00
00

ac

o
(@)
VA
| O
Sl O
w O o
00
0 98 3
00 W
= > ©
zZ O
w o
0160
00 O
%23 0 cw
o
02 W 09 — awg
02 I— W 00 0D o U~
a5 @ - o |
s ® 15+ &
oOo|— o of *
H-, W 0D 02 -
H: 00 0o (0 g ouo Bel
2
© ad) — n.ul.o QG +4 +9 ._.._o @ 1 m 1) > 1D
- ' +1 - +9 10 ou @ N
w X E > T % Q ° fo +0
Wi A i Z 58 o oo gl or 6
— [— 02 0 ‘S 02 02 +1 <~ € . a Q_ o
O Ov— €7 10 €=
w E.(oo m_u_ . 0l <u z O & .o
Yas 19 ! A - s 09 0o @
wow R @ I O0
rd o u~ —2 .0 o a@ O N
20 ri~ Q 23

-joaseyy Aousbe Aue o JUSWIUIOAOD) S8lelS PajuN
s Ajuesseoau jou op ulRJsy pesseidxa sioyine jJo suoluido pue
UE JO JUSWUIBA0D SSjelS paun dul Aq Buuone} 10 ‘uonepusw
| Jo @ynjsuod Ajuesssdsu jou se0p 9SIMIBUI0 JO ‘JainjoEjnuew
5s 10 ‘sseooid ‘jonpold [EIOIBLILIOD oyoeds Aue o} ulidy 20uUd
uLUl JOU PINOM esn SH jeu} sjuesaidas 10 ‘PasOOSIP sso004d
Aue jo sseujnjasn Jo ‘ssouaje|dwod ‘Aoeindde dy} Jo} Anjgq
e 10 ‘paldwi Jo ssaidxd ‘fuessem Aue sexew ‘soefo|dwa
UOWIUIOAOSD) SOIEIS PajuN au} JoUleN “JUSWUISA0D
ods 3JOM JO JUNOJJE Ue SE posedeid sem podas SIUL

ay} Jo asoy) jodel 10 3je
SMaIA Byl “jodJau} fouabe A
_wooas ‘uowsesiopud sy Aldw
‘slewaped; ‘sweu opel Aq @0IM
-1o19y "sybu psumo Alereaud ob
10 “yonpoud ‘snjesedde ‘uoljew.lojul
-isuodsal Jo Ayjiget |leba| Aue sawnss
siey} jo Aue Jou ‘joaiau} fouabe Aue Jou ¥
selelS pajun dul 4o fousbe ue Aq paiosu

HANIVTIOSIA

> ud
10 09

10 €=
— O
-10

iz
+D 1

10

o

p u
o -
i b

OiSTRIBUTION OF THIS DOCUMENT 1S UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.
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ABSTRACT

Because of the great complexity and large number of potential waste
sites facing the U.S. Department of Energy (DOE) for potential cleanup, the
DOE is supporting the development of a computer-based methodology to
streamline the remedial investigation/feasibility study process required for
DOE operable units. Consequently, Pacific Northwest Laboratory (PNL) is
developing the Remedial Action Assessment System (RAAS), which can be used for
screening, linking, and evaluating established technology process options in
support of conducting feasibility studies under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA). It is also
intended to do the same in support of corrective measures studies required by
the Resource Conservation and Recovery Act (RCRA).

The RAAS methodology computer interface with the user is being
designed to be friendly, intuitive, and interactive. Consequently, the user
interface employs menus, windows, help features, and graphical information
while RAAS is in operation. Object-oriented programming is used to link unit
processes into sets of compatible processes that form appropriate remedial
alternatives. Once the remedial alternatives are formed, the RAAS methodology
can evaluate them in terms of effectiveness, implementability, and cost. RAAS

will access a user-selected risk assessment code to determine the reduction of

1 Operated for the U.S. Department of Energy by Battelle Memorial

Institute under Contract DE-AC06-76RL0O 1830



risk after remedial action by each recommended alternative. The methodology
will also help determine the implementability of the remedial alternatives at
a site and access cost estimating tools to provide estimates of capital,
operating, and maintenance costs.

This paper presents the characteristics of two RAAS prototypes cur-
rently being developed. These include the RAAS Technology Information System,
which accesses graphical, tabular and textual information about technologies,
and the main RAAS methodology, which screens, links, and evaluates remedial

technologies.

