at 

These ten additional apsules have been transported 

The hboratory continues to provide ow-site 
technical oversight for DOE/ORO, oversight of the 

to kbrPfQrd, 

activities at the site by CNSI, an 
shipping the remaining SOUTWS t 
C. 

of the two failed capsules (Fig. 
4.1) and failure mode analysis were initiated in the 

hot cells of BBdg, 3525, Broadly, thc: examination 
slisted of two phases. The first was 

nondestructive and inclkxdcd all tests up  to the 
actual removal of the outer containment shell. The 
nondestructive phasc has been completed for both 

The second phase, 

five areas. In developing the 

tests performed in m e  group would not adversely 
a€fect the results dmired from tests in other groups. 

t the hot ~ ~ 1 1 s ~  a complete set of 
f each capsule was taken at low 

Fig. 4.1. Two failed capsules found at the ~a~~~~~~~ Sterilizers, Jnc., 
faci!ity in Demtur, Georgia. Both sources ~~~~ ~~~~~~~~~g at one end. 
Capsule 1502 is designated as a leaking wurce based on tests 
performed at the facility. Capsule 1504 did not appar to leak 
activity into the environment- 





~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ a ~  operaaians inclandes four hat-cell 
facilities: thc Physical ~ ~ ~ ~ ~ i ~ ~ ~ ~ o ~  Hot Cells, Bldg. 
3025E; the Segmenting Hot Cells, Bldg. 3026D; the 

ch Wcactor Mot cells, 618 
h-Radiation-Level ~ x ~ ~ i ~ ~ ~ ~ ~ ~  

3525. In March 1989, responsi- 
bility for operation of the Slldg, 3QZE hot cell 
faciRiry, which was utilized primarily for rcniote 
mechanical properties testing of irradiated metals 
and allays, was transferred BO the Metals and 
ceramic$ Division. 

L7.1 

ORNL is the DOE lead laboratory in the 
qualification of nuclear fuel forms being evaluated 
for the ~~~~~~~ MTGR technology development 

. The MEHC conducts postirradiation 
examination of prototypic coated-particle fuels in 
collaboration with. thc Fuels Qualification Group of 
thc Metah and Ceramics Division. Irradiation of 
experimental WTGR fuels at ORNL has been 
disrupted by the shutdown status of the HFIR since 
1987. However, the United States i s  participating in 
a joint venture with the Federal Republic of 
Germany (FRG), and irradiated HTGR fuel from 
the High Flux Reactor, located at Petten in the 
Netherlands, and from the Arbeitsgemeinschaft 
Versuchsreaktor, located at J d i c h  in the FRG, i s  
currently being examined in the Irradiated- 
Microsphere Gamma-Analyzer Cell in Bldg. 3525. 
Selected subsets of microspheres from the FRG Set 
4 fuel inventory are processed through thc particle 
singularizing and gamma spectrometry systems for 
fission product measurement and segregation of 
"failcd" fuel particles. 

-7. usion ri 

One of the major tasks in the Magnetic Fusion 
( M m )  Program is the developrncnt of 

engineering materials for use in the prospective 
eonstruction of magneaic-confinement fusion 

reactors. In collaboration with the  Structural 
Materials Group of the Metals and Ceramics 
Divisim, MEWC disassembles reactor cxpcrirnent 
capsules for, and conducts physical and mechanical 
properties testing of, the  irradiated K-mctaPlurgical 
specimens. The MFE-QJ and MFE-7J rxperinment 
capsules irradiated in the Oak Ridge Reactor and 

-55, and CTR-56 expcrirnent capsules irradiated 
FIFPR were disassembled in the  South Cell at 

along with others from 
previous irradiations in the Oak Ridge Wcactsr, 

1c;Hsax Test Facility at Hanford, 
g. 3025E. The tcst program 
densitometry, tcnsik testing, 

d irradiated spcciimens 
and ORR-ME-SJ 

the m - 4 9 ,  m = 5 0 ,  c-m-52, CTR-53, CI'R-54, 

exper i Merit a p s u  1GS 9 

HFlR-MFE-330J9 for rcirradiation when the MFlR 
resume5 operation. 

'I%e examination of the I3'Cs sourccs recovcred 
from the RSI ~ ~ ~ ~ ~ ~ t y  in Decatur, Georgia, was an 
important project c cted in the High Radiation 
L,evel Examination 
project is ~~~~~i~~~ in Sect. 4.6. 

4. nrichm 

The objective of the RERTR Program, dirceted 
by Argonne National Laboratory (ANL), is to 
qualify the performance of lowenriched uranium 
fuel for application to research reactors in support 
of United States nuclear nonproliferation initiatives. 
Usc of uranium silicides, rather than oxides, in the 
fabrication of the rototyypic fuel providc 
"'U density with 23su ~ n ~ i c h ~ ~ n t  of 
48%. The ~ ~ o ~ ~ ~ m ~  active since the 197Os, will be 
completed with the evaluation of fuel irradiated in 





1;ig. 4.2, This  aluminum foil, devclopd for the Strategic Defense Initiative Program, is thin 
enough to see through. 

is coated with a parting agent. The thin foil [on the 
order of 3 0  (30 thick] i s  floated off in a 
large tank, then dra over a nickel-mesh frame 
assembly that is more than 90% transmissive. These 
foils have since been successfully tcsted by other 
participants in the SDI Program. 

In support of a cancer therapy development 
p r o g ~ ~ ~  okhaven National Laboratory (BNL), 
a small mg) batch of normal Sm,O, was 
converted to mctal by the reduction/distillation 
process. This material is being evaluated at  BNL to 
determine its suitability for loading in small 

ed capsules. If RNL decides the metal is 
the cntire U.S. inventory of '44Sm203 

(500 mg), which was purchased from BRNL sevcral 
years ago, will be returned and converted to metal. 

Two high-output (lo8 neutrons/s) neutron 
sources were prepared by mixing 4.1 g of 238Pu0, 
with 15 g of beryllium metal powder and ball- 
milling in a hot cell. The development of an  
improvcci 2MCn1-'3~ monocnergetic gamma source 
was also completed. In previous sourccs, thc Cm- 
C mixture was a ~ O O S C  powder that was free to 
move around inside the source capsule. A nccd 
developed for a source in which t h e  mixturc was 

fiicd in 
loading 
capsule, 
powder, 

tion. This was accomplishccl by 
the 244Cm-13C mixture into an a l u m i n u m  
coveririg it with a layer of a luminum 

and hydraulically ressing the capsulc in a 

I 

hie. This procedure yields a monolithic source that 
is permeable ena gh to allow the escape of decay- 
produced helium but that can bc securely held in 
place in the finished capsule, 

A major job involved the preparation of 44Ca 
plates for b s  Ahnos National 1.aborator-y (LANL). 
A total sf 76.79 g of 44Ca that had bcen on loan to 
LANL from the Isotopes Distribution Office was 
returned to ORNL in the form of 44CaC0,. Sincc 
"Ca has a value of $7.30/mg9 this reprcscntcd 
$560,567 worth of material. The carbonatc was 
converted to the oxide and subsequently reduced to 

1 with an excellent yield of 94.9%. The 
s split into smaller portions, arc-melted, 
pressed into plates for subsequent rolling 

in an inert gas box. A total of seven 5- by 10-crn 
llcd; three were 2 m m  thick, and four 

In a major actinide project, a 1-g pellet of 
2 Q Q C ~  metal was prepared for use as a diagnostic 
sample for LANL. The metal was prcparcd by 





Table 4.2. Summary of stable isotope enrichment campaigns 
"- 

Cnnipaign Cmmulative Efficiency Aniount 
Elcnicnt Date length cal u troll of separation proceswd 
separated completed (months) tank-hours (%la (g> 

GAcium March 89 6 

Ant iinony May 89 2 

'Ihnlliurn June 89 1 1  

'l'in July 89 4 

'I'cllurium Septembcr 89 3 

Iron 2 

20,544 75 1,752 

8-40 72 66 

48,360 107 8,997 

14,328 81 323 

9,936 105 511 

8,448 75 491a 

'The efficiency rating is a cornprison of the product of the avcrage total throughput and the fraction of time in actual 
opcration with similar data from a previous reference separation. 

electrode fabrication and to enable easier changcou 1 
of the negative clcctrode isolation insulator. 'I'hc 
modification included a completely new potential 
stress relief system for the negative extraction 
clectrodc and required redesign of the gIoundcd 
secondary focusing electrode mount. 

During the campaign to enrich the isotopes of 
tin, three feed forms were evaluated: SnCl,, SnS, 
and SnS with added H,S. Data collected during the 
campaign (Table 4.3) indicated that the SriS fced 
with added 13,s enablcd the highest procliict 
recovery, while SnCl, enabled the highest isotopc 
enrichment, 

In the ~ h ~ ~ ~ i ~ ~ ~  separations arca, an 
clectrockcmial process was developed to rcrnovc 
chemical impurities from enriched strontium 
isotopes. Em this process, Sr(NO,), solution was 
electrolyzed using a platinum anode and a plalinum 

ct recovcry was >99S%, and the  key 
impurities (coppers lead) were reduced to 4 0  
mg/kg. Also, a n  electrolytic process was ~~~~~0~~ 

for converting enriched isotopes of rnercu 

processing steps, and a r c d u d  processing time 
(lcss than half sf that ~ ~ ~ ~ ~ ~ ~ $ ~ y  required). 

A catalytic process for csnversirpn of SF6 to M2S 
or metal sulfides has been developed, This proms 
w311 be iised to enable sulfur isotopes to be 
enriched in gas sntrifuges,  in thc form Qf SF6, 
to be harther enriched in the calutrons ansing other 
sullur compounds. Overall, t 

amounts of highly enr 

Ncw approaches to chemical separations of 
isotopes are being invcstigated. Initial experimental 

'Iablc 4.3. C h q w i s o n  of fced materials for cnncliiiicnt o f  tin isoropes 

I-cngth of l*.inal isotopic 
I ,ked cnrichrncnt R G C O V C ~ ~  conccntration o f  " 3 n  

malcrial (tank- hot] RS) mc) (ai. 5%) 

Sn('l, 3810 60.0 84.3') 

SnS 5247 62.2 77.66 

SllS 4- 11:s 3847 74.8 8 1.24 

-"I """-- ..._l____"l.- --_--.... 





, and is capable of producing a ficld of 2 
geneity of +0.1%. Estimated to have 
cost of $9 million to 10 million, this 

system i s  the largest homogeneous field magnet in 
existence. Its high value and relative fragility 

special operations in order to transfer 
dge and to unload it from the truck. 

