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This report covers Division of Environmental C ontrol Technology* pro
jects in progress during FY 1978, within the O ffice  of the A ssistant 
Secretary for Environment, Department of Energy. It is the second in a 
planned series of annual reports. The first re p o rt, covering FY 1977 
projects, was published as DOE/EV-0015, "Division of Environmental Control 
Technology Program - 1977," June 1978.

PREFACE

*Future reports will use the revised divisional t i t le ,  Environmental Control 
Technology Division, under the Office of Environmental Compliance and 
Overview.



F O R E W O R D

The Division of Environmental Control 
Technology (ECT) continues to support the Assis
tant Secretary for. Environment (EV) in discharg
ing two primary responsibilities: O) under the 
Environmental Engineering (EE) Program, the 
independent overview and assessment of environ
mental control aspects of both the U.S. Depart
ment of Energy's (DOE) research, development, 
and demonstration (RD&D) programs and the 
Nation's energy policies, and (2) under the 
Decontamination and Decommissioning Program, 
the reduction of potential environmental hazards 
at the radioactively contaminated sites that are 
presently owned or were formerly used by the 
Government.

ENVIRONMENTAL ENGINEERING

Policy decisions a: .a effective RD&D plan
ning for the environmental control aspects of 
energy technologies demand not only raw techni
cal data on control capability but the engineering 
expertise to systematically evaluate, interpret, 
and apply the data to the complex issues being 
addressed. In the Office of the Assistant Secre
tary for Environment, the primary source of this 
essential capability continues to reside in the 
ECT Environmental Engineering Program.

The philosophy guiding EE activities is 
embodied in three postulates: First, environmen
tal controls are of great importance because they 
represent the mechanisms that allow energy sys
tems to operate in the commercial sector. 
Second, an organizational capability for inde
pendent , mbiased overview and assessment is 
required to ensure that environmental control 
issues receive proper emphasis for timely resolu
tion. Third, development of environmental con
trol hardware and systems is best conducted as 
an integral part of the developing energy systems 
themselves. In FY 1978, DOE dedicated over 
$294 million (some 3.3 percent of the Depart
ment's total budget) to environmental control 
activities, as reported in DOE/EV-0031, "Envi
ronmental Control Technology Activities of the 
Department of Energy in FY 1978," March 1978. 
This is approximately a $109 million increase in 
funding from FY 1977, with the major increase in 
the area of nuclear energy research and waste 
management.

An important feature of EE's independent 
overview and assessment viewpoint is that envi
ronmental control options are treated as an 
integral part of an overall energy-producing 
system. Hence, judgments on cost and control 
effectiveness are based on a systems orientation 
that reflects a host of parameters, including 
multimedia impacts, parasitic energy demands, 
and potential trade-offs provided by alternative 
environmental controls, all of which affect the 
countless operations within the total fuel cycle. 
This systems orientation is necessary to ensure 
that optimization of environmental control opera
tions does not, in fact, create concomitant
adverse environmental situations (for example, 
unacceptable byproduct formation or excessive 
water use) in other parts of the energy cycle.

In summary, the programs supported by 
Environmental Engineering continue to nurture 
the development of an environmental control
assessment capability that has been used to

• Make judgments on the environmental
control aspects of National Environ
mental Policy Act documents;

•  Provide input to and make judgments
on environmental control requirements 
and options for Environmental Devel
opment Plans, Environmental Readi
ness Documents, Project Environ
mental Plans, and Energy Systems
Acquisition Project Plans;

• Provide a sound basis for staff partici
pation on interagency task forces;

•  Provide environmental control input to 
DOE policies and Federal regulatory 
activities;

•  Evaluate the availability of control 
options for compliance of DOE opera
tions with environmental, health, and 
safety requirements; and

•  Broaden the focus of environmental 
control RD&D activities within other 
entities of DOE.

v



DECONTAMINATION AND DECOMMISSIONING

In the rapid pace of technical development 
that has characterized the establishment of 
nuclear defense and energy programs, many sites 
and facilities have become obsolete or otherwise 
rendered -jf no further use in their intended 
finction. These sites and facilities, when 
contaminated with radioactive material, present 
a irtique management problem of ensuring that 
the latent hazard of radioactivity is controlled 
and does not pose a threat to man nor a burden 
on the environment.

In many cases, the responsibility for this 
management has passed from programmatic 
sponsorship—the facilities are remnants of now 
defunct programs—and has become a general pro
gram in the interest of environmental steward
ship. On this basis, ECT, under the Office of 
the Assistant Secretary for Environment, con
tinues to conduct the Decontamination and 
Decommissioning Program of the Department of 
Energy.

The overall objective of the decontamina
tion and decommissioning programs has been and 
is to reduce the potential environmental hazards 
associated with sites and facilities no longer 
required or used in the Nation's nuclear pro

grams. Such facilities currently include both 
surplus Government-owned property and private 
property where nuclear activities were conducted 
under contract but where the decontamination 
was not sufficient to allow an unrestricted alter
native use or where residual radioactivity poses a 
potential environmental or health concern as 
viewed in the light of current standards. Decon
tamination and decommissioning actions are being 
conducted with the goal of minimizing potential 
risks and restoring sites and facilities to allow 
beneficial use without radiological restrictions. 
The residual radioactive materials that remain at 
these sites and facilities must be properly con
tained and stabilized or removed and disposed of 
so that all potential impacts to the health, 
safety, and welfare of the Nation are reduced to 
a level equal to or lower than the existing or 
proposed guidelines and criteria.

This report of work sponsored in FY 1978 is 
the second in a planned annual series. The first 
report was published in June 1978 as DOE/EV-
0015, "Division of Environmental Control Tech
nology Program - 1977." In continuing the
annual series, this report presents a short 
summary of objectives, approach, progress and 
results, future plans, and a reference bibliography 
for each research, development, or assessment 
project within the program areas described above.

William E. Mott
Director, Environmental Control 

Technology Division 
Office oi the Assistant Secretary 

for Environment 
U.S. Department of Energy
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ENVIRONM ENTAL ENGINEERING

Environmental control technology provides 
the bridge that allows potential energy systems 
to operate acceptably in the commercial world. 
Independent judgments on the efficacy  and prac
ticability of environmental control procedures, 
processes, s tra teg ies , and system s by the Divi
sion of Environmental Control Technology (ECT) 
within the O ffice  of Assistant Secretary for 
Environment provide an unbiased input to U.S. 
Department of Energy (DOE) policies and evalua
tions that serves to ensure the general public the 
com m ittm ent of the Department on environmen
tal control m atters. Major program areas include

•  Nonnuclear energy, which critically  
exam ines the environmental control 
asp ects of coal, petroleum and gas, 
oil shale, solar, and geothermal 
energy technologies, as well as energy 
conservation applications, and

•  Nuclear energy, which assesses the 
adequacy of environmental controls for 
all phases of the nuclear fuel cyc le , 
including shipment of energy materials 
and w astes, and evaluates alternative 
w aste disposal techniques.