INTRODUCTION

The U.S. Department of Energy (DOE) is facing the major task of
cleaning up hundreds of waste sites at its facilities across the nation, which
will necessitate completing remedial investigations and feasibility studies
(RI/FSs) or facility investigations and corrective measures studies for each
of these sites . For example, DOE has 330 proposed operable units on the
National Priorities List alone. The first 67 of these waste sites are
tentatively scheduled for RI/FS completion in the 1992 to 1997 time frame with
implementation of remediation technologies to commence subsequently (U.S.
Department of Energy 1989 and U.S. Environmental Protection Agency 1989). The
RI/FSs for the remaining 263 operable units will be done over the next 10 to
20 years. The initial sources of contamination for these operable units may
have been ponds, drain fields, trenches, cribs, leaky tanks, or pipes and
these waste sites may contain mixed radioactive and hazardous chemical wastes
in groundwater, deep and shallow soils with interstitial (pore) waters,

surface waters, sediments, sludges, and buried wastes. The large number of



sites and the diversity of contamination types, sources and contaminated media
make DOE's RI/FS requirements very complex.

The intent of each RI/FS is to characterize the waste problems and
environmental conditions at the operable unit(s), segment the waste
remediation problems into manageable media-specific and contaminant-specific
pieces, define the remediation objectives, and identify general response
actions to meet these objectives (U.S. Environmental Protection Agency 1988).
These general response actions typically involve various combinations of:

a) no action; b) institutional controls; c) waste stabilization and contain-
ment; d) waste recovery and treatment; and e) in situ treatment. The RI/FS
team must then identify and evaluate various combinations of technologies and
associated processes that might be employed to meet the remediation
objectives. Furthermore, it must provide defensible rationale why other
combinations of technologies and processes are not as effective,
implementable, cost competitive, or acceptable.

Feasibility study analyses are conducted in at least three different
stages of the RI/FS process. First, a feasibility study analysis can be
conducted, in an exploratory screening mode using "engineering judgement" site
information, early in the site characterization process to focus site remedial
investigation activities. The feasibility study analysis can be repeated
later in the process to help design treatability studies and determine second
phase site characterization requirements. Finally, the feasibility study
analysis should be again performed at a later date to conduct the detailed
evaluation of the remaining alternatives upon which a cleanup strategy can be
negotiated with regulators.

To streamline this entire process and make it more defensible,

Pacific Northwest Laboratory (PNL) is developing the Remediation Action



Assessment System (RAAS). RAAS is a computer-based methodology that provides
a discrete, useful product at each of these stages of the RI/FS process.
Figure 1 shows graphically how RAAS contributes to the various stages of the

RI/FS process.

CHARACTERISTICS OF THE REMEDIAL ACTION ASSESSMENT SYSTEM

RAAS is currently being developed for the DOE's Office of Technology
Development. In terms of directly, supporting the technology development
program, RAAS 1) provides a vehicle for collecting and sharing detailed
information on technologies and regulations, 2) helps implement newly
developed technologies as they emerge from demonstration, testing, and
evaluation, 3) compares newly developed technologies with more established
alternatives, and 4) can be used to support the selection and evaluation
process for integrated demonstrations of existing and newly developed
technologies.

In supporting the RI/FS process, RAAS is being designed to be a
complementary member of an RI/FS team. As such, it provides 1) a compre-
hensive information source and broad-based expert advisor to the team; 2) a
vehicle for documenting (archiving) the computer's and the RI/FS team's
assumptions, data selections, and decisions; 3) a mechanism for identifying
site and technology data collection requirements early in the RI/FS process;
4) a mechanism for identifying treatability study procedures; 5) a tool for
preparing RI/FS technology descriptions and RI/FS tables documenting the
rationale for selecting the technologies to be included in the Record of
Decision and the reasons why the remaining technologies were excluded from
further consideration; and 6) a vehicle for capturing an RI/FS team's

experiences and transmitting this information to other teams across DOE.



RAAS will also permit sensitivity (i.e., what if) studies and thus
prompt an RI/FS team to consider innovative and potentially less costly solu-
tions. Those experienced in performing RI/FS studies indicate that human
experts often subliminally select technology combinations that they know the
most about and with which they have grown comfortable. Since the overall
costs of the DOE for environmental restoration may be in the range of many
tens of billions of dollars, prompting users to consider innovative, less
costly technologies (such as those emerging from DOE's demonstration, testing,
and evaluation programs) may ultimately prove to be one of RAAS's greatest
contributions. RAAS is also expected to reduce RI/FS costs by reducing the
time and effort required to do (and redo) RI/FSs. RAAS may also decrease
challenges to the results of many feasibility studies, since the computer
methodology will allow for a much broader array of potential alternatives to
be explored, and will facilitate the documentation of why these alternatives

were or were not selected.