During January 1989, the magnet system was 
and placed into storage in Rldg. 1423 at 

the Qak Ridge K-25 site. 
In addition to the magnet system, 15 tractor- 

trailer loads of PSP equipment with an cslimated 
n excess of $20 million were 
TRW to ORNL. Included in the 

transferral equipltnelnt were several high-power 
systems, such as two LMW, 28-GHz 
e 1-MW, 56-GMz system; and several 
emq systems. The 56-GMz microwave 

s been placed on a 2-year loan to 
Plasma Physics Laboratory to aid in 

research. A customized high-amperage 
has been loancd to the OKNL 
tor Program. The remainder of 

ivisions visited 

t a t  reports, system require 

cost remains as 
principal cabstack to 

n 

In the past, the PSP separator has been used 
for large-smle isotope separation tasks involving 
~~~t~~~~ of nickel and palladium. Separation 

performance has also been demonstratcd on small 
quantities of isotopes of U, Pb, In, IC, and selected 
lanthanide elements. This performance e x p ~ ~ ~ ~ ~ ~ ~  
as well as reliability data from previous production 
operations, was used as a basis for evaluating 

tial new PSP isotope missions. A market 
of stable isotope needs was undertaken 

issions and to forecast 

nt PSP missions are 
summarized below. In some 
missions had not been 
become more exige umstaanms have 
changed. 
1. 

2. 

3. 

4. 

precursor for mak 
ide acceptance for treatment of pros- 

c. Current inventories of cnrichcd 
bc depleted in several years; a 

restarted BSP system appears to be the only 
viable production system to support this 
application. 

ed to bc capable of increasing the 
transmission of co tronzs to neutron- 

n research reactors by a 

reactors and neutron-scat tering instru- 

m k "  An dcctric power supply 
cniploys thc beta-emitting 

radioisotope 63Ni as its "fuel" has the potential 
for providing high-specific power with long life 
(>4Q years) and with minimal radiological 
hazards. The operation of PSP to enrich the 

Ni isotope is critical to the 
n economics of these dcvices. These 

avc important spacc and 

rials. The PSP 
technology has unique capabilities to enrich 
large quantities of rare earth isotopcs. I n  
particular, the USC of lS7Cd as a burnable poison 
in commercial light-water reactors would have 
the benefits of improving their operational 
safety and cmnotniss. 
In principle, there is a strong rationale for 

e separation program at 





-1 i 
Nickel-63 is an isotope ith a very weak (69- 

ctivity. It is used in thickness gauging 
ay have application in nuclcar battery 

airnental 62Ni targets that had 
been irradiated i Advanced Tcst Reactor to 
produce 9+?i were successfully transported to 
ORNL, opened, and processed. Several radioactive 
contarninanas were removed by ion exchange. A 
total of 224 Ci of aNi valued at $324,800 was 
recovered from the two targets. 

The radioisotope 14C is not eurrentay being pro- 
e United States. The world market 

irradiated aluminum 

procedures, the '*c analysis of the starting material, 
and the recovery procedures showed negligible 
amounts of contamination by normal carbon. 
However, the pellets that were processed and 

exposed to air for several 
mized that they reacted with 

dioxide in the air to form 
(NW,);'C03 and thus contaminated the 14@ 

reactor. New procedures are now 
to prevent this reaction. If 

successful, this project may provide an economical 
domestic source for I4C. 

-1 0.7 
Uranium234 is a decay product of usPu and is 

principally used as a dosimeter (flux monitor) 
material for reactor operations. A multistage ion- 
exchange process is used to separate and purify thc 
product. The residual 238Pu is repackaged and 

stored. ORNL is the sole domestic source of this 
impartant. tool for react0 ~~~i~~~~~ and we are 
currently producing - 10 g y a r .  

.I4 I 
hi 

Isotope Pack 
ss activities 
for the receipt an 

and stable isotopes. Activities 
packaging of isotopes products 

packaging and labcling of radioactive 
nients required for research activities 
other QRNL divisions and reactor 

operations, receipt of all radioactive matcrials 
shipments coming into ORNL, and maintenan% and 
quality assuranw (QA) of shipping packages. 

es are performcd in 
kaging and shipping 
uires a highly trained 

in Department of 
regarding the packaging 

ve and other hazardous 
materials as well as skilled in the handling of 
radioactive materials. A summary of the type of 
activities in this area is presented in Table 4.4. In  
addition to the 3324 radioactive shipments indicated 
in Tablc 4.4, -500 shipments of stable isotopcs arc 
-typical. 

'Iable 4.4. Radioactive rnatcrials shipments 
July 1,  1988, through Seplcmber 30, 1989 

Number of shipnicnts 

Type of container 
Nonreturnable 
Rem ma ble 
Customer-owned 

Type of material 
Wid 
Liquid 
Gas 
Empty 

2549 
324 
45 1 

1086 
6 8 1  
753 
88 

Total radioactive marcrials shipmcnts in a 1s-month period: 3324 
-. 





Table 4.6. (continued) 
%P# 

Products 
and 
se~ws 

tirough 
September 1989 

($1 eti n 

Thc marketing function within the Isotope 
39,942 Productio and Distribution Program generally 

activities. These activities consist of five primary 

Heavy elements 

Radioactive isotope handling charge 
1,290,593 focuses promotion and public awareness 252Cf 
250,300 244Crn 

"VU 
241Pu 
242Pu 
233u 
zslJ 
Other products 
Services 

Total 

5 9 ,  

6 2 ~  i 

203-H 

'@Yb 
@9.n 
Other products 
Se Wi W S  

Total 

Total 

EM Stable isotopes 

Other special materials 

66,5m 

86,550 
16,735 

10,414 
12,872 

(162,996) 
399,889 

2,010,799 

77,059 
40,154 

532,088 
63,107 

3,140,070 

655,808 
1,213,570 

467,160 
6,4 1 1,702 

222,686 

32,92 1 
634,387 
38,45 1 
2,425 

-." 12,910 
721,094 

Sales summm*es 

components: 
ition at national and regional meetings of 
i a l  and professional organizations; 

2. production and distribution of publications, 

3. advertising in technical and professional 

4. public relations activities; and 
5. 

including a catalog and ~1 

publications; 

market research into the uses of and needs for 

ope Production and Distribution exhibit 
was displayed at  the Ameri~m Nuclear Society 
Topical Meeting on Industrial Radiation and 
Radioisotope Measurement Applications at  
Pianekrurst, North Carolina; at  the Tenth Conference 
on the Application of Amlerators in Rcsearch and 
Industry at  North Texas Statc University, Dcnton, 
Texas; and at  the 36th Annual Meeting of the 

e at  St. Louis, Missouri. 
and distributed during 
sues of the newslettcr, 
~n of the products and 

ordering brochure? 
ough display ads in 

listings in national and i 
directories. 

'Iq-ic following customers were visited: E. I. du 
Total radioisotopes and Pont in North Beilirica, Massachusetts; Mallinckrod t 

in St, Louis, Missouri; and the University of 
Heavy elements and EM stable isotopes Missouri in Columbia, Missouri. In addition, the 
Other special materials 7211,094 Isotope Production and Distribution program was 

Total sales 17,603,765 represented by Chem Tech personnel at the 
I ~ t e r ~ a ~ i o ~ ~ l  Target Development Society mectirig 

"EM = electromagnetically separated. at  Darmstadt, Germany, and the 7th International 

8,460,170 

422,501 
non-EM stable isotopes 





Table 4.9. Radioisotopes from off-site facilities 

Los Alarms Meson Brookhave Linac Argonne National. Advanced 'lest 
Physics Facility Isotope Producer Laboratory React o f  

@CO 
153(;d 

1921~ 

6 ? ~ ,  

7 ~ e  mPu 
73A!3 67cu ;?37Pu 

7 7 ~ r  %g 
lO9a 22Na 
67CU 97RU 
@Ge "Sr 
alUJ ' 2 7 ~ e  
32Si 
8 2 ~  r 
' 2 7 ~ e  
@8y -"- 

7Be s2Fe 
2 0 7 ~ i  

"Rclongs to Idaho National Engineering Laboratory. 
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Cultures of either organism grown in the 
presence of coal produced a high-molccular-weight, 

oxygenated , pres u ma b ly po 1 y a ro ma t ic, 
which was evident in aqucous samples 

by acid precipitation of spent culturl: 
~ l e c u l a r - w ~ ~ ~ ~ t  fraction may 

be a t  least  partially derived from 
lower-fnolearPllar-~ei~~t material detected in dioxane 

tures, The basis for 
lymerimtion is not 

ular-weight material 

wfp in Pnecilomyces cultures, 
in product composition 

ilia cultures yielded 

imdicated that the high-molecul 

over time, suggesting 
iosolubilized mal in 
cultures, Preliminary 

microbial metabolism. 
bacterial culture was d e ~ c l o  

1y able to produce methane an 
dioxide from biosolubilized coal (Fig. 5.1). The 

rther degradation of the 
ned within the solubilized 

providcs a basis far 
tion of a two-step 

conversion of mal to useful products. 

iological solubilizaticd 
direct microbial action 

a1 particulatm in an 

s that cover a wide range of 

has beelm on anaerobic 
~ ~ l ~ ~ i ~ i ~ ~ t ~ ~ ~  af solbbituminous and bituminous 

er, the ~ ~ ~ ~ a ~ ~ $  of the 

coals utilizing both microorganisms and in vitro 

ier research indicated that, under some 
eircums tames, in vitro a n  also affect 
the s ~ l ~ ~ i l i ~ ~ ~  caion of coal. Such a 
biopromsing approach is of grcat interest, since 

oxidative and reductive enzymcs 
in either aerobic or anaerobic 

, thus allowing a variety of bioprocessing 
e use of an organic solvent instcad sf 

an aqueous medium in conjunction with the enzyme 
may also be possible. Such a 
a% environment that interacts 
the coal paaticulatcs and is 
npslar solubilization product 
perties that are similar to 
hemical coal liquefaction 

The use of isolatcd enzymes for coal 
solubilization has been further investigated, with the 

hancing enzyme activity, especially in 
s.3i4 Several oxidative enzymes have 

P the solubilization of low-ranked 
coals (lignite and subbituminous) in both aqueous 

ydrolns organic media. Peroxidase has becn 
to increase mal solubilimtion, particularly 

within an organic medium. Howevcr, the anaerobic 
solubilization of coal may be even more important 
than the oxidative interaction, espccially if 
molecular hydrogen can be used at modcrate 

Anaerobic enzymatic coal solubilba tion has now 
been demonstrated. The catalyst used in this work 

gcnasc, a reductive cnxyxne, 

en 

products. 

temperatures. 

t with bituminous coal 
a t ~ Q s p ~ e ~ ~  within a benzene 

t gencrated during this 
nt from that prsduccd 

ive and reductive enzymes can thus 
accelerate the solubilization of coal in organic 

The rcacting systems are very complex, with 
ous important operating parameters. In many 

cases, the cffccts are measurable but minimal and 
basis for process dcvelopx~aent 

earch is carlricd out .  Thc use of 
enase in an organic medium under 
ions for the solubilization of higher- 

e most promise, with the 
much lcss polar than the 

oxidative prod~~ct,  
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to irradiate the platinized chloropllasts at varying 
perpendicular distances from a singlc linear 
p l a ~ ~ ~ u ~  electrode in pressure contact with the 
platinized chloroplasts. A sustained stcady-state 

f current from the point of laser 
the linear wire electrode was 
absolute value of the measured 

photocurrent and the maximum perpcndicuhr 
distance b e ~ ~ ~ e ~  the point of irradiation and the 
linear wire elcctrode d e ~ c ~ ~ ~ ~  critically on the 
experimental procedure used to prcpare the 
platinized chloroplasts. 

A schematic illustration of the  expcrimcntal 
nt is shown in Fig. 5.4. This i s  a cross- 
the entrapped platinized chloroplasts and 
trode viewed parallel to the axis of the 

electrode. The helium-neon laser and front-surface 
ecting mirror are mounted on a linear transla- 

tion stage whose position is controlled by a steppcr 
motor. Type-C chloroplas ts were prepared according 
to the procedure of Reeves and Hall.' In this 
procedure, the chloroplast envelope i s  osmotically 
ruptured, exposing the photosynthctic membranes io 
thc external aqueous mcdium. Solutions of 
chloroplatinic acid neutralized to p€l  '7 with NaOH 
were prepared. The amount of precipitated platinum 
could be controlled by adjusting the conccntration 
of hexachloropla t ina te. 

A 5-nL suspension of spinach chloroplasts 
(containing 3 mg of chlorophyll) was used for these 
experiments. PlatiniTation of chloroplasts is fcasible 
because the chemistry of hexachloroplatinate allows 
it to be converted to metallic platinum at plI  7 and 

FRONT 
SURFACE MIRROR -.-. 

PLATINIZED 
CHLOROPLASTS 

LMEAR 
ELECTRODE 

FLTE 
PAPE 

I- REFERENCE 
ELECTRODE 

Fig. 5.4. Schematic illustration of the experimental setup. 
Shown is a cross-scctional view of the photobioelec- 
trochemica1 cell viewed parallel to the linear platinum wire 
electrode. D is the perpendicular distance from the poinit 
of irradiation of the helium-neon laser beam to the linear 
wire electrode. 

room temperature. Thcse expcrirnen tal conditions 
prcselwe the functionality of the isolated chloro- 
plasts. The platinized chloroplasts were cntrappcd 
on fiberglass filter paper (Millipore, AP40) and 
were moistened with Walker's assay medii.im which 
contained the chloroplast suspcnsion. A silvcr/silvcr 
chloride reference electrode was p6aced in prcssure 
contact with the filter paper; a singlc 0.2S-rnm 
platinum wire was placed in prcssure contacl with 
the entrapped platinized chloroplasts. Thc 
elcctrodes, platiniacd chloroplasts, and filtcr p p c r  
were hcld together with LuciteB platcs and 
compression screws. In order to prevent thc clcctro- 
chemistry of atmospheric oxygen from intcrfcring 
with cathode reactions by providing aim-natc 
pathways, the enltirc: assembly was placed in a small 
glass chamber sealed with O-rings. The O-rings wcrc 
pierced to allow the passage of small wires for 
establishing electrical contact with the electrodcs. 
Helium gas flowed rthlrough the cliambcr to flush 
out atmospheric oxygcxa. After -45 min, the oxygcn 
concentration of the chambcr was c - 10 mc@. 

recipitation step was performed 
reactor e l l  maintained at  20°C 
was passed over thc headspaw 

of the reactor while thc chloroplast suspe 
gently stirred in a neutral hexachloroplatinate 
solution with a Teflon@-coated magnetic stirrer. 

es of 30 to 60 min were uscd. After 
and precipitation, the rcactor chambcr 

d to air, the contents were filtered onto 
the filter paper, and the e l l  was assembled as 
described above. This coprecipitation step was 
essential. 

The novel obscavation f this research is the 
effcct of the precipitated platinum on the 
photoconducvivity of the chloroplast matrix. 
Figure 5 5  illustrates the current-vs-distance profile 
for a sample that contains 1.3 mg Pt/cm2. Each data 
point represcnts a true steady state flow of current. 
Although steady statc was achieved within a few 
minutes of each change in the laser beam position, 
a sustained current could be observed for hours. 
Each data point represents a dwell time of 15 to 20 
xnin. 

It can be seen in Fig. 5.5 that the photocurrent 
has a maximum value when the laser beam is 
directly over the linear platinum wire. The degree 
to which the laser beam can be moved from the 
wire and still allow photocurrent to be observed 
depends on the amo nt of platinum precipitated. 

The origin of the photocurrent can be explained 
as follows. It has been previously shown that 
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e a n  be subsequently re 
hopefully, full recovery of activity. 

I 

The key result of this work is that although thc 
CBH I component of cellulase is partially dematurcd 

) and inactivated by high concentrations of 
Gdn HCB (4 M), CBH I can be fully renatured a 
reactivated after removal of the eluant, as judged 
fluorescelam spectroscopy and activity meaSUrellneBPtS* 

The fluorescence spectruna of a protein is an 
indication of its physical state and can be used to 
monitor denaturation, or  u n f d  imag, of its native 

of 4.5 M Gdn IlCl on the 
I is shown in Fig. 5.6. These 

data show that artial, or local, unfolding of 
CBH I 0aBars igh concentrations of 

that the extent of 
e after 30 min. This 