Although DOE's energy technology research, 
developm ent, and demonstration programs are 
generally relatively  large, homogenous programs
of several years' duration, ECT projects are

comparatively sm all, diverse, and targeted to 
address individual environmental control and 
safety issues or requirements earm arked by the 
energy technologies, Environmental Development 
Plans, independent identification within the 
O ffice of the Assistant Secretary for Environ
ment, or by ECT. !n FY 1978, a major focus 
of the Division's Environmental Engineering (EE) 
Program was fossil energy developm ent. Within 
this area, the assessm ent of environm ental con
trol implications of generating e lec tr ica l power 
from coal and the determination o f the safety 
and control m easures required for liquefied gase
ous fuels predominated. Emphasis was also 
placed on related coal cycle issues such as envi
ronmental control capability and needs in strip- 
mining, trace elem ent releases, wastewater 
cleanup system s, and waste heat management for 
the near, m id, and far term (year 2 0 0 0 ), with 
emphasis on near to  mid term. Additionally, EE 
supported projects to assess environm ental control 
requirements for all phases of the nuclear fuel 
cycle , with particular emphasis on .the environ
mental and technical feasibility o f ocean-bed 
emplacement of nuclear waste as an alternative 
to  geologic repositories and other concepts.

To achieve the EE ob jectives, studies and 
assessments are sponsored at DOE laboratories 
and research cen ters, as well as at selected  
industrial and academ ic facilities.

1



ORGANIZATION AND CONTRACT NUMBER

The Aerospace Corporation  
E Y -76-C -03-110I (P A -10 )

PRINCIPAL INVESTIGATOR

SURVEY OF ENVIRONMENTAL CONTROL
TECHNOLOGY ACTIVITIES

survey and to establish principal representatives  
from  each of the energy-related techn ologies. 
Following the Action Memorandum, panel ses
sion s, information transfer m eetings, and infor
mal discussions are to take place to com p letely  
and concisely define the total DOE a c tiv itie s  
having environmental control aspects as w ell as 
the associated funds.

PROGRESS AND RESULTS

3.S. Dock 

OBJECTIVE

The objective of th is project is to provide 
support to the Division of Environmental Control 
Technology (ECT) in th e  organization, conduct, 
and documentation of an intra-DOE survey of all 
FY 1978 projects having environmental control 
technology aspects.

APPROACH

For the intra-DOE FY 1978 environmental 
control technology su rvey , input requirements 
(including definitions, criteria, documentation 
form s, and exam ples) w ere to be developed. An 
Action Memorandum is planned to in itiate the

Ar; Action Memorandum was approved by the 
DOE Under Secretary of Energy, ca llin g  for 
inputs from the energy technology areas to
com p letely  and concisely define the FY 1978
funding total of DOE projects having environm en
tal control technology aspects. A plan and the 
structure for implementation were prepared, 
including criteria and applicability to  environ
m ental controls, schedules, energy c a te g o ry , 
structural breakdown, and guidelines, and were
presented to the energy technology representa
tives at an ECT-chaired kickoff m eeting. Inputs 
from  the energy technologies were then com piled  
and integrated into a total DOE report on all 
DOE projects, together with their funding,
related  to environmental control technology. A 
summary of the total DOE funding re la ted  to 
environm ental control is shown in Table 1 , and

Table 1. Total DOE Environmental Control A ctiv ities Funding Allocations

Energy-Related Activities

FY 1978 Funding Allocation 
Related to Environmental 

Control Activities 
($ in thousands)*

Portitin of Total FV 1478 budget 
Related to Environmental Control 

Activities 
(Percent**)

Conservation 10,494 (331) 2.2

Fossil Energy 76,519 (8,489) 12.4
Nuclear Energy 189,299 (22,219) 6.5
Solar 4,520 (205) 2.0

Geothermal 9,028 (286) 11.0

Basic Energy Sciences 2,871 1.7

Magnetic Fusion Energy 1,335 0.5

Total 294,066*** 3.3**

Total DOE FY 1978 Budaet: S8.822.000.000

Environment as denoted.
** To nearest tenth of a percent.

FY 1977 related values were $184,683,000 and 3.4%.
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the distribution o f  the FY 1978 funding related 
to  environm ental control activities within DOE is 
depicted in Figure 1.

PLANS FOR NEXT PERIOD

The plans and preparation necessary to
conduct and docum ent the total DOE FY 1979 
projects having environmental control aspects will 
b e initiated.

REPORTS PUBLISHED

None.

PROJECTED MILESTONES

•  February 1979 — Preparation for FY
1979 to ta l DOE environmental control
technology survey to be initiated

•  Septem ber 1979 — Com plete survey,
d ocu m ent, and publish third annual
report

TOTAL oof ** 1»7» FtnOMG KU1CD TO ENVNOMNTAL CONTROL TICMIOIOGv »?9«0t»000

Figure 1. Distribution of Total DOE 
Environmental Control A ctivities R elated  
to FY 1978 Funding by Energy C ategory

3



COAL

In view of the important ro le  coal continues 
to play in the Nation's energy fu tu re , an impor
tant aspect of the Environmental Engineering
Program to be continued in F Y 1978 will be its 
ongoing focus on evaluating th e  efficacy and 
practicability of environmental control options 
within the coal energy cycle. The need to pre
pare and update com prehensive, unbiased evalua
tions is im perative to ensure that

•  The scope of DOE's planned research,
developm ent, and demonstration
(RD&D) programs includes proper 
emphasis on environm ental control 
issues, so that ad eq uate environmental 
control options are developed in con
cert with emerging co a l technology, 
and

•  DOE's inpjt to national energy policies 
and regulatory in it ia tiv es  is based on 
technically sound evaluations of envi
ronmental control capabilities and 
costs.