RAAS TECHNOLOGY INFORMATION SYSTEM

The RAAS Technology Information System provides the user with
graphical, tabular, and textual information about the technologies that are
included in the main RAAS methodology. It is a stand-alone, personal
computer-based system that identifies and sorts remedial technology
information. To date, approximately 100 technologies have been identified for
inclusion in the RAAS Technology Information System. These are listed in
Table 1. Various process options for each technology will be included. For
example, the rotary Kkiln, controlled air, and fluidized bed incinerators will

be described as process options within the incineration technology entry.



Information for a technology is accessed through a computer screen
such as that shown in Figure 2. The cursor is simply clicked on the
appropriate menu block to access to one of the following types of information:

| a graphical depiction or flow diagram of the process
| a brief narrative description of the process

| engineering parameters such as power and space
requirements

| applicability information (contaminant and media types for
which the technology is applicable)

| regulatory constraints such as compliance with air, water, and
solid waste discharge regulations

| limiting technical constraints such as pH or particulate
loading limits on feed materials to a unit process

| identification of technologies that are generally combined with
the selected technology (pretreatment processes or processes
for treatment of residual waste streams)

| a list of sites where the technology has been considered or
implemented in the past

| a list of key technical references.

The technology information has been derived primarily from existing
databases (attained via subcontract with private industry), technology
reports, and past feasibility studies. The contents of new technology
databases are evaluated as they emerge and, to the extent practicable,
technology information is adapted for the RAAS Technology Information System.

Development of the user-friendly personal computer program for
accessing the technology information is being conducted in parallel with the
development of the technology information. The computer system selected was
the Macintosh lie! series personal computer using Supercardl software for its
user interface and an ORACLE! database for storing and sorting technology
information. The user interface relies on a mouse with pull-down menus to

eliminate the necessity of keyboard entries. The first demonstration



prototype model (containing information for 10 technologies) completed in
September 1990, has been shown to numerous potential user groups with great
acceptance of the tool. The first operational version is expected to be ready
for field testing in April 1991.

Aside from providing an early, usable product, the RAAS Technology
Information System will be linked with the main RAAS methodology as a user
help feature. A user of RAAS will be able to access explanations of technolo-
gies or specific information that was used to formulate object modules of
technologies considered by the main RAAS methodology. This feature is

critical in gaining acceptance of the RAAS methodology by the user community.

MAIN RAAS METHODOLOGY

Another key accomplishment for the RAAS project has been the
completion of the demonstration prototype of the main RAAS methodology. This
part of the RAAS project is developing the product that selects, screens,
links, and evaluates remedial alternatives in support of the feasibility
studies required for every DOE operable unit. Some of the methodology's
features include

| screening and linking of technology unit processes into
remedial alternatives

I comparative evaluation of technologies and remedial
alternatives in terms of established ERA criteria

| documentation of assumptions and decisions made by the user,
for use in defending the recommended alternative for each waste
site

| identification of treatability tests and site characterization
requirements for streamlining the remedial investigation
portion of the RI/FS process

| upgrade mechanisms for maintaining current technology
information



| internal consistency checks to ensure data inputs by the user
are consistent with previous data entries and results

| an internal risk assessment model for back calculating cleanup
objectives from health-based risk criteria and a data gate for
accessing user-selected technology risk assessment models.

The main RAAS methodology is based on object-oriented programming.
For each technology unit process, an "object" module is developed for RAAS to
describe the controlling characteristics, including the inputs, outputs, and
the processing rules and constraints. For example, final concentrations of a
contaminant exiting an ion exchange treatment process might be related to the
input concentration specified by a pretreatment air-stripping process through
direct internal communication among technology objects within the software.
Each technology object module will have its input and output specifications
and its own set of internal operating or process rules and local data.

The object-oriented computer programming will allow the RAAS user to
identify the "most likely" remedial action treatment trains for a site. In
the object-oriented approach, a unit process or technology is represented by
an object, and the objects can send messages and ask questions of each other
or request more information (Thomas 1989). For example, a particular
treatment object may "know" that it is good at handling non-volatile organic
contaminants as long as the waste stream it receives does not also contain
excess quantities of heavy metals and radionuclides. If such waste
constituents are present, the technology object module may send out a request
message to all other waste separation and/or treatment objects asking if any
of them can remove the heavy metals and/or organics prior to the waste stream
being delivered to the organic treatment process. This concept is illustrated
in Figure 3. Since all other unit processes (objects) presumably contain

local information and rules about what they can and cannot do, return messages



will only be received from viable candidate processes. In this manner, groups
of technologies will be linked to form complete treatment trains.