~~~~~ seem likely since this enzyme has been 
reported to contain 12 disulfide bridges. An 
extensive decrease in f l  orescence or the unfolding 
of CBH I requires, presumably, the addition of a 
reducing agent, such as dithiothreitol or p- 
mercaptoet ha noll. 

Almost complete inactivation of CB 
occurred at  0.25 M Gdn HCl. It appears, therefore, 

120 

110 
w 2 100 
w : 90 
CY 
W 
3 80 

70 
I- 

2 60 

10 29 30 40 50 60 1 2 3 4 5 6 

TIME (min)  GUANIDINE HYDROCHLORIDE (h4) 

Fig. 5.6. ?he effect of Gdn IICl on the fluoresccricc of 
CBI1 I. Time course of the decrease in tryptophan 
fluorescence at 350 nm of CnTI I by 4.5 M Gcin I-ICI: (a) 
effect of Gdn HCI concentration; (b) fluorcscence 
measured 1 f i  after incubation with CBI-I I. The closcd 
triangles represent the fluorescence of 4 M Gdn TICI- 
treated CRH I after its renaturation by gel filtration. 
kcitation of CBII I by 280 ~ K I I .  

concentrations of S d n  WCl inhibit C 
parenat loss in acti 
o r  denaturation, 

much higher corswmtratis 
The adsorption kinetics far the binding of CBH 

1 to AviwB (microcrystalline ~l lulosc=) ,  given in Fig. 
re completely abolished in the presence of 

4 M Gdn HCl. Consequently, there was no hydroly- 
sis of Avicel. by CBH I in the presenm of this 
concentration of Gdn WCl. The extent of binding sf 
CBH I BO Avkd decreased as the @oncentratism of 

t in the aeacbion mixture increas 
pletely preventec9. by 2 A4 Gdn M 

The finding that 4 i?4 Gdn HCl prevents the binding 
of CBH I to AviceB suggests that parlial unfoldin 
or ~ ~ ~ ~ ~ ~ r ~ t i ~ ~ ,  of CBI-I I, resulting in decrease 

uaPreswnCg,, is the mechanism w 
eveaztd. 

a I 

After treatment of CBH I with 4 M Gdn t 3 q  
the solution was dialyzed overnight a6 4°C to 
remove the denaturant. The dialyzed, dcaiatured 
enzyme was assayed for its bility to hydrolyze p- 
nitrophenylccllobioside (PNPC) and Avicel to 
determine whether rcraaliuration had occurred. The 

'1 
A 

-7.- F I' 

0 2 4 6 8 1 0 1 2  

CBW I PROTEIN ADDED (pg/lOO p L )  

5.7. 'me adsorption of native and rcnatured CDH I 
to (1% w/v> microciystalllinc cellulose (Avicel). Native (a) 
or renatured (A) CDIH I. 
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columnar reactors, as described below. In order to 
predict arid sale up the overall kinctics of these 
systems, the mass transfer of substrates within the 
gel must be measured and correlated. 

A transiena equilibration technique was used to 
measure solute diflusion within gel beads of 
different compositions.6 Prcviously, it was 

that the diffusion coefficient of glumse 
approaches that in water for k-car- 

rageeraan gels of 1 to 4%. Other solutes have now 
been determined to give similar results ('I'ablc 5.2). 
Most importantly, the presence of additives such as 
microorganisms or  i organic oxides in the bead does 
decrease the diffusion coefficient. This was 
correlated for microorganisms from experiments 
using inactive ~s~~~~~~~~~~~ ~em@nosa (Fig. 5.9). 

En 

Increasing interest in biocatalysis in organic 
media has promptd research into methods for 

Table 5.2. ~mmparimn of diffusion coefficients of wvcral solutes ~n 
4% kcarrageenan gel beads and in water at 30°C 

Molecular (lo6 cm*/s) 

_". __I. 
Diffusron coefficienl 

--- Solute waght 
In gela In water 

Ethanol 46 10.1 11.0 
Glucose 180 6.7 6.8 
L-tryptophan 204 5.8 6.6 
a-lactalbumin 14,2OO 1.2 1 .o 

"Standard deviation 3= 50.5 x IO.* cm2/s. 

t x l o - ~ )  

- 
v) 
3 U 

0 

W 5 

5 4.0 - 

!k 5.0 - 

w 
U 
U. W 

LCI 
a 3.0 - - 

1 
0 0 1  0 2  0 3  0 4  0 5  0 6  0 7  O B  

MICROBIAL VOLUMETRIC FRACTION. f 

Fig. 5.9. Effect of microbial loading on ~lucose diffusion 
at 30°C in 4% k-carrogeenan gel beads. 

solubilizing enzymes in organic solvents so that they 
a n  retain their activity. AH1 entirely new approach 
has been developed for the enhancement of enzyme 
solubilization in organic solvents in the absence of 
water, The approach is  to chcmially complex 
enzymes to support molecules that arc less polar, 
thereby rendcrring thcnln more hydrophobic and more 

anim. T h i s  a n  

not affect activity. Tke bridging chemicals of interest 
here are triazine dyes, which arc insoluble in 
organic solvent but can be bound to polyethylene 

water-soluble polyxiaer possessing 
in organic S ~ V U I ~ S . '  The 

@omplex is being investigated as 
a vehicle to enhance enzyme solubility and activity 
in organic media. 

The solubility of cytochrome C and of 
peroxidase in benzenc could be incrcascd using the 
polyincr-dye arnplex. For example, the 
PEG-dye-cytochrome C mmplex was formed in 
aqueous buffer utilizing -20 mg/mL of the 

G-dye complex and 5 wng/rnL of thc enzyme. The 
tcrial was then dricd and dissolved into pure 

benzene. Material that did not dissolve 
by centrifugation and the enzyme conccntration 
determined spectrophotsnxaetriclly. Table 5.3 shows 
the significant increases in solubility with these 
enzymes. These enzymes maintained activity when 
back extracted into aqueous buffer. 

Preliminary tests were performed with reduced 
cytochrome C in benkenc t o  anaerobically interact 
with polyaromatic compounds including somc of the 
components of coal. Approximately 150 mUmL of 

mesh -i- 100 mesh) bituminous coal 
to the benzene solution in a shake 

atmosphere. After 
noted that solubilimtion of coal 
s enhanced frons 8 to 18%. 

ems 

The production of ethanol from dextrosc by 
iriimobilizcd cells of Zymonaonas msbilis 'has becn 
shown prcvious~f to allow dramatic increases in 
productivity (50 to 100 g Et0I-I L-' h-') and yield 
(98% of theoretical) using this system. Current 
efforts focus on modeling and scaleup. This 
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improvements in an Fx3R model. A model, 
fermenting, e x ~ e ~ i ~ ~ e ~ t a l  three-phase systcan is 

to characterize and correlate thew 
use of its capability to set the gas and 
tes independcntly. 