A major FY 1978 activ ity  directed at coal 
is the continued system atic eva lu ation  of environ
mental control implications of a lternative systems 
for generating electricity from c o a l. This evalu
ation is designed to include consideration of the 
econom ic, engineering, and environm ental char
acteristics of conventional e le c tr ic  generation 
options ( e .g .,  conventional combustion with
either low-sulfur coal, flue gas desulfurization, 
or precombustion physical c lea n in g ) as well as 
near-term advanced techn ologica l alternatives 
such as solvent refined coal, atmospheric fluid- 
ized bed com bustion, and conversion  of coal to 
gas (medium and low Btu) w ith  subsequent gas 
firing in combined power c y c le s . The technical 
understanding obtained from th e  component of 
this study dealing with first-gen eration  flue gas 
desulfurization systems (lim e/lim eston e) has been 
used by the Environmental Engineering (EE) staff 
to contribute substantively to  th e  formulation of 
a DOE position on the New S ource Performance 
Standards proposed by the Environmental Protec
tion Agency (EPA) for e le c tr ic  generators. 
Additionally, the understanding gained  concerning 
conventional combustion with f lu e  gas desulfuri
zation has been used by the ECT s ta ff  in partici
pating and contributing to intra-DOE RD&D 
planning exercises. Similarly, preliminary inves

tigations of environmental control implications of 
first-generation  coal gasification technology have 
enabled EE outputs to influence tentative New 
Source Perform ance Standards proposed by EPA 
for Lurgi technology. As a result of that assess
m ent, the need for development of more energy/ 
cost e ff ic ien t hydrocarbon emission control 
system s has been identified and two options, 
whose technical feasibility wiil be determined in 
the near fu tu re, were identified. Consistent 
with O ffice of Environment philosophy, responsi
bility for developm ent and demonstration of these  
options resides with the energy technology 
developers.

Examples of additional EE activ ities com
pleted in the area of coal utilization during FY 
1978 include (a )  a comprehensive assessm ent of 
the environm ental control capability and needs 
for conventional electric gen* a ‘ion system s using 
coa l, (b) evaluation of wastewater control sys
tem s for coal conversion, (c) the formulation of 
the environm ental control component of the com 
prehensive O ffice  of Environment/Office of  
Energy Technology Gasifiers in Industry Program, 
and (d) the preliminary determination of subsi
dence and aquifer environmental control needs 
for in situ coal gasification. Additionally, EE 
has contributed and provided guidance to DOE 
planning docum ents such as the Advanced Envi
ronmental Control Technology Plan developed by 
the O ffice of Energy Technology, "Assessment of 
Atmospheric Fluidized Bed Combustion Tech
nology for U tility  Applications" developed for the 
O ffice of Management and Budget by a DOE 
Task Force, and the "Interagency Flue Gas 
Desulfurization Evaluation Study."

In addition to the specific partial list o f  
accom plishm ents just delineated, it is important 
to state that th e information generated and the  
expertise developed in the Division of Environ
m ental Control Technology are used, on a con
tinuous basis, to  review and comment substan
tively on the environmental control aspects of a 
host of internal and external documents, includ
ing Environmental Impact Statem ents, Environ
m ental Im pact Assessments, Environmental 
Developm ent Plans, Environmental Readiness 
Documents, other National Environmental Policy 
Act docum ents, other agency documents, Federal 
regulatory in itia tives, and correspondence with  
other Federal agencies and the private sector.
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ENVIRONMENTAL CONTROL 
IMPLICATIONS OF 

GENERATING ELECTRICAL POWER 
FROM COAL

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory
W -31-I09-ENG -38

PRINCIPAL INVESTIGATOR

K.E. Wilzbach 

OBJECTIVES

The program is a continuing effort to provide 
the Division of Environmental Control Technology 
with in-depth evaluations of the technical, envi
ronmental, and econom ic aspects of control tech
nologies for coal-based energy systems and with 
comparative evaluations o f alternative control 
technologies and/or stra teg ies  under various con
ditions. Current and developing technologies are 
both being investigated in the program. This 
effort is intended to a ssist  the Office of Envi
ronment staff in fu lfillin g  its responsibility to 
ensure the adequacy o f environmental control 
system s for energy ex tra ctio n , conversion, and 
utilization technologies. The core group of 
experts maintained by th e  program is available 
for consultation with th e DOE staff as needed 
and can provide quick-response reviews of tim ely  
issues.

APPROACH

Information on th e c o s t ,  pollution control, 
reliability, availability, and energy requirements 
of power generation p rocesses and the associated  
pollution control system s is being compiled from  
reports and discussions with manufacturers, 
users, and developers o f  th ese  processes and con
trol technologies. The Argonne National Labora
tory (ANL) staff has responsibility for evaluating  
this information and for resolving any discre
pancies and inaccuracies that arise. The capa
bilities of the ANL s ta ff  are supplemented by 
considerable use of subcontractors and consultants 
with special capabilities and expertise.

A system s-analysis methodology for comparing 
alternative control techn ologies on the basis of 
their capabilities for c o s t-e ffe c tiv e  control of 
environmental impacts has been developed. The 
methodology is being computerized with the 
development of econom ic and performance models 
o f the various technologies.

D uring FY 1978, seven technology assessm ent 
reports w ere issued as a result of studies under
taken in th e previous year. (See list o f reports 
published.) Data on coal reserve amounts and 
analyses obtained from the U.S. Bureau of Mines 
were p la ced  in a large interactive com puter data  
base. T h e reserves data were also integrated with  
coal w ashability  analyses to  yield inform ation on 
the w ashability  potential of U.S. coal reserves. 
Other com puter activities included im plem enta
tion o f  a  flue gas desulfurization (FGD) m odel 
obtained from  a subcontractor, developm ent o f a  
p articu la tes control cost m odel, and in itial 
studies o f  data on powerplant characteristics  
obtained from  the Federal Power Comm ission.

Subcontractor activities initiated during FY 
1978 spanned a wide variety of subjects. NOx 
control for industrial boilers was evaluated , and 
a study o f  advanced NOx control techniques for 
u til ity -s iz e  boilers was begun. Another study 
sp ec ifica lly  addressed the controi o f fine particu
lates in  flu e  gas. The evaluation of gasifica tion / 
com bined cyc le  systems performed previously was 
used a s  the basis for a much more detailed  
assessm en t of that technology. F luidited bed 
com bustion (FBC) was also evaluated through 
detailed  analyses of papers presented a t tlie F ifth  
International Conference on Fluidized Bed Com 
bustion. Subcontracted modeling efforts involved  
r e g e n e r a te  FGD and particulates co llection  as 
well a s  th e  development of an integrated c o s t /  
perform ance program for the entire c o a l-to -  
e le c tr ic ity  system.

S evera l initial technology assessm ents were  
begun by ANL during FY 1978. These involved  
magnetohydrodynamics (MHD), fuel c e lls ,  the  
production and use of coal-o il m ixtures, and coal 
transportation. In addition, the com parative  
assessm en ts methodology was applied to  evaluat
ing c o s t ,  environmental, and resource im plica
tions o f  th e proposed New Source Perform ance 
Standards (NSPS). (Figures 2 , 3 , and 4).