It is important to understand that the human user can and should
interact frequently with this process by sending his or her own messages and
asking questions of the system. Inversely, the computer program must be able
to solicit additional or clarifying information from the user and expect the
user to make certain decisions along the way. A RAAS methodology user is an
integral, interactive part of the analysis methodology. The object-oriented
computational approach facilitates this function and minimizes the number of

"hard-coded" connections that are built into the computer model.

CONCLUSIONS

Development of the two RAAS prototypes has been successful in accom-
plishing three goals during the project's first year of development. The

prototypes have:

| provided a tool for users to comment on the functionalities and
user interface features for development of the first operable
version of RAAS.

| provided a vehicle for gaining acceptance of the RAAS
methodology from the regulatory and technical community.

| demonstrated to the development team that object-oriented pro-
gramming can be used to determine whether technologies are
applicable for specific waste site conditions and to
effectively construct remediation trains.
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Figure 1.

Figure 2.

Figure 3.

RAAS Contributions to the Remedial Investigation/Feasibility
Study Process

Screen for Accessing Technology Information in the RAAS
Technology Information System

Object-Oriented Programming Allows Technology Objects to
Communicate with Each Other to Form Remedial Alternatives
(treatment trains)



DETERMINE SITE CHARACTERIZATION AND
TREATABILITY TEST REQUIREMENTS

IDENTIFY AND DEVELOP, SCREEN, AND
DESCRIBE REMEDIAL EVALUATE REMEDIAL
TECHNOLOGIES ALTERNATIVES

FIGURE 1. RAAS Contributions to the Remedial Investigation/

Feasibility Study Process



Descriptive Information

FIGURE 2. Screen for Assessing Technology Information in the
RAAS Technology Information System



Medium Object Contaminant Object

What is permeability? . . .
What is boiling point?

Treatment Technology Object

Site Object

Are you effective?

Can you remove heavy metals
and radionuclides?

Removal Technology Object

Separation Technology Object

Disposal Technology Object

DEVELOPING
ALTERNATIVES

Cell object initiates process
by asking each technology if it
is effective.

An individual technology must
in turn ask for information
from other objects to make
this determination.

Messages are sent and
received as each technology
computes its own
effectiveness.

In the process, technologies
are linked together to form a
remediation alternative

FIGURE 3. Object-Oriented Programming Allows Technology Objects to
Communicate with Each Other to Form Remedial Alternatives

(treatment trains)



Table 1. Technologies Planned for Inclusion in the RAAS Technology

Information System

INSTITUTIONAL ACTIONS

access controls
flora/fauna monitoring
groundwater monitoring
land use restrictions
new water supply
relocate water intake
soil gas monitoring
surface water
monitoring

water use restrictions

CONTAINMENT

capping
extraction/injection
wells
ground freezing
membranes or tarps
prefabricated liners
or barriers
run-off diversion
systems
site-constructed
barriers
subsurface drains
surface sealants or
stabilizers
surface grading
surface water
collection
surface revegetation
wind barriers

RECOVERY OR REMOVAL

dredging

excavation

extraction wells

springwater collection

subsurface drains

vacuuming (surface
soi 1)

VOLUME REDUCTION
air stripping

beneficiation
bioaccumulation

VOLUME REDUCTION
(cont)

coagulation/
flocculation

crystal 1ization

dewatering

dissolution or
leaching

electrokinetic
separation

freeze crystallization

gas adsorption

gas particulate
filtration

ion exchange

liquid phase part-
iculate filtration

liquid absorption

membrane separation

oil/water separation

precipitation

soil gas extraction

soil flushing

soil heating

soil washing

solvent extraction

steam stripping

thermal stripping

vegetative uptake

TOXICITY REDUCTION

acid digestion

catalytic destruction

chlorinolysis

dehalogenation

ex situ biochemical
degradation

ex situ hydrolysis

ex situ oxidation

ex situ reduction

ex situ neutralization

gas phase plasma
destruction

in situ biodegradation

in situ vitrification

in situ chemical
reduction/oxidation

}

TOXICITY REDUCTION
(cont)

in situ hydrolysis

in situ neutralization

incineration

molten solid
encapsulation

photolysis

precipitation

roasting/calcining

MOBILITY REDUCTION

chemical precipitation
(in situ)
in situ vitrification
in situ stabilization
macroencapsulation
microencapsulation
molten solid
encapsulation
polymerization

DISPOSAL

discharge to surface
discharge to POTW
gas venting
geologic repository
injection wells

low level waste burial
mixed waste landfill
on site infiltration
open air evaporation
RCRA landfill
recycle

TRU disposal