Electrownductivity is used to measure the gas 
holdup with this three-phase FIHR system, lasing a 
nonintausive probe constructed at  ORNL. In 
essence, both the broth and the beads are cqually 
conductivc, due to the salts present, while the gas 
is not; thus, the conductivity decreases with the 
amount of gas present. In addition, the multiple 
axial probes a n  estimate the liquid axial dispersion 
coefficient from the response curves to a salt pulse. 
The results have bcen obtained with --l-m.un beads 
in both a 2.5-cm-1D and a 7.8 
examine the effects, particularly 

qualitative differences in behavior between the 1- 
and 3-im.-ID columns when operated at the samc 
superficial gas and liquid velocities. In the 
2.5-cm-ID bed, the gas bubbles rapidly coalesce to 
fill the mlumn diameter. This a n  cause slugging 
behavior, with increased back mhing and lower 
conversions. In the 3 - h - D  colu 
reach an apparently stable size of 5-mn1 diam. This 
occurrence indicates operation in a turbulent regime 
where bubble coaleswnce and bubble breakup due 

sale  on thc syste 

100 

- 
u L  = 52.24 ( c ~ ) 3 ' 4 3  

1 .2 . 3  . 4  .5 .6 .7.8.9 1 2 3  
LlOUlD HOI,.DUP, c L  

Fig. 5.10. Superficial liquid velocity vs liquid holdup in a 
two-phase; solid-liquid FBR, Solid line represents data fit by 
carrelation of Richardson and 2C7kio9 

to shear are equal. The gas holdup in thc larger 
system was always ~ 3 % .  The correlation and the 
esltimatioiz of gas holdup in three-phase reactors 
have been. explored. A$ expccted, for liquid-solid 

i x d  beds the Richardson & Zaki equatiow' 
works v c q  well (Fig. 5.10). 1.10 er, in fluidized- 
beds low-density solids, the experimental 
obse that the liquid holdup remains constant 
for a range of gas vclocities has important 
ramifications on the correlations used. These 
include a linear dependence of the particle-settling 
velocity on the liquid velocity. Some speculation on 
the ~ ~ ~ ~ ~ ~ y i ~ g  of this phenomenon has been 
presented but es further research, The drift- 
flux na~sdlel has been shown to correlate the 
experimental data very well (Fig. 5.1 3 ) .  Correlations 
of these types, when combined with thc wake 
model, as dcscribcd elsewhere: allow the accurate 

tion of the gas-phase holdup in three-phase 
ed beds with low-density solids, suck as 

n coefficients were alculatcd 
to a salt tracer by the 

method-of-moments. Particlc Pccllet nuaibcrs (a 
ratio of convective to dispersive forces) are defined 
as 

40 

30 

20 

1 2 3 4 5 6 8 10 20 30 40 

SUPERFICIAL GAS VELOCITY, ug (cm/min)  

Fig. 5.11. Plot of modified drift-flux velocity, veL ( l -cJ ,  vs 
the superficial gas velocity, ug. This plot uses all three- 
phase EBR data in Table 5.2. 
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Table 5.4. Effect of gas on separation of a biprticle fluidized-bed” 

I Purity of Slurry flow Bead rate Gas 

rate to top to top at bottom re movcd 
flow Added Re naoved Added Re moved bcads 

(J-W ( L W  (W (kads/rnin) (5% tan bcads) 

0.0 1 .o 
0.8 1 .o 
1.2 1 .o 
0.0 0.75 
0.1 0.75 
0”O 1 .o 

1 .o 
1 .0 
1 .0 
1.43 
1 .e3 
2.0 

264) 
260 
260 
344 
344 
4369 

170 
98 
58 
290 
130 
450 

100 
99 

100 
97 
99 
99 

‘Net liquid flow rate through F B W  is 4.9 IJh; beads dcscribcd in text. 

at the base of the column. $he red bcads quickly 
rose to the top of the bed. The expansion of the 

s still sufficient to retain both 
hen this section was eliminated, 

be collected and removed from 
&current operation is feasible 
require a greatcr density diffcr- 
ch existed bctween this pair of 

I n ~ u s t ~  has developed interest in using 
bioreactors for production of liquid 

cals, such as organic acids, solvents and 
roduction of organic acids should 

system. Lactic acid 
of the relative ease 
the a v a i ~ a ~ ~ l ~ t y  of 

ng data on adsorbents for lactic acid, 
t industrial interest and the possibility 

research. Activated carbon has been 
C ~ Q S ~ X ~  as an initial adsorbent. Initial capacity tests 

n performed on two activatcd carbons and 
one anionic adsorbent. At a Concentration of 1% 
lactic acid, the Filtrasorb carbon is expected to have 
a capacity of >O.l g/g. 

s research includes investigations into the 
istry of the actinide elements, 

their analogs, and fission products and studies on 
t of macrocycles on solvent extraction 

of the lanthanides and actinides. Small- 
y and neutron-scattering studies of 

and analog polymers, together with low- 
ture infrared studies of matrix-isolated 

actinides, serve as the current principal focus of this 

work, as the solvent extraction work has been de- 
emphasized. 

ct 
This continuing research effort in actinide/ 

fission product chemistry i s  concerned with tplc 
behavior of these elements in various separations 
schcmes, Because the SCQ e of the program is 

erous activities encompass many tech- 
rations. Currently, these efforts 
on (1) spectroscopic studies of 

trix isolated actinide species, (2) small- anglc 
neutrons and X-rays from hydrous 
synergistic effects of macrocycles in 

the solvent extraction of lanthanidcs and actinides, 
ynanic studies of lanthanide and 

actinide coordination chemistry in room-temperature 
molten salts. The emphasis in this overall effort has 
been shifting toward the first two areas, with an 
associated de-ctnphasis in thg: latter two. Details of 
each of thcsc efforts are given below. 

rat 

In our spectroscopic studies of actinide and 
related compounds, we seek an undcrstanding at the 
molecular level of structure, bonding, and chemical 
arid photochemical reaction mechanisms. In recent 
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A preliminary analysis of the infrared spectra of 
of IIF with sF'6 has been completed. 
ncentrations of the MF and SF,, the 

annealing behavior, and the band positions of the 
HF modes, the 1:l (SF,:HF), 1:2, and 1:3 complexcs 
have been identified. The normal 3919 ern-' position 
of the HF stretching mode, as seen in Table 5.5, is 
shifted in the 1:l complex by only 14 to 18 cm-', 

hich indicates a very weak interaction. While this 
weak interaction makes SF, an ideal fluorine atom 
source for HF chemical lascss, the weak interaction 

from the isolated SE', modes to be 
addition, the weak interaction 

by the limited diffusion. of sF6 in solid 
determining the exact number of SF6 
ent in each complex (which here is 
one). Based on earlier studies and 

the band positions of the 1:l and the 1 2  complexes, 

HF and SF6-€'IF-'MF. The 1:3 complcx involves a 
slyrner that is slightly perturbed by the 

h e ~ a ~ ~ o r ~ ~ ~ .  The position of the sF6 with respect 
to the polymer cannot be detcrrnined from the 'IR 
spectra. 

The initial. interpretation of the HF complexes 
with MoF6 based an  infrared spectra has indicated 
that the M0F6 and HF systcm is much M O ~ C  
complicated than the sH;k and HF system. Using the 
chlorine and 1-W complexes from an earlier matrix 
IR study as models, two 1:l complcxes, MoF6-€IF 

IR band intensities, the anti-hydrogen-bonded 
complex i s  clearly the more stable arrangement 

does not shift the fI"eqUenCkS Of conplexed SF6 

SF6 and WF folrIl.1 hydrogen-bonded COlllpl@XeS, SF6- 

and haoF,-i%i, have been observed. Based 011 thc 

under these experimental conditions. In addition to 
the 1:l complexes, a single 1:2 complex was 
observed and assigned to MoF,-R-Q-FH, an  

es were characterized. Again, 

hinders its usefulness as an inert fluorine source for 
HF chemical lasers. 

Small-angle X-ray scattering (SAXS) 
ems have been perform 

hydrous polymer suspensions of 0. 
monodisperse species of a 0.48 
gyration has been observed for all 
and is consistent with the existence of tetrameric 
Zr(IV) units. As the Zr(1V) concentration was 
incrcased from the lower limit, interference from 
interparticle scattering was obsewcd in the Guinier 
plots of the data, as shown by the nonlinear portion 
of Fig. 5.13. The osition at  which the interference 
occurs, however, i s  consistent with the interparticle 
separation for each solution. 

These data for monodisperse polymers have 
provided a basis for testing particle geometries by 
intensity calculations which are sensitive to changes 
in the geometry. Intensity distributions for spherical, 
ellipsoidal, and cylindrical particles have been fitted 
to the observed data. These distributions are based 
on the intensity of a scattered X-ray of given 

Table 5.5. HF stretching mode band positions (in an-') in bexafluoride/lt-i(I' complexes 
produced on codeposition of hexafluorides and NF or I)F i t h  excess argon at 12 K 

3905 2866 391 1 
3903 
3901 

3883 
3879 

3818 2797 
3777 

3692 2712 3693 
36 27 10 

341 1 
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excellent group separation could be achieved, but 
there were no significant separations of thc 
individual elements. 

These results were further confirmed by studies 
acrocyclic nitrogen donors as synergists 

with 'ITA. Simple tertiary amines, such as tri-n-octyl 
amine, showed the same synergistic effect as the 
macrocyclic donors. We have observed that TTA 
performs poorly as an extractant in hydrocarbon 
diluents unless a critical concentration of a synergist 
or othcr phase modificr is present. Specifically, the 
metal species tend to collect at thc interface of the 
system rather than in the aqueous or  organic 
phases. Under seine conditions, a finc white 
precipitate can be seen at  the interface, even in the 
absence of metal ions. The precipitate was isolated 
and identified as the ketohydrate of ITA by its 
infrared spectrum. It i s  likely that the addition of 
a synergist or other phase modifier dchydratcs this 
TTA species, increasing its solubility in the organic 
phase and improving the performanee of the system. 

Studies of the synergistic solvent cxtraction of 
Aan(II1) and Eu(1II) from a chloroacetate buffer 
with 'ITA and triisobutylphosphine sulfide (TIRPS) 
in cyclohexane were completed. The metals are 
extracted as two metal complexes, [M(T11A),] and 
[M(1TA),(TIBPS)( CLO,)]. For europium, the 
logarithms of the extraction constants are -7.7 k0.l 
and -2.34 10.01, respectively. For americium, the 
values are -8.4 k0.2 and -2.57 kO.01. The 
extraction of both Eu and Am is synergized by the 
addition of TIBPS, but the effect i s  smaller than 
that of an oxygen donor. 

the synergistic properties of 
such as octyl(phenyl)-M,N-di- 
ethylphosphine oxide (CMPO) 

was conducted. It was found that thesc ligands show 
a synergistic effect on the extraction of actinides and 
lanthanides at  low synergist concentrations, but 

ow an anti-synergistic effect at slightly higher 
oncs. 