PLANS FOR hEXT PERIOD

The aforementioned technology assessm ents  
undertaken by ANL during FY 1978 will be com 
pleted during FY 1979. At that tim e , th e  need  
for m ore extensive studies will be evaluated . In 
addition , a  comparative evaluation o f the envi
ronm ental control aspects o f the SRC-1 and 
SRC-II processes (for solvent-refined coa l) will 
be perform ed . In light of the increasing pressure 
for th e  u se  of coal in industry, the availab ility , 
e f fe c t iv e n e s s , and economcs of control tech n olo-

PROGRESS AND RESULTS
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PERCENT SULFUR IN COAL

Figure 2. C o sts  of Alternative R egulations

gies for industrial power systems w ill be exten
sively studied. In all assessments, m ore  empha
sis will be p laced  on the evaluation o f  oontrol 
measures for waterborne pollutants and on the 
control and utilization  of waste h ea t. Technolo
gies previously assessed  will continue t o  be moni
tored and reevaluated  in light o f technological 
advances and th e  anticipated evolu tion  o f appli
cable regulations. Several of these a r e a s ,  such os 
FBC and gasification/com bined c y c le  systems, 
will be the su bject o f computer m odelin g  efforts.

REPORTS PUBLISHED

The reports listed  below have b een  published 
under the g en er ic  title  "Environmental Control 
Implications o f  Generating Electric Pow er from 
Coel."

"Technology Status Report,” ANL/ECT-1, 
Argonne N ational Laboratory, V ol. I -  con
densation, Vol. II -  detailed inform ation, 
December 1976.

"Comparative Assessments M ethodology,"  
ANL/ECT-2, Argonne National Laboratory, 
in press.

"1977 Technology Status Report Appendices"!

PERCENT SULFUR IN COAL

Figure 3. Solid Wastes for Alternative 
Regulations

•  "Coal Preparation and Cleaning Assess
m ent Study," Appendix A (Part 1),
ANL/ECT-3, Bechtel Corp. for Argonne 
National Laboratory, Decem ber 1977.

•  "Coal Preparation and Cleaning Assess
ment Study," Appendix A (Part 2),
ANL/ECT-3, Argonne National Labora
tory and Bechtel Corp., December
1977.

•  "Assessment of Status of Technology 
for Solvent Refining o f C oal,"  Appendix
B , ANL/ECT-3, Air Products and 
C hem icals, Inc., for Argonne National 
Laboratory, in press.

•  "Assessment of Low-Btu Gas Combined 
C ycle Power Generation," Appendix C , 
ANL/ECT-3, Foster Wheeler Energy 
Corp. for Argonne National Laboratory, 
in press.
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Figure 4. Resource Use for Alternative 
Regulations

•  "Assessment of NOx Control Technology 
for Coal Fired U tility  Boilers," Appen
dix D, ANL/ECT-3, KVB, Inc., for 
Argonne National Laboratory. December
1977.

•  "A Review of Technology for Control 
o f Fly Ash Emissions from Coal in 
Electric Power Generation," Appendix 
E, ANL/ECT-3, Southern Research 
Institute for Argonne National Labora
tory , December 1977.

•  "Flue Gas Desulfurization in the United 
States -  1977," Appendix F, ANL/ 
ECT-3, Tennessee Valley Authority for 
Argonne National Laboratory, December
1977.

•  "State-of-the-A rt R eview  for Simul
taneous Removal o f Nitrogen Oxides 
and Sulfur Oxides from Flue Gas," 
Appendix G, A N L /E C T -3, Tennessee 
Valley Authority for Argonne National 
Laboratory, Decem ber 1977.

PROJECTED MILESTONES

Reports resulting from subcontracts in FY 
1978 will be issued within th e first quarter of  
FY 1979. By the end o f th e third quarter, 
reports prepared by ANL as part of the in-house 
studies mentioned previously w ill be Issued. A 
report on comparative evaluations of various

control stra teg ies under the revised New Source 
Performance Standards will be issued follow ing  
promulgation o f those regulations. As in the  
past, subcontracted work will culminate in final 
reports by th e end of the year.

ASSESSMENT OF 
ONCE-THROUGH COOLING 

WATER CONTROL TECHNOLOGY

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory
W -31-109-EN G -38

PRINCIPAL INVESTIGATORS

J.D. Ditm ars
R.A. Paddock

OBJECTIVE

The ob jective  of this study is to a ssess , in 
general term s, the efficacy of various types of 
once-through cooling system  discharges for the  
disposal o f w aste heat from steam -eiectric power 
generating stations.

APPROACH

The final determination of the acceptability  
of once-through cooling at a particular s ite  must 
be made on a case-by-case basis, and many 
factors must enter into the evaluation process. 
This study is lim ited to assessing the e ffica cy  of  
once-through cooling in terms of restrictions on 
the physical extent of the thermal plume pro
duced. Typical physical water quality standards 
and guidelines will be used as measures o f the  
acceptability o f  once-through cooling system s and 
as the m eans of comparing various discharge  
design concepts.

Four gen eric classes* r* receivir 3 water bodies 
(rivers, la k es, estuaries, and open coasta l 
waters) and four typical large powerplants (5 0 0 -  
MW fo ss il-fu e led , 500-MW nuclear, 1000-MW  
fossil-fu e led , and 1000-MW nuclear) have been  
used to form a  framework for the assessm ent. 
Typical therm al standards have been identified  
for each of' th e four classes of water bodies, and 
estim ates o f cooling water flow rates and in itia l 
excess tem peratures have been made for each  o f  
the four typ ica l powerplants. The mixing and 
dilution characteristics o f various outfall designs, 
including conventional, low -velocity, shoreline 
surface d ischarges, high-velocity, and offshore
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submerged multipart diffusers, have been exam
ined to determine the circum stances under which 
they could m eet the appropriate thermal
standards.

PROGRESS AND RESULTS

The efficacy  of the disposal o f waste heat 
from  steam -electric  power generation by means 
o f  once-through cooling system s has been exam
ined in the context of the physical aspects of 
typical water quality standards and guidelines for 
therm al discharges. The results o f prototype
m easurem ents, analytical model predictions, and 
laboratory physical model studies have been
exam ined and used to determine the circum
stances under which various discharge modes 
m ight meet typical thermal standards. General
guidelines have been produced that indicate, for 
a  given plant capacity , a given type of receiving 
w ater body, and a given discharge mode, the 
likelihood that once-through cooling can be 
e ffe c te d  within the restrictions of typical 
standards.

In general, it has been found that shoreline 
surface discharges would not be adequate for 
large powerplants ( £ 5 0 0  M 'V ) at estuarine and 
m arine coastal s ites , would be marginally 
adequate at lake s ites , and would be acceptable 
only at river sites with large currents and river 
discharges. Submerged multiport diffusers have 
been found to provide the greatest likelihood of 
m eeting thermal standards in all receiving water 
environments.

PLANS FOR NEXT PERIOD

The final report is presently in draft form. 

REPORTS PUBLISHED

R.A . Paddock and 3.D. D itm ars, "Assessment 
o f Once-Through Cooling Water Control Tech
nology," Proceedings. U.S. DOE Environmental 
Control Symposium. Washington, D .C ., Njvember 
2 8 -3 0 , 1978, in press.