T S Of 
nthanid ini 

I-Iighly purified AlCl, and l-ethyl-3- 
niethylirnidizalium chloride (EMIC), which together 
form a molten salt at room temperature in acidic 
( > S O  mol 96 AlCL,), basic (<5O mol % AlCl,), and 
ncutral mixtures, were synthesized. The uranyl ion 
is stable in basic melts, but it is slowly (over a 
period of days) reduced to U(V) in acidic solutions. 

This reaction was followed spectrophotonietrically in 
an effort to determine the reaction rate constants. 
The data are consistent with a two-step mechanism. 
The relatively fast first step is a first-order process 
with a rate constant of -0.09 min-'. 'The slower 
second step is also a first-order process with a rate 
constant of -0.0004 min-'. These results were 
obtained by watching the growth of the tJ(V) band 
at 395 nm. Further cxamination sf the uv-vis 
spectra obtained for the reaction mixture has 
revealed a band at 1515 nni that appears during 
early stages of the experiment and then Qisappcars 
as U(V) is fornied. 'This band is assumed to be due 

ediate that forms from thc fast 
reaction. These studies have been conducted in 
collaboration with G. R. Choppin of Florida State 
University . 

Fundamental studies are pursuc 
areas of cngineering research: th 
novel approaches to the improvement of chemical 
separations the development of fun 
knowledge will lead to better unde 

tion phenomena and ultimately yield 
predictive methods. Enhanced mass 

erformance is sought in a. variety of 
multiphase separation processes, such as solve 
extraction, vapor-liquid systems (distillation), sdid- 
vapor (vacuum sorption), and solid-liquid 
(Chromatography and high-gradient magnetic field 
separations). In the fluid-fluid work, an important 
thrust is the enhancement of transport through the 
interaction of external fields with the interface. This 
has led to in-depth studies of dispersion and 
coalcscewce in liquid-liquid systems 
influence of electric fields as we 
fundamental mass transfer studies under oscillating 
and disruptive conditions. The overall program has 
led to developing and patenting of a new solvent 
extraction concept, the emulsio -phase cantactor 

e investigation of high-intensity, high- 

exccllent potential for the separation of 
mxacroxnolecules and particulate entities, A wide- 
ranging study of cop11 tinuous annular chromatography 
(CAC) as applied to bioseparationis and eo metals 
separations has been completed with tcchnolo 
transfer in full progress. 

Finally, a new approach to the understanding 
of solute-solvent interactions in the supercritical 

gnetic fields has show 
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or sessile) drop shapes with electric field strength. 
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Fig. 5.16. Neutral stability curve in parameter s p m  for 
sulppQrt& drops: critiml field strength for instability vs drop FIR. 5.17. Frequencies of oscillation as a function of radius 
size for drops niaking either a f ied contact lillc or a for water drops falling in 2-ethyl-1-hexanol; a comparison 
contact angle with the supporting plate. of experinlental and theoretical results. 
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to control the motion of and i 
coalescence/phase separation of the liquid- 
dispersion. The EPC is a continuous, countercurrent 

multistage extraction device that uses electric 
field i ~ t ~ r a c t ~ o ~ s  to control droplet formation, 
transition, and coalescence. Due to the vast a 
of surface area, t e mass transfer performance of 
the device has groved to be an order of magnitude 
better than other laboratory-scale dcvices reported 
in the literature, 

While exhibiting outstanding mass transfer 
performance, the throughput of thc preliminary 

as extremely low. Improvements have been 
made in the electrode desig nQ the type of 
electric field used in orde o increase the 

is device. Figure 5.20 is 
showing the new electrodc 

he EPC has two electrode 
st for dispersion of the 

aqueous phase out of nozzles and a sccond which 
controls thc holdup and coalescence of the 
dispersion in the device. The dispersion section is 
comprised of charged electrodes that surround 

zles through which the aqueous feed 
This field effectively disperses liquid 

Fig. 5.20. Schematic drawing of the emulsion-phase 
con tactor, showing the new electrode design. 

ale  and amlcaatcs it dow 
trode set, or operating channel, is 

comprised of allternatin chargcd and grounded flat 
es. T h i s  section of thc device gives the 
significant side-to-side motion, thus 
ldup in the system. In the operating 

channel, numerous redispersion and coalescence 

urc 5.21 illustrates the type of electric field 
used in the system. y utilizing a high-voltage diode 
in the circuit, electrical pu sent to the electrodes 
a n  be substantially trapp 11 the elcctrsdes, Lass 
of charge occurs from the grounded surfaces in the 

offset occurs between 
d surfaces. The result i s  a 

that has voltage spikcs 
-field offset. Utilizing this 

cvents take plam. 

ases the frequenq of 

clectrode design along with the co 
throughpanli of the system was inc 
of 100. This puts thc throughput near the values of 

B industrial devices. 

.EED 

CHARGE0 
PAR4CLtl . -  

ELECTRODES 
PLATE 4 

L---7-.--. J PULSE 

a b *” I ---I I GENERATOR 

HIGH- 
VOLTAGE 

DIODE 

GROUNDED F 
NOZZLE 

A H IGH- -VOLTAGE DIODE IS USED TO PREVENT 
BACKFLOW OF CHARGE FROM ELECTRODES 

TO THE POWER SUPPLY. 

ItIPUT FROM PULSlI 
GENERATOR 

(DUTY CYCLE i 0.57.) 
POTENTIAL AT THE 

ELECTRODES 

TIME TIME 

A S  THE P U L S E  FREQUENCY IS INCREASED, A 
DC OFFSET DEVELOPS BETWEEN THE N O Z Z L E  

A N D  ELECTRODES. TYPICAL VALUES: V, = 6 k V ,  
2000 H z ;  W I= ? / A s ;  Vr 4 kV.  

Fig. 5.21. Schematic drawing of the emulsion-phase 
contactor, illustrating the type of electrical field used in its 
design. 
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the fluid microstructure, Figure 5.22 shows the 
number of excess eo, moPe~ules, b 
average, that surround a dissolv 
~ o l ~ ~ u ~ ~  as a function of density for an isotherm 
just above the critical temperature, These a priori 
theoretical calculations are consistent with a 
growing body of e x p ~ r ~ m ~ ~ ~ a l  data that indicate that 

clustering i s  the fundamental cause of 
havior of supercritical solutions. The 

integral equation calculations also indicate that 

~~~~~t~ to have observable effects; indeed, 
independent spectroscopic studieP have show 
marked solute-solute aggregation in supeacrit 
solutions. Other effects of potential practical 

is . ,  acceleration of rates of bimolecular 

23724126-28 indicate that 
another type of supercritical soluti exist that 

se of the 
typical dilute supercritical solution. In typical 
supercritical solutions, the size and en 
solute-solute and solute-solvent interacti 
large cornpared with the solvent-solvent interaction 
parameters: ou, ojk > oi and E,, ejk > As a 
consequence of the clustering of solvent and solute 

les, as described above, these typical 
solutions are called dilute, aitmctive systems, and 
their behavior is characterize by large, negative 
solute partial molar volu d ra anla tic decrease 
in solute fugacity near the solvent cr i t ia l  point. 

In contrast, there must exist dilute solutions 
where the size and energy of solute-solutc and 
solute-solvent interactions are small compared with 

shows some characteristics oppo 

0 5.0 10.0 15.0 20.0 

DIMENSIONLESS DISTANCE, L 

Fig 5.22. X:xcess solvent molecules surrounding attractivc 
solute nmlecule. 

-La... 
1 

L - . . U  
2 3 4 5 6 7 8  

I N 7 E RM 0 LE C U LA R S E PA R A T  ION , r/a i j 

Fig. 5.23. Solute-solute pair correlation functions. 

the solvent-solvent interaction parameters: cs,, ojk 
e oi and eAk, ejk < One might guess that such 

Id exhibit a deficit of soh 
a dissolved solute ecule rather than 
ccQ, Fig. 5.24, a4 ted from integral 

just such behavior. Such 
11e4 dilute, repuZsive 
systems are predicted to 

be characterized by large and positive solute partial 
molar volume and dramatic increase in the solute 
fugacity near the solvent critical point. 

perhaps, the dilute, repulsive 
solutions exhibit solute-sol 

just like the attractive syste 

quantitative agreement in their predictions about 

- 
1 

I O  
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Fig. 5.24. Deficit of solvent molecules surrounding 
repulsive solute molecule. 
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pulsive supercri tical solutions. 
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Fig. 5.25. Predicted excess Gibbs free cncrgics of mixing 
in softly repulsive (WCA) fluids. 
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Fig. 5.26. Predicted residual chemical potential of a dilute 
solute-vs-energy ratio. 
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Fig. 5.27. Predicted residual chemical potential of a dilute 
solid-vs-size rat io. 

size; this varia ce resulted from inaccurate 
calculations of the distribution functions of the 
salcntian molecules around the test particle by the 
I--IMSA theony. 

t 

Our experimental studies of the effects of 
interactions among solvents, solutes, and surfaces 

just those regions that are most 
challenging to theory. In measuring solubility in 
supeacrital solvents, we have sought systems where 
thc solvent-solute size ratio is different from that of 
previous systems studied. Our adsorption 
measurements anticipate future theoretical 
investigations of inhomogeneous fluids at moderate 
density. Our planned neutron-scattering experiments 
axe aimed to test the predictions of integral 
equation theory for intermolecular separations 
between the first-neighbor distance (which has been 
tested with molecular simulation results) and very 
long range (which have been tested with exact 
asymptotic calculations). 

We have completed ~llr;",as~1rernents~~ of thc 
solubility of solid carbon tretrachloride, CCl,, in 
supercritical carbon tetrafluoride, CF,. The CF, was 
compressed, brought to the desired equilibrium 
temperature, and then passed through a bed of 
crushed (-1 mm), solid CCI, in an. equilibrium e l l .  
The solution was sampled into alp on-line mass 
spectrometer for analysis. After appropriate 
calibrations and verification of equilibration and 
reproducibility, solubility data were collected for two 
isotherms-at 244.0 a 249.0 K-----as shown in Fig. 
5.28. Data collected at two other isothernns-234.0 
and 239.0 K-were not reproducible, giving strong 
indications that presence of a third, liquid phase 
interfered with obtaining representative samples of 
the supercritial fluid phase. 

Both CF, and CCll, are almost spherical 
mo~eculcs, so that comparisons of experimental 
results with predictions from theory are not 
complicated by calculational details resulting from 
anisotropy. It should be notcd that the fluctuation 
integral, used in our theorctial  models, involves 
the spatial pair distribution function; thus, 
molecular anisotropy i s  handled by straightforward 
averaging over all orientat ion angles. Nonspherial, 
even p d ~ ,  molecules can be modeled (e.g., 
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neon in supercritical argon solution can be 

~ a ~ ~ ~ t i ~ l l y  driven turbine 

eshore platinum resistance thermometers wit 

ulti 
U 

h 
Continuous annular chromatography (CAC), a 

, utilizes an annular 

ly in trdued  at the top of the 

ogratphi~ elution of the feed 

publications." J9 

ave been made rece 

as in terms of ne 

implemented for the CAC: step- 

Several novel a tions of CAC werc 

p r o t e i n ~ , 4 ~ ~ ~  (3) the separation of iron-ctmmiznm 
ution,4 and (4) the 
ins  acids and rare earth 

]I studies were arricd 
dcve~opment-4s Both 

~ x ~ ~ ~ i ~ ~ n $ ~ "  Resin sizes varied 

erirnnen~s being performed with 50-pm material. 
jdm, with the bulk of the 

ic 

n the CAC and the 
raph, annular disp 

the only divlcrgcnt point. Recently, we 
tions of hydr~dyna~~iic  dispersion 
The experimental study was 

performed in a 1.27-cm-OD cslurnn 60 cm long and 
a 30.5-cm OD GAC unit, with an annulus width of 

wd a depth of Bo cm, using %)owex 
50W-X8 resin with particle sizes of 45 ,urn and 

, an aqueous solution of dextran 
300,800) was used as the iionadsorbing 

the chrolllatographic media, In these 

feed. and deicaaaized distilled water served as 
eluant. 7 % ~  results sf this study are siimmarize 
Fig. 5.29 in the form of = udp/L), vs Re = 
uddg ~ W~~~~ dp is  the particle dia 
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acid, porous, cation-excha resin, is used as the 

sed as a model 
system. Equilibri mass transfer 

parameters are develop 
basis of fixed-bed ~ ~ r o m ~ t Q ~ ~ ~ ~ h  experiments. As an 
example of a broader study, a typical separation of 

bin mixtures by the CAC is shown 
in Fig. 5.31. The solid lines are model calculations 
that are based on the equilibrium and mass transfer 
parameters deter ined from the fixed-bed studies. 
Equation (5.4) can e used directly for these 
calculations and the s ing from the fixed-bed cifse. 

1 dispersion, the equation 
gives an excellent description of the process. From 
Fig. 5.31, it is apparent that the steady separation 

of the CAC is quite close to 
redictions using parameters determined from fixcd- 

eriments. This indicates that no significant 
channeling or  other nonidmlities take place in the 
CAC. 

separation mediu tures of albumin, 
n, and cytochrome- 

A program to asses5 the energy-related and 
economic advantages of using the concept of 
continuous chromatography as a replacement 
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Fig. 5.31. Concentration profiles for the continuous 
chromatographic separation of an albumin-hemoglobin 
mixture. 

technology for the separation portion of a number 
of technologies sclected the production of high- 
fructose sugars as a representative of thc burgeoning 

industry." The study focused on thc 
f the separation unit, currently bascd 

CAC, a rcccntly 
nent separations. 
between thc two 

decided to consider a typical plant, 
270 m3 bushels of corn per day, which 

metric tons per day (MTD) of 42% 
isomerimtim product, a significant fraction of which 

Involved in this combined plant were 
mse stream, which all returned to the 

saccharification unit. The jor energy laad on such 
a plant is evaporation of 2420 MTD of water. Using 
the CAC as the separation unit, the ability to 

(separation of rccyclc 
glucose) allows a 
recycle to thc 

tis reducing its size by - 10% 
as compared with the SAREX-based plant 
(Fig. 5.32). This not only reduced the energy load 
but the capital costs as well. The CAC was operated 
rather conservativcly, with a 45" feed sector. In this 
case, 4.2 MTP) of a crystalline 99+% fructose would 
be made in addition to the 368 MTD of 42% 
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42s FRUCTOSE 
PRODUCT 
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WATER 

55Z PRODUCT FRUCTOSE 

WATER 

I ¶ ¶ + X  FRUCTOSE 
PRODUCT 

Fig. 5.32. Sshenmaic flowsheet of a typical high-fructose 
corn syrup plant with a CAC seoaration unit. 
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ment realized 
sector is used. 

t energy mns 

British therma 

CAC to new inst 

was used as the m 

ntial of this met 

O. At a feed concent 
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be distributed along the column le 
affinity for the sor 
mpowent acting as a "displacer" for each 

downstream species. The separated components cxit 
the mlurnn as adjacent bands in order of increasing 
affinity, with the displacer immediately following the 
feed components. The displacer is  then removed 
from the sorbent with an appropriate regenerant, 
and the column conditions are restored for the next 
fed-displacement cycle. The overall result is a 
separation of a dilute mixture into coriccntrated 

n practice, of course, S Q B P Z ~  overlapping of 
peak? will result from dispersion and 

fer resistance. Impure product fractions 
are generally recovered and recycled. 

Gncepauallly, displacement chromatography 
separations can be carried out in a truly continuous 
manner by arranging the CAC apparatus as shown 
in Fig. 5.34. In this case, the annular bed is 
provided with four different solutions: the fced to 
be separated, the displacer, the regenerant, and the 
rinse. Thcsc four solutions arc evenly distributed by 
an appropriately designed stationary manifold and a 
flaw d o w ~ w ~ ~ ~  s i  ultanmusly through the rotating 
bed, each occupying a sector of circumference 
proportional to its flow rate. The solutions exit 

-DISTILLED WATER 

+ I  
I 

/ FEED-' 

LREGENERATOR 

Fig. 5.34. Simplified diagram of a CAC operating in the 
displacement mode. 

sary to regenerate the ssrbe 
proper form for loadin 

eration and feed 
a rinse ssnlubioln to 

r e n m c  e x ~ s s  om the b d .  A 
fundamental study was made of rare earth 

a acid mixture of L-glutamic 

exchange capacity sf 5.6 A 0.2 mmol/g dry rtxin. A 
typical. ~ ~ e ~ ~ ~ e ~ ~ ~ ~  CAC chromatogram i s  
in Fig. 5.35. The focus here is  on the feed- 

ent procmses, since it was determine 
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Fig. 5.35. Comparison of experimental and calculated CAC 
displacement chromatographic separation. 
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swcral other i ~ v ~ s t i ~ a t i o ~ s  to identify the self- 
consistent sees of data, Hydrogen-reduction methods 

the absolute oxygen-to-metal ratio 
were developed*57 This has bwra presented to 
several audien@ess8 
article in the Octo 
the Antericm Ceramic Soeieg.s7 

It was also noted that ~ a r r b ~ ~ ~ a t e  in 123 had the 
potential for degrading the superconducting 

fore, the solubility of CO, in 123 
t 6173 K, a comnion processing 
rts on these results are in thc 

publication p r s c e s ~ . ~ ~ ~ ~  
A n  informal cooperative effort was established 

with ANL to determine the standard e 
formation of compounds in the Y-Sa-Cu-0 system. 

ed well-characterized compounds for the 
rimcwts. Again, the results arc in the 

work on actinides has now been 
Pub $'he wonstoicbiometry of U02-xN3d4, the 
LJO,-based solid solution extcrnding toward U,N,, 
was determined experimentally and represented by 
an adaptation of solution thermodynamics. This 
resulted in expressions accurately reflect the 
interdependence of x on mature and the partial 
pressure of N, and 0, tial molal Gibbs free 

ns were derived for U 0 2  and IJq3N2 

e useful for any thermodynamic calculation 
involvimg the solution within the range of the data. 

of this and other nuclear fuels 
research was also presented as a seminar.63 

publicatio&l 

en[ research programs in the 
logy Division uti l ized 

lassr-light-s~teering sp roscopy to investigate the 
phenomena of h gcneous precipitation, 
con trolled aggreegatio d ~~~~~~~~ growth. The 
first was a series of fundamental studies of 
nucleation and g r s  
interest as precursor materials in ultrafine 
processing for a new generation of ceramic 
materials. The second area of interest was the 
measurement and theoretical. interpretation of 
transport properties of fluids in thc critical region. 
The, transport properties, such as viscosity and 
diffusion coeffkienl, provided important clues to the 