R .A . Paddock and J.D. D itm ars, "An Assess
m ent of the Once-Through Cooling Alternative 
for Central Steam -E lectric G eneraf' i Stations," 
A NL/W R -78-6, Argonne National Laboratory, 
final draft.

PROJECTED MILESTONES

•  Incorporation of com m ents from the 
external review in the final report 
where appropriate, and publication of 
the report.

PRELIMINARY OVERVIEW OF
ENVIRONMENTAL CONTROL TECHNOLOGY

FOR CO2  EMISSIONS

ORGANIZATION AND CONTRACT NUMBER

Brookhaven N ational Laboratory 
E Y -76-C -02-0016

PRINCIPAL INVESTIGATORS

M. Steinberg 
A.S. Albanese

OBJECTIVE

The objective o f  th is study is to  assess the 
applicability of s ta te -o f-th e -a r t  CO2  control pro
cesses for controlling the level o f atmospheric
co2.
APPROACH

Conceptual processing schemes for CO2  
recovery and recy c le  will be prepared, and 
exploratory studies w ill be performed.

PROGRE5S AND RESULTS

Background inform ation on CO2  em issions and 
atmospheric concentrations has been reviewed for 
the purpose of establishing design criteria  for the 
control studies. Three potential CO2  control 
points (CO2  removal s ites ) have been identified  
for regulating the concentration of CO2  in the 
atmosphere: the atmosphere itse lf, th e  oceans,
and the stacks of major CO2 em ission sources 
(e .g ., fossil fuel powerplants). The latter site  
has the advantage o f  providing a source o f rela
tively high CO2  concentration; the other two  
provide more flex ib ility  for site se lection  and 
simpler disposal (or recovery and reuse) logistics. 
A choice of control point limits the available 
choices of C 0 2  rem oval processes and will 
reflect on the com parative economics and feasi
bility of operation. There is the option of pro
graming (regulating) th e  anthropogenic release of 
CO2  in accordance w ith  the Earth's assim ilative  
capacity; however, th is course of action  would 
restrict the use of th e  fossil fuels.

A logic structure for system atically con
structing CO2  control scenarios and a  methodolo
gy for evaluating scenarios have been developed. 
Process options for CO2  capture, reuse, and dis
posal have also been identified and tabulated. 
The prime consideration in evaluating a  CO2  con
trol system that derives its energy from  a fossil 
fuel source is the energy required by the control
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system . In these c u e s ,  additional CO2  would be 
generated in supplying energy to the control sys
tem and a point could be reached where as much 
CO2  is  generated in supplying energy to the con
trol system  as is removed from the control 
point. Based on an assessm ent o f the energy  
requirements for capturing CO2  from the atm os
phere, it  is unlikely that a practicable system  
can be designed for removing CO2  from th e  
atmosphere unless nonfossil energy sources are 
considered.

A scenario based on absorbing fiue gas CO 2  
with seaw ater and disposing o f CO2  in the deep  
ocean has been formulated and evaluated. For a  
60-percent CO2  removal e ffic ien cy , 0.6 kWh o f  
elec tr ic ity  per pound of CO2  captured is re
quired; for a 90-percent e ffic ien cy , 0.8 kWh is 
required. At an overall powerplant efficiency o f  
38 percent and a coal heating value of 18 ,000  
Btu per pound of contained carbon, only 0.55  
kWh of e lectr ic ity  is produced per pound of CO2  
generated.

PLANS FOR NEXT PERIOD

The applicability of sta te -o f-th e-a rt CO2  
control processes fc.- controlling the level o f
atmospheric CO2  will continue to be assessed.
S pecifica lly , am ine, potassium carbonate, and 
cryogenic separation methods will be studied.

REPORTS PUBLISHED

A.S. Albanese and Meyer Steinberg, "Envi
ronmental Control Technology for Atmospheric 
Carbon Dioxide," Progress Report No. 1, BNL
50794, Brookhaven National Laboratory, April 
1978.

A.S. Albanese and Meyer Steinberg, "Envi
ronmental Control Technology for Atmospheric 
Carbon Dioxide," Progress Report No. 2 , BNL
50877, Brookhaven National Laboratory, April 
1978.

PROJECTED MILESTONES

•  September 30 , 1978 — Completion o f  
initial study and identification of areas  
for further investigation

ASSESSMENT OF RADIOACTIVE EMISSIONS 
FROM COAL MINING, PROCESSING, AND 

COMBUSTION

ORGANIZATION AND CONTRACT NUMBER

Los Alamos Scientific Laboratory
W-7W 5-ENG-36

PRINCIPAL INVESTIGATOR

E.M. Wewerka 

OBJECTIVE

The purpose of this work is to identify 
potential environmental and health hazards that 
may result from low -level releases of radioactive 
substances during the m ining, processing, and 
combustion of coal and to  define environmental 
control technologies where appropriate.

APPROACH

There are three basic parts to the research 
required to achieve the sta ted  technical objec
tives: ( 1 ) resolution o f th e distribution (s) of
radionuclides in the various sectors of the coai 
utilization cy c le , ( 2 ) analysis of the nature and 
magn itude of radionuclide releases associated  
with coal use, and (3) identification  of control 
technologies to  counter environmental problem 
areas that are uncovered, if  any.

The first task will include measurement of 
radionuclide concentrations and assessment of any 
fractionation in coal u tilization  from mining to  
combustion. This will also include the various 
associated coal cleaning w astes and their leach
a tes , coal ash, scrubber sludges, gaseous and 
particulate effluents, and th e  concentrating of 
radionuclides (such as P B -210 and Th-232) by 
natural processes (Figure 5).

The second task, to be conducted parallel tb 
the first, will be a quantitative study of the 
magnitude of the releases o f  the radionuclides 
into the environment. This w ili be accomplished 
by leaching studies on sam ples taken from coal 
m ines, storage areas, refuse dumps, and ash dis
posal sites. An assessm ent o f wind and water 
e ffe c ts  may also be required.
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PLANS FOR NEXT PERIOD
n» THONUM
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Figure 5. Condensed Decay Scheme for 2^ T h  
Showing Important Radionuclides and Stable 

End Product

The third part of the program, that of the 
environmental controls developm ent, will be done 
in tandem with the first two sections. As soon 
as any environmentally troublesom e areas appear 
as a result o f the distribution and release  
studies, appropriate environmental control tech
nologies will be developed.

The overall experim ental program is a coor
dinated effort by the Los Alamos Scientific  
Laboratory (LASL), the Mound Laboratory (M L), 
the Environmental Protection Agency' (EPA), and 
the Bituminous Coal Research Corporation 
(BCR).