behavior of the fluid media in which the 
precipitation occurs:, 

As a result of the difficulty in forming 
uniformly mixed oxide particles by homogeneous 
precipitation techniques, another program, the 
Electric Dispersion Reactor, was initiated which 
investigated the use of pulsed dc electric fie% 
the synthesis of precursor particles for ceramic 
applications. 'This program was a collaborative 
research effort between the Emulsion-Phase 
Contactor Program and the N u d e  
and Tratisport Phensrrlleraa Program. 

h in the 

The synnthesis of single-component and mixed 
oxide ceramic powders that consist of very fine 
(submicron), monodispersc particles with uniform 
composition and high purity is desirable in thc 
improvement of existing ccrarnics and in the 
development of new ceramic materials. Metal 
alkoxidc hydrolysis i s  a very attractive method for 
thc synthesis of ultrapure powders at low 

ratpnees by the sol-gel process. This mcthod 
en used to synthesize monodisperse particles 

of silica9 titania, zirconia, and composite 
materials.M   he parameters that affect the 
moinodispersity and morphology of thc final powder 
include the reactant concentrations (ix., water, 
alkoxide, and atallyst), te pra ture ,  solvent, and thc 
type of alkoxidc group that is attached to the 
central metal. Fundamental studies have focused on 
how these important paranietcrs affect the  chemical 
kinetics and the colloidal stability of the particles. 
The ultimate goal is to eventually model, from 
microscopic properties and Brownian coagulation, 
the formation of submicradn particles by metal 

During this phase of the  program, rcscarch 
efforts have primarily focused on two systems: thc 
synthesis of silica from the hydrolysis of 
tetraethylort;5l0sili~te (TEOS) and the formation of 
mixed powders of alumina and titania from the 
hydrolysis of a mixture of aluminum scc-butoxide 
and titanium I-butoxide in ethanol and 1-butanol. 
The synthesis of submicron silica particles by the 
hydrolysis and condensation of dilute and 
concentrated solutions of 'I'EOS was studied in low- 

alkQXide hydr08J!SiS, 



atography analysis and by Raman 

the mechanisms 

of the mllo 

2 

n rate constant, 

ce area of the 

was mcasured 

6. E O S  hydrolysis in 



142 """I.- Chemical Technology -. Division Progren Report 

1.4 

1.2 

1 .o 

0.8 

0.6 

0.4 

0.2 

0 

+3-. CONTIN: 1 g TEOS 
e+ EYP.: 1 y TEOS --+ CONTIN. 0.05 M TEOS 

EXP.: 0.05 !,j TEOS 

0.03 0.05 0.07 0.09 0.11 0.13 0.15 0.17 0.19 0.71 

r. PARTICLE RADIIJS O m )  

Fig. 5.37. TEOS hydrolysis in ethanol: particle size 
distribution (0.7 M NH,OM, 6.0 M H20). 

results from both methods were in excellent ( c )  
agreement. Light scattering was wore attractive 

in situ. 
In the formation of alumina-titania particles, it 

was dismvercd that alumina content affects the rate 
of precipitation and colloidal stability, which 
ultimately affects the particle mc~rphslogy. Earlier 

bemuse of speed and bemuse the analysis was done Fig. 5.38. E M  of "iP~uniii3a"-"lilania" particles produced iH1 
ethanol (effect of the initial molar ratio of [A§93]:[TE]; 0.8 
M N2C)): (a) 0.015 A4 TIE, 0.023 M ASB; (b) 0.023 M 
TtE, 0.019 M ASB; (c) 0.031 M 'TIE, 0.012 IM ASU; (d) 
o.02 ha mEs 

studies have shown that momsized titania particles 
are easily formed in ethanol, 1-propanol, and 
1-butanoPj Figure 5.38 shows the particles 
containing 2 1 ,  1:1, 1 2 ,  and 0:l (molar ratio) 

ia. As the alumina csntcnt is 
decreased, the particles change from smaller, 
inmhercwt, open structures (a) to the forniation of 
larger, more spherical and campact particles (d). It 
was proposed that the effect sf alumina on the 
shape of the particles is due to an increase in the 
rate of nucleation caused by the alu 
increase in repulsive force (barrier to aggregation) 
between the ~~~t~~~~~ as the alumina content 
increases, The zeta potential for titania:alumina 
particles increases from 10 mV for pure titania 
particles to -60 mV for alumina particles, thus, 
indicating that the barrier to aggregation incrcases 
with thc alumina cantent in the particles. 

It was proposed by momas and McCorkle7' that 
as the barrier to aggregation increases, the particles 
have a tendency to form chain aggregates of rather 
compact dusters. Thus, tbc final particles formed by 
the aggregation of these smaller particles will 
consist of a more apcn and imrc 

was devclspcd and testcd PO predict the growth 
A population balance for 

kinetics of particles that arc prodiiced by the 
regation model. T h i s  model will be 

to thc systems where spherical particles are 
in dilute solutions @.ee9 silica, titania, and 

zirconia). To apply pealation balance vniodel to 

particles, it i s  we o couple the population 
model with Brownian or  Stokesian 

computer simulations where the shape of the 
Ics as well as thc particle size distribution is 

determined, 

systems where tcs form nonspherial 

The formation of uniformly mixed oxide 

and even impossible in some ascs. "IIs 
s the number of constituents in 

callcd the electric dispcrsiasa reactor (EDR-see 
Fig. 5.39) was dcvclo which allows the 

pssite oxidc ceramic 
precursor materials, such ads supermnductors. The 

a microreactor in the €om of a micron-sized droplet 

gcneous precipitation was foPaxaQ to 

ases, rncreforc, a new concept 

basic concept of the EDR involvd the creation of 
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Fig. 5.40. Silica particles prodused in the EUR [0.7 M NH,OII (dispersed phase) and ‘IEOS (continuous phase)]. 

t 

rticles produced in the EDR [sodium mctasilimte in the water (dispersed phase) and acctic acid in  2- 
ethyl- 1 -hexand (continuous phase)]. 



r most recent 



ALL ARE ENTERING SEALED BY LINES h ~~~ 

COMPRESSION TUBING 
FITTING 

"DRILLED - T H ROU GH" 

\ 
__ ~ 

OFF-GAS LINE 
__I______._I___ .....__ll_____.....l_ 

ELECTROLYTE FILL AND SAMPLE LINE SYRINGE pa-.....<;- ___ ______...... 
' I r---"""- 

TEFLON BLIND FLANGE 

-_ STANDARD 1 1/2--in. GLASS 
PIPE: FLANGE WITH BUTYL 
RUBBER GASKET 

NQMINAL 1 1/2-in. GLASS 
PIPE X 17 crn  

N 2  PURGE 

0 F F GAS 

0 F F -  GAS 
WATER SEAL 

COOLING 
SURGE 

CHAMBER 

ENTIRE SYSTE 

Fig. 5.43. Closed-system electrolysis cell used in cold fusion mts. 

All expcriments have bcen monitored for 
trons and gamnia rays by means of a NE-213 

scintillator with a pulse-shape discriminator placed 
immediately adjacent to the cell. A separate 
gamma-ray spectrometer employing a NaI detector 
was also used for detection of gamma rags. Both 
the neutron and gamma-ray spectra were 
periodically recorded by a small computer system. 
'13e tritium concentration of the electrolyte was 
measured regularly by sampling the electrolyte and 
using an externall scintillation system. 

Its 
Several different tests have been niade with 

both open and closed electrolysis systems. Two 

experinncmts yielded heat in excess of that provided 
by joule heating (generally in the range of 5 to 
10%). The experimental uncertainty for these 
~ x ~ e ~ ~ ~ e ~ ~ s  was 3 to 5%. In one test, excess energy 

-term (hundreds of hours) open-systc 

of up to 50% was observed for a few hours (see 
Fig. 5.44). Exwss energy of the order of 5 to 8% 
has also been mcas for the "closed system" 

a recombiner where the experimental 
es were 1 to 3%. Measurements on this 

latter system are more reliable because fewer 
assumptions arc required due  to its sealed-cell 
configuration. 

Background measurements for ne11 tron counts 
were performed before and after individual 

using the same counting systems. 
unt ratcs were irneaslnred by a NE-213 

scintillator which was placed immedia tely adjacent 
to the and which ~ ~ p l o ~ ~ ~  pulse- 
shape d 

determined by a 252Cf 
exceeding three stand 
were rare with only about three excursions being 
observed over several tho 

rsiorn after 70 h llustrates one splc 
during our third 

a 2-d pcaiod during the early phases of one test. No 
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Fig. 5. Test CF-2. 
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Fig. 5.45. Neutron count rate for Test CF-3. 
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further increases in tritium were obsemed during 
this or any other experiment. 

Although several research groups, inclerdixig our 
own, have observed apparent excess ener 

f heavy water, this phettomenon is not 
redictablc. System instabilities or 

have initiated this event, but this 
also needs to be further studied ;a 
has been no verification of xnuclear interactions 
(cold fusion) that is  compatible with current theory 

and with the level of e 
detected. However, exce 
groups, including OUR o 
not been measured 
determination of an en 

to offer a uni roach that will allow a more 
on of this interesting 
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Fig. 6.1. Fissian product release as a function of temperature and time in test VI-3. 

releases have varied between 20 and 65%. At the 
highest temperatures (2700 K), essentially all of the 
fission product krypton and cesium were released 
within a few minutes, as indicated in Fig. 6.1. Other 
volatile fission products (I, Te, and Sb) have been 
shown to be released from the UO, at rates similar 
to, or slightly less than, thosc of krypton and 
cesium. Tellurium and antimony, however, tend to 
combine with metallic Zircaloy and to be retained 
until the Zircaloy cladding is almost completely 
oxidized, as occurs in a steam a tm~sphere .~  In some 
tests, large fractions (up to -30%) of the llOmAg 
have been released and transported as aerosols. 
Predictably, bromine and rubidium have becn shown 
to behavc much like their respective chemical 
analogs iodine and cesium, which pose much greater 
safety hazards. Significant releases of fission product 
molybdenum and the cladding constituent, tin, have 
been measuscd also; the latter is significant 
primarily as an aerosol transport vehicle for the 
hazardous species. In addition, generally small 
releases of such fission product elements as Sr, Ru, 
Ba, and Eu have been detected in some tests. 

Comparison of the releasc data from tests in 
stearn vs tests in hydrogen has shown large 
differences for some elements. Whereas the releasc 
of 0, I, and Cs is similar in both steam and 
hydrogen atmospheres, the release sf many other 
fission product elemcnts is strongly dependent on 

atmosphere. As noted previously, antimony and 
tellurium arc retained in the Zircaloy cladding (and 
possibly in other structural metals) as long as it 
remains metallic. Cansequently, the relcasc of 
antimony and tellurium from the fuel is delayed or 
prevented altogether under reducing conditions. 

'fie total fractional rcleasc of cesium for our 
tests was compared with the CORSQR-M model, 
which is the current NRC standard, in Fig, 6.Z6 

n, all data from our tests (data 
cantly bclow the CORSOR-M 
t it is unduly conservative (high) 
t for vcry low temperatures 

( 4 2 0 0  K), where krypton 
cesium release, all results 
almost identical behavior for ton and ccsium. 

h fewer data are available €or other volatile 
product elements, the comparisons indicate 

similar conclusions. 

t 
r 

Assessment of the chemistry a i d  mass transport 
of iodine in containment during severe accidents in 
LWRs i s  an irnporta t component in determining 
the "SOUTCX term" or fission product release from 
containment. 
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h 
Tlhe Advanced Containment Experiment (ACE) 

is a multiphase reactor safety experimental program 
investigating the anticipated chemistry and physics 
in a reactor containment in the course of a severe 
accident. A serious concern in severe accident 
analysis is the potential release of gaseous 
radioiodines to the atmosphere. To address this 
concern, "Phase 8" of ACE will examine the 
retention of iodine species in the reactor con- 
tainment system during smlated sewre accidents. 
The effort at  ORNL support of the ACE 
Phase B Project consists of the following subtasks: 
(1) small-scale labo ry tests to investigate 

laboratoay tests to tigate iodine chemistlty 
issues associated with hydrogen burns; and (3) codc- 

hygroscopic at3rQ§Ql/i chemistry; (2) small-scale 

activi tics associated 
g of the ACE Phase 

scale tests, to be performed at ~ ~ ~ t ~ ~ h ~ l ~  Nuclear 
Research Btablishment (WNRE) in Cana 
the large-scalc experimcnts to be performed at the 
Battelle Pacific Northwest Laboratory (PNL). 

Tests of I, adsorption have been completed. Thc 
materials evaluated in the tests includc CS,CQ,, 
two-phascd  Cs,CO, (0.5F1,O + 1.5€-1,0), 
CS,CO, + saturated solution, Cs,O, CsOM -+- 
saturated solution, Cs,B,Q,, HBO,, CsNO,, and 
MnO. 'phe temperature range of thc t a t s  was 38 to 
100°C with iodine concentratio s of -5 x to 

The tests showed that only basic powders (or 
solutions) reacted  it^ the I,. ahis means that there 
was no reaction with CsNO,, HBO,, or MnO. ' h e  
reaction with basic materials was irreversible and 

erosol made up of 
cs20 ,  Sn, B 2 0 3 ,  a gave a result that 