RESULTS AND PROGRESS

Initially, information about the rariicruclide 
contents of coals and coal residues was con
sidered, and priorities were established concern
ing the sections o f the coal utilization cycle and 
the sp ec ific  radionuclides to be emphasized in 
this investigation. Intercommunication has been 
established with EPA and ML to  coordinate this 
program with their work on radionuclide releases 
during coal combustion or from ash or residues 
resulting therefrom . These discussions have 
resulted in the identification of the types of 
coals, coal refuse , ashes, and sludges that will 
be included in this program. EPA has identified  
sources for these m aterials. Sample collection is 
being done by the TRW Corporation under con
tract to the EPA O ffice of Radiation Programs. 
These field  samples are being distributed to the  
appropriate laboratories for analysis. Concurrent 
with these efforts will he "roundrobins" among 
LASL, EPA, and ML to standardize analytical 
procedures for radionuclides in coals, coal resi
dues, and aqueous solutions.

Standardization of procedures to  analyze 
radionuclides in coals, coal residues, and aqueous 
solutions will be com pleted. These techniques, 
and others developed for an existing program, 
will be used to  determine the mineral composi
tions and the trace elem ent and radionuciide 
contents of the various co a l, refu se , and ash 
sam ples that were co llected . Concurrent with 
these analytical a ctiv ities , the environmental 
conditions at the various storage and disposal 
s ite s  will be established, and laboratory studies 
of radionuclide releases during the weathering 
and leaching of stored coals and discarded 
refuse, sludge, and ash will be started . This 
work will be directed at rapidly identifying  
sp ecific  areas within the coal utilization cyc le  
where hazardous quantities o f radionuclides might 
be released.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

Progress reports will be written on a quar
terly basis, and a midyear m eeting with the ECT 
program manager will be held to review  results 
and determine directions.

ENVIRONMENTAL CONTROL ASSESSMENT OF 
COGENERATION AS A DISTRICT HEATING 

SOURCE

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory 
W -7405-ENG-26

PRINCIPAL INVESTIGATORS

W.G. Stockdale
H.A. McLain
B.D. Murphy

OBJECTIVE

The objective of this study is to exam ine the 
environmental aspects of cogeneration as applied 
to  a district heating system  for a large metro
politan and urban area. The. replacem ent of a 
large number of individual heating system s by a 
central d istrict heating system  will a ffe c t  the 
distribution and emissions o f atmospheric pollut-
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ants in the environs of an urban area. Just what 
the e ffe c t  will be is uncertain. With
cogeneration of electrica l generating stations as 
th? source of heat to a district heating system , 
there is the potential that this may b* an air 
pollution control technique.

APPROACH

Minneapolis-St. Paul is considering district 
heating from cogeneration as a feasib le project 
for implementation in the 1980s and 1990s. A 
scenario for this has been prepared by Studsvik 
under subcontract to Oak Ridge National Labora
tory (ORNL) for the Department o f Energy.
ORNL will use this scenario and an air emission 
source inventory for heating units for the Twin 
C ities , compiled by the Minnesota Energy Agency 
(MEA) under subcontract to ORNL, as baseline 
information. Using the data developed by MEA,
modeling of the annual air pollution in the Twin
C ities , as it existed in 1976, will be accom 
plished using the clim atological dispersion model 
(CDM). Partial cold weather curtailment of gas 
to all but priority customers is expected  by 
1987. With information supplied by MEA on this 
curtailment and substitute fuel, mainly distillate  
oil and residual fuel oil for the curtailed gas 
custom ers, a prediction of the dispersion of 
atmospheric pollutants from area and point 
sources for the scenario expected to ex ist in 1987 
without district heating will be m ade. It is 
assumed that the district heating will be fully 
implemented by retrofitting, where econom ical, 
existing power stations for cogeneration and the 
addition of new cogeneration units. A fully 
implemented district heating system appears pos
sib le by the year 2000  but will use gas curtail
m ent and substitute fuel information predicted 
for 1987, the latest currently available. With 
information supplied by MEA on heating units 
that will connect to the district heating grid, 
point and area source alternate fuel use for 
emissions of atmospheric pollutants will be recal
culated. This will allow a comparison o f current 
atmospheric pollutants, conditions as they will 
exist in the future with gas curtailment and the 
use of substitute fuel o ils , and atmospheric con
ditions that might be expected if heat is supplied 
by a district heating grid.

PROGRESS AND RESULTS

The National Emissions Data System for the 
Twin cities area was reviewed by MEA and com 
pared to MEA's data , and additional sources 
were added to the data base where appropriate. 
Data on space heating were evaluated and e s ti
m ates made where data were missing or ques

tionable. Projections were made of gas utiliza
tion by 11 priority classes from the area utility. 
Curtailments of gas to the different priority 
classes were projected for 1987. The mix of 
alternate fuels, mainly distillate and residual o il, 
were estimated for gas-curtailed customers. 
Boundaries for three cases were mapped onto 
United States G eological Survey topographical 
maps: Computer-assisted area source emissions
grid squares, gas billing d istricts , and the dis
trict heating zones are being used in the study. 
A com puter program was developed by Lockheed, 
under subcontract to  ORNL, that w ill be used in 
developing point source inventories for three 
study scenarios: 1976 base, 1987 without cogen
eration , and 1987 with cogeneration.

PLANS FOR NEXT PERIOD

The basic information developed during FY 
1978 will be com pleted in a format suitable for 
direct input to the CDM to characterize and 
compare the atm ospheric environmental impacts 
of SOx and particulates of the three study sce
narios. A draft report will be prepared present
ing the results of the study and the methodolo
gies and assumptions used. The report is 
scheduled for final publication near the end of 
the first quarter o f FY 1980.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  FY 1979 — Draft report on results

•  First quarter of FY 1980 — Final 
publication o f report

ASSESSMENT OF ENVIRONMENTAL CONTROL 
OPTIONS FOR CONTROL OF CO2  IN THE 

GLOBAL ATMOSPHERE

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory 
W -7W 5-ENG-26

PRINCIPAL INVESTIGATORS

C .F . Baes 
S.E. Beall
G. Marland 
R.M. Rotty
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OBJECTIVE PRINCIPAL INVESTIGATOR

The objective of this project is to develop  
possible scenarios for CO2  removal and storage 
and to  assess their feasibility for controlling CO2  
in the global atmosphere.

APPROACH

The approach will be to study (1) the possible 
methods of removal of CO2  from air, w ater, 
and stack  effluents; ( 2 ) the characteristics of 
the various physical forms of CO2  (com pressed  
CO2 , CO2 -H 2O solution, CO2 -H 2O d a th ra te , 
solid CO2 ); and (3 ) several CO2  storage options 
(abandoned w ells, the oceans, cold storage at 
the p o les , e tc .) .

PROGRESS AND RESULTS

During the 3 months of the project, ORNL 
has begun to characterize the physical forms of 
CO2  and to analyze several removal processes 
Results indicate that conventional removal sys
tem s w ill be expensive from the standpoints of 
energy and dollar cost. The storage capacity of 
depleted oil and gas wells was estim ated and it 
was concluded that they could store only a small 
fraction of the CO2  produced.