was consistent with the Cs,O content. 

The rate of I, reaction with Cs,CO,, two-phased 
Cs2C0~(0SH20  + d.SH,O), G,CQ,  f saturated 
solution, and @SOH +- saturated s d u t i ~ n  was 

-1 x 10-5 m o i / ~ .  

iodide and iodate in a 51 ratio. 
A test run with a 

limited only by the rate of gas-phase transport to 
the surface. 

Tests of the interaction of organic iodides with 
the same aerosol materials havc begun. Initial tests 

sorption of cthyl iodide on Cs,CQ>, 
show that some 1- is form on the powder. 
However, the extent of reaction is very small 
compared to I, adsorption. 

Oxidation of C X S ~ Z R ~  
occurs to a significant d 
iodine and iodates in 

in a hydrogen flame 
producing molecular 
oportions. Oxidation 

the interconal region, 
e burner used in these 

nversisn of volatile CsI bo . .  I,, 
regardless of flame temper 
Iodate production varied C 
conversion in the leaner ogen flame mixtures. 
Oxidation of CsI s a  to the leading edge of the 
flame in the init reaction zone, 4 mm above 
this burner, gave siderably greater quantities of 
both I, and HQ,- greater oxidation (I, =1 30 to 

OW radical oxidation of CsI in the hydrogen flame. 
Burning KIO, in a hydrogen flame redistributed 

thc iodine species into I, = SO%, 18,- == 3076, arid 
I- ,-= 20%. The iodate decomposes mor6 rcadily 
than the iodide and ~ r o b a ~ l ~  gave rise to much 
higher local concentrations of iodine atoms in the 
flame. This would account for the higher levcls of 

her local concentrations of iodine can 
by inserting I, crystals into a hydrogcn 

flame. Ninety percent of the recovered iodine is 12, 
10% is iodate, and ~ 1 %  is I-. Once again, howevcr, 
significant ~ ~ Q U I I ~ S  of oxidation to iodate occur 
once the solid sample has been volatilized. 

55%, 10,- = 10 0%). This is consistent with 

I,. 

ion 
The objective of this task is to coordinate iodine 

chemistry and transport code-comparison act ivi tics 
associated with the performance of the Radioiodinc 
Test Facility (WTF) experiments to be done at  
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or fictitious breakup of aerosols due to the arcas for further study that resulted from these 
nunicrical solution methods used in the codes; and efforts included (1) the necd for improvcd 

roved methods for calculating aerosol size- multicQfnpQnent aerosol transport modeling and (2) 
tion parameters. In addition, the code the addition of aerosol resuspension models to thc 

analysts also improved their abilities to perform codes used to calculate acrosol transport in pipe 
calculations usinE the available codes. Important flows, 

1. M. A. Imenz, J. I,. Collins, and A. P. Malinauskas, "Fission roduct Source Terms for the Light Water Reactor 
Im-of-Coolant Accident," NucL Technol. 46, 404-10 (1979). 

2. M. I:. Osbrne, J. L. Collins, and R. A. T~orenz, "fipriniental Studies of Fission Product Release from 
Fucl Under Accident Conditions," Nucl. Techno1 PS(2), 157-69 (August 1987). 

3. J. L. Callins, N. F. Osborne, and R. k Lorenz, "Fision Product Tellurium Release Uehavior Under Severe 
Tight Water Reactor Accident Conditions," NUL TechrzoL 77( l), 1&-31 (April 1987). 

4. J. L. Collins et al., "Fission Product Iodine and Cxsium Release Behavior Under Severe LWR Accident 
Conditions," NucL 'IechnoL 81(10), 78-94 (1987). 

5 .  A. G. Croff, ORJGENZ - A Revised nand Updlafed Version of the Oak Ridge hotope Generalion and Depletion 
Code, ORNE-5621, Oak Ridge National laboratory, July 1980. 

6. M. K. Kuhlrnan, XI. J. Lehrnicke, and K. 0. Meyer, CORSOR User's Marnunl, NUREG/CR-4173 (WMI-2122), 
Sattelle Memorial Institute, March 1985. 
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employee received the "Gold Buckle" award for 
r vehicle accident, 

ries has provided the stimulus 

r m d  OSOR is charged wit 
e severity 0f  such 
ore reliance on 

procedures, (2) more vigor and formality in 
operations, (3) more visible managcment oversight 
and auditability, and (4) trend analysis. OSQR 
represents a major commitment of division 
resources to safety in Chem Tech. 

7. 
Chem Tech Division 

QA effort has bee naverting the CTD QA 
Program to  ANSI/A A-1 Standards. All QA 
plans have been en to meet thesc 
requirements, and implementation is well under 
A vigorous QA surveillance program has been 
initiated to assist Chem Tech line managers with 
implementation of their new QA plans. Operating 
procedures are being rewritten to incorporate the 
systems defined in NQA-1, and this conversion is 
expected to be completed in %"9 1990. 

em Tech Trainin 
Staff 

The training staff in Chem Tech consists of four 
part-time and three full-time section training 
officers in five of the sections in the division and a 
part-time division training coordinator. This staff is 
requiredl to know the current Laboratory training 
requirements as promulgated in a variety of sources, 
including ORNL procedural, in 
health physics, and environmental protection 
manuals, At present, thcre is no central QRPJL 
training function which coordinates all requirements, 
Chem Tech's training manual summarizes many of 
the requircments from these SOUFC~S, 

The division training staff members report to 
the various section heads. Not all sections have 

e training officers serve 
ications of new training 

s flow through the division training 
to the officers. 

~ ~ § ~ ~ ~ ~ i ~ i l i t i ~ s  of the training officers includc 
(1) maintaining training records (including test 
scores) of apcrating staff in all cxpcrimcntal 
facilities, (2) scheduling training for new employees 
and retraining for existing employecs, (3) conducting 
sotne training modules, and (4) arranging instruction 
by internal and external instructors. 

Topics that arc presented by internal instructors 
(either the training officers, facility supcmisors, o r  
othcr subject-mattcr experts) include general fiicili ty 
orientation and sa ining for facility uscrs and 
occupants, "do don'ts" (facility access 
requirements), 1 rgency procedures, waste 
handling o ~ ~ ~ ~ t i ~ n ~  for laboratories, cvacua tion 

ures, location of emcrgency equipment, 
contamination control procedures, procedures for 
specific facility operations and maintenance, and 
Operational Safety Requirement (OSW) and Final 
Safety Analysis Report (FSAR) training both for 
@hen? Tech operating and service stark. 

Topics that are presented to Chem Tcch 
operating staff by external OKNL instructors 
include general employee training (GET), contxl-  
handled transuranic (CH-TRW) waste handling, 
solid low-levcl waste handling, hamdous  and mixed 
waste generator training, wastcs governed by the 
Resource Conservation and Recovery Act (RCRA), 
cardiopulmonary resuscitation (CPR), ORNL 
respirator program, vacuum technology, X-ray 
training, Scott Air-Pak training, fire equipment 
training, and criticality safety training (basic and 
advanced). 

Specific training for the Isotope Distribution 
Office is provided for its license verification 
program and for Department of Transportation 
(DOT) hazardous materials transportation. 

The training staff has been involved in spccial 
activities, such as preparation of the restart training 
program for BIdg. 3517 (Fission Product 
~ ~ y e ~ o ~ ~ ~ n ~  Laboratory), conducting Training 
Accreditation Workshops and Instructors' Skills 
Workshops, and self-evaluation of training programs 
against Chem Tech's performance objectivcs and 
criteria (YOC) arid against the training accrcdilation 
criteria. An effort is now being made to rccruir a 
Division Training Coordinator who will bc assigncd 
60 OSOR. 
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7. 

Effort in the area of nagement systems has 
consisted of working with IEC to define a set of 
procedures by which Chem r k c h  will do business. 
Several draft procedures have B e n  prepared 
review, and the committee has approved SO 
procedures for interim use, but the overall structure 

It i s  anticipated 
d preparation of 
ajar activities in 

the months to come. 
Resource management for safety and 

operational readiness activities, which will bc a 
major activity in this area, has just been initiated. 

system is not yet 

ion 
Significant progress has been made in thc area 

of information management. A commitment tracking 
and reporting system is nearly complcte. The 
mission is to inform division management of the 
status of action ite s, including unusual occurrence 
reports, quality event reports, quality incident 
reports, corrective action reports, responses to 
findings from spot inspections and technical safety 
appraisals (including Chem Tech's own CSAUP), 

ings by the ORNL Radioactive Operations 
mitt=, and 14ward Fee milestones. The data 

base for these items has been cornpletcd, and 
periodic reports will be issued to the Division 
Director, Section Meads, and safety and quality 
specialists, providing information about completed 

due in the near future, and newly 

Data bases are being prepared to assist in 
training, safety, and facility management. The 
Training Data Base (-35% complete) will provide 
the central training record for individuals in the 

will be used to assist management in 
g whether training requirements for work 
s are fulfilled. We expect it will also 

provide information about personnel for psssiblc 
future assignments and career development. The 

ase will assist in determining that 
el are receiving the mandatory safety 
. lgke preliminary data have bccn input to 

the Facility Data Base and arc ou t  for comment. 
This initial data set includes information about each 
of the facilities and lists the responsible managers 
and owners. Eventually, the structurc of this data 
base will be expanded to include information about 
special equipment or  capabilities and the hazards 
associated with each facility. 

The use of a badge reader for recording 
attendance at  meetings is being investigated and 
could result in vcry significa t savings with minimal 
investment. The major saving i s  expected to be 
realized in the time required for analyzing 
attendance records and crediting attendancc to each 

ividual. (This is now being done manually.) 

1. 17.S. Department of Energy, P e q o m c e  Objectives and Cnterba (Draft), Washington, DC, May 1987. 

2. K. H. Lin, P. Standifer, and V. C. A. Vaughen, Comnprehensivcz Sev-Assessrwnt and U'ade Bopam Progress Report 
for the Period Januay I to June 30, 1989, ORNLiTM-11 1, November, 1989. 
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Table 8.1. Capital projects and line item5 for Chem Tech 

u t  of WnStlVCsiOPl 
Completion dale 

Capital projects 

Upgrade WAC? and opcrasional 
areas, Building 1501, high bay 

a50 Xn design 5-91 In progrew 1 

1!%7 Upgrade utilities, Laboratory 16, 
Building 4501 

141 - 141 1287 8-89 

1988 Upgrade WAC,  
Building !?XM-3 

I40 Ready for 5-91 In progress 
mnstruct ion 

Upgrade east m!k, 
Building 3525 

1 loo In daign 3-91 In progress 
at 90% 

1 

1989 Upgrade north cells, 
Building 3525 

1050 In design 3-91 In progress 
at !?Q% 

1988 Upgrade cell dff-gas 
filtration system, 
Building 3517 

630 Construct ion 1-90 1-90 estimate 
at 90% 

1969 Upgrade in-cell filtration 
system, cell D, 
Building 3047 

136 On hold On hold 

Construct filter ~ Q U S  mer 
cell off-gas filter pit, 
Building 3019 

2m On hold On h d d  1 

llpgrade Z-oil line area of 
9204-3 

717 12-9 1 In progress 1980 

1W Upgrade cells 13 and 15, 
Building 3517 

546 In progress 5-92 

35 In progres 1994-95 In progress 

In progress 19%-96 In pragres 41 1st LLLW collection 
and s)rstern upgrade 

19% Melton Valley LLLW callmion 
and transport system upgrade 

In progress 1995-% In progress 25 

1W3 Waste Handling and Packaging 242 In progress 
Plana at 90% 

' W A C  zs heating, ~ ~ n ~ ~ i a ~ ~ n ~ ,  and air conditioning. 

years, a staff engincer was assigned as a liaison to 
Central Engineering to directly represent Chem 
Tech or  a project manager on whatever capital and 
cxpeme projects were uradcr way. This expertise has 
always been sought to ensure that t he  engineering 
projects undertaken by @hem Tech are coradractcd in 
an appropriate manner and that all activitics such 
as estimates, conceptual des 9 design, design 
review, fabrication, prscuremc installation, and 

mn are conducted according to relevant 
DOE and BRNL he h, safety, ~ ~ v j ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ,  and 
quality r ~ ~ ~ ~ ~ ~ ~ ~ o ~ s  

wils in critical facilities, such as the Metallurgical 
Examination Hot Cclls and the REDC. During the 
same time frame, the Central. Engineering Orgami- 
7;ltisn continued its efforts to process and complete 
numerous work orders (-10 to 20) that required bhc 
work of various engineering disciplines (civil and 
structural, electrical, hydraulic, 
theoretical stress and strain analysis, etc.) far 

ed projects for Chem Tech, totaling 
and $4M (design plus construction). 

ally, Chem Tech has enjoyed a unique 
itk &ntral Engineering. For many 
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