PLANS FOR NEXT PERIOD

In FY 1979, ORNL will continue to assess the 
possibilities for rem oval, transport, and storage  
of CO2  and will examine the impact of recycling  
CO2  using nonfossil energy inputs.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  July 1, 1979 — Studies and analyses 
com pleted

•  October 1, 1979 — Final report issued

WASTE HEAT MANAGEMENT IN THE 
ELECTRIC POWER INDUSTRY

ORGANIZATION AND CONTRACT NUMBER

M assachusetts Institute of Technology 
E ( l l - l ) 4 1 1 4 (  E Y -76-S -02-411*- A001)

D.R.F. Harleman 

OBJECTIVE

The tremendous quantity of w aste heat 
rejected by steam -e lectr ic  powerplants represents 
both a substantial energy loss and a major envi
ronmental concern. The environmental impact of 
waste heat on natural water bodies can be great
ly reduced by employing c losed -cycle  cooling sys
tem s such as cooling tow ers, ponds, or spray 
modules. However, these system s are generally 
more costly and involve greater fuel consumption 
than open-cycle system s due to  greater capital 
costs , decreased net e ffic ien cy , and the require
m ent for greater backup capacity. Additionally, 
closed -cycle  system s may have other environmen
ta l impacts of their own. The objective of this 
project is to examine these trade-offs more 
closely as they relate to  the ch o ice , design, and 
operation of a cooling system  for an individual 
plant and as they relate to  national policies con
cerning f u e l ' conservation goals, water pollution 
control, and so on.

APPROACH

The project is divided into two complementary 
subtasks. Subtask 1 involves the development of 
design codes to econom ically size  open-cycle sys
tem s, cooling ponds, natural and mechanical 
draft wet towers, and mechanical draft dry 
towers for use with large base-load plants. 
Trade-offs among econom ics, fuel consumption, 
and environmental factors are demonstrated on 
an individual plant level by comparing system s as 
they would be designed for new 1200-MW nuclear 
and 800-MW fossil-fueled  base-load plants at a 
hypothetical midwestern site .

Estimates of the future availability of water 
for cooling powerplants are employed along with 
the developed design codes to determ ine possible 
future cooling mode m ixes. Trade-offs on a 
national level are evaluated by computing desira
b le future mixes of cooling system  types; several 
scenarios are examined with consideration given 
to varying levels o f future energy demands and 
environmental controls.

Subtask 2 investigates the operation of sup
plementary cooling system s for the purpose of 
m eeting environmental constraints on temperature 
increases induced in receiving waters. The Ten
nessee Valley Authority's Browns Ferry Nuclear
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Power Plant Is used as a  case  study. The plant 
has b een  designed to operate in open, h elp er , 
and d o s e d  modes to com ply with tem perature  
standards that limit induced temperature in 
creases in  the Tennessee R iver. At present, th e  
decision as to which m ode to  use is based on 
tem peratures from if» tream  monitors which, due 
to sp atia l separation, may d iffer from those th a t  
would occur at the s ite  if  the plant w ere not 
operating. The research involves estim ating  
natural temperatures based on (^stream m onitors 
and exam ining the e f fe c ts  on station operating  
effic ien cy  which reflect d ifferent cooling system  
control (m ode-change) strateg ies.

PROGRESS AND RESULTS

For scrfrtask 1, a consistent set o f design  
procedures far each cooling s y s t e m  has been  
developed. Careful attention  has been given to

•  The effec t that the cost of rep lace
m ent energy has on the optimal s iz e  o f  
cooling system s (especially  dry tow ers)  
and

•  The development of a  quasi-steady  
representation o f  the transient response  
o f  systems with large thermal in ertia  
(e .g .,  cooling ponds).

Data provided by the U.S. Water R esources  
Council has been used to  calcu late the regional 
potential for employing various cooling m odes 
given d ifferent environmental regulations. This 
inform ation is now being used to com pute th e  
d ifferen ces in cooling c r s ts  that result from  dif
ferent environmental cortro ls.

For idbtask 2, a determ inistic model has been  
developed to  estim ate d ifferences between up
stream  and near-site natural temperatures based  
on re a l-tim e  m eteorological and hydrological 
data. A number o f sta tistica l tim e series  
m odels, calibrated with preoperational upstream  
and n eo r-s ite  field data , have been developed to  
improve th e accuracy o f  these estim ates. Final
ly , an analytical model has been used to  com 
pute induced tem peratire increases.

T he most important findings of sub task  2 to  
date are as follows: Using the best m ode o f
op eration , the m ixed-m ode cooling system resu lts  
in on ly  1 0  percent of the capacity lasses exp eri
enced by a  totally d o sed  system . The co o lin g -  
tow er-re la ted  capacity loss is  extrem ely sen sitiv e  
to th e  specified  lim it an induced tem perature 
increases; a  decrease from  5°F  to 3°F in th e  
allow able temperature rise produces a  300 -

percent increase in lost cap acity . About one-  
third o f the capacity la sses  incurred using a 
m ixed-m ode system  are th e  result of natural 
tem perature variations that are interpreted as 
plant-induced e ffec ts  by th e  monitoring system  
(th is unnecessary loss may be cu t in half by the 
use o f  a  predictive model for natural tem pera
ture fluctuations developed in th is study).

PLANS FOR NEXT PERIOD

The research performed to  date has identified  
sizable regions in the U nited  States in which 
once-throigh  cooling is not possible and in which 
the availability of water for d o se d -c y d e  cooling  
is th e critical or lim iting issue. In FY 1979, 
efforts  will be made to  provide feasible w^ter 
management alternatives to  conventional-forced  
or natural-dtaft-evaporative cooling tor'ers to  
increase the possibility o f  sitin g  generating sta
tions in areas with a sh ortage of water. The 
im plem entation of these a lternatives will require 
a carefu l analysis of water consumption in rela
tion to  water rights and consequent e ffec ts  on 
water quality.

REPORTS PUBLISHED

FY 1977 interim report 

PROJECTED MILESTONES

•  October 197S — Technical reports sum
marizing subtasks 1  and 2  issued

ENVRONMENTAL EFFECTS O* 
DRY/WET COOLING TOWERS

ORGANIZATION AND CONTRACT NUMBER

P acific  Northwest Laboratory  
E Y -76-C -06-IS30

PRINCIPAL INVESTIGATORS

R.T. Allemann
B.M. Johnson

OBJECTIVE

The objective of DOE'S Dry/Wet Cooling 
Towers Program is to eva lu ate  environmental 
e ffe c ts  o f (fc-y/wet cooling and to develop (in  
conjunction with utilities and the cooling tower 
industry) dry/wet system s th a t can be applied to  
oonserve water resources, increase power plant 
siting flex ib ility , and g ive  e f f id e n t  power plant
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performance over a  year's cyc le , a t costs Ccapi
ta l and operating) sii>stantially below systems 
presently available from manufacturers.

The use o f  water for plant cooling has 
im plied environm ental effects from the standpoint 
o f  the amount o f  available water used , the iden
tification  of w a ste  heat streams, and the pos
sib le  enviornmental e ffec t  of the use of alumi
num as a construction material. The deposition/ 
corrosion of aluminum is of particular environ
m ental consequence as it influences the allowable 
c y c le s  of concentration , and hence blowdown, 
that can be to lera ted . For plants constrained
w ith  "zero discharge" criteria, this becomes a 
crucial factor. It is these environmental effects  
that will he assessed  in this study.

APPROACH

The principal effort is an update and expan
sion of document BNWL-2268, "An Overview of 
Econom ic, Legal and Water Availability Factors 
A ffecting  the Dem and for Dry and Wet/Dry 
C ooling for Thermal Plants," by P. Hendrickson. 
This document w ill be updated to identify and 
an alyze factors a ffectin g  the demand for water 
that were not id en tified  or fully covered in the 
previous issue. The following are exam ples of 
questions that w ill be addressed and topics that 
w ill be studied:

•  Why is there such a sensitiv ity  in some 
regions to  water use for powerplant 
cooling?

•  To what extent were the objections to  
locating th e nuclear plants planned by 
the Los Angeles Department o f Water 
and Power within Kern C ounty, Cali
fornia, based on concern over water 
consumption for cooling? Would the 
use o f cfry/wet cooling have affected  
public accep tance of the project?

•  Is the growing concern over ground
water depletion in the States of 
Arizona and Texas (in particular) going 
to have a  significant e f fe c t  on the per
ceived need  for & y  cooling in these, 
and sim ila r , areas?

•  What is  the level of concern within 
C alifornia State agencies for developing 
econom ically  feasible alternatives to 
evaporative cooling now that the 
('/'ought is  (temporarily?) broken and 
p ro jec tio n  for power growth have been 
revised downward somewhat?

•  What are th e factors that prom pted the 
National Academ y of S c ien ces Commit
tee on Nuclear and A ltern ate  Energy 
Strategies to  identify th e concern that 
the availab ility  of "fresh w ater supply 
will sign ificantly constrain th e  growth 
of energy in the U.S.," and conclude, 
:’this subject requires much m ore care
ful study than it has rece ived ”?

The second task  dealing with environmental 
constraints on the use of aluminum in & y  and 
<fry/wet towers is implemented by f ie ld  sampling, 
supplemented by work in the laboratory to  deter
m ine the behavior o f different types o f  aluminum 
in  various environmental situations that may exist 
in  the vicinity o f dry cooling equipm ent. Third- 
year corrosion specim ens Irom Port Sulfur and 
second-year laboratory specimens w ill be evalu
a ted . A laboratory corrosion deposition  loop is 
to  be operated for accelerated deposition and 
corrosion testing o f  variously trea ted  aluminum 
surfaces that might be used in w et/d ry  coding  
tow ers.

PROGRESS AND RESULTS

This is a new program begun in  la te  FY 
1978. However, in  FY 1978, th e D ry Cooling 
Enhancement Program , to which i t  is closely 
associated , has developed the m ethodology and 
com puter program to  optimize th e  design of 
d ty /w et cooling tow ers using th e deluge prin
c ip le —running water over the dry coo lin g  surface 
for  cooling enhancem ent by evaporative cooling 
on  hot days. The code determines th e  design 
that will provide th e  lowest cost e le c tr ic ity  from 
th e  plant for a given  set of input param eters, 
including m rteorological data from th e  proposed 
s i t e ,  capital and operating co sts , th e  cost of 
w a ter , and the basic performance characteristics  
o f  the heat exchangrr surface. Econom ics aside, 
th e  environmental e f fe c ts  may be controlling.

A survey of recen t legislation has shown that 
th e  laws are becom ing more restric tive for water 
transfer even in water-plentiful s ta te s . Cost 
stud ies show no significant change from  costs 
shown in previous reports. Water assessment 
reports verify w ater shortage areas as indicated 
in  the report and support an in crease  in dry 
coo lin g  by the year 2000. There are  som e dis
crepancies in the evaluation o f  groundwater 
availability among various surveys.

Initial testing o f  tw o different configurations 
fo r  dry/wet cooling was done in th e  Water Aug
m ented Testing Apparatus for H eat -Transfer 
fa c ility . Reports w ill be com pleted before the~
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end of the f isca l year and will assess the funda
mental fea sib ility  of the deluge approach. The 
greatest uncertainty deals with sc a le  deposition 
and corrosion from the cooling w ater circulated  
over the heat exchanger s ir fa ce . A corrosion/ 
deposition lo o p , a small laboratory loop directed 
entirely to  th is question, was com pleted and is  
being used to  determine the envelope of water 
quality required to avoid problems of corrosion 
and sca le deposition. Several runs have shown 
the concentration effects on deposition and the 
reduction in corrosion by anodizing.

PLANS FOR NEXT PERIOD

The corrosir i/deposition loop testing will be 
continued. Evaluation of special rinse cycles will 
be made. Photomicrographic studies will be done 
to  asoertain th e method of attack and the feasi
bility of various ways of removing sca le  and pre
venting a ttack  on the aluminum heat exchanger 
fins when they are repeatedly run w et as well as 
dry.

REPORTS PUBLISHED

P acific Northwest Laboratory, Draft of 
"Aluminum A lloy Performance Under Dry Cooling 
Tower C onditions," Supplements to  PNL-2392, 
September 1978.

"An O verview  of Economic, Legal and Water 
Availability Factors Affecting the Demand for 
Dry and D ry/W et Cooling for Thermal Plants," 
Update of BNW L-2298, September 1978.

PROJECTED MILESTONES

The updated and supplemental reports will be 
published. Laboratory testing of deluge cooling 
determination o f  water quality requirements will 
be continued. The possible use of ammonia in 
powerplant cooling towers will need environmen
tal assessm ent and standards to be applied; if it  
looks econom ically  attractive.

ASSESSMENT OF THE RADIOLOGICAL 
IMPACT O F WESTERN COAL UTILIZATION

ORGANIZATION AND CONTRACT NUMBER

Mound Laboratory 
E Y -7 6 -C -04-0053

PRINCIPAL INVESTIGATOR

C.E. Styron

OBJECTIVES

Specific objectives of th is p h ase of the study 
were to ( 1 ) investigate the f a t e  o f  radionuclides 
in the coal fu e l cycle using a  representative 
coal-burning powerplant and, w here possible, 
indicate the scop e  of the p o ten tia l environmental 
and human h ealth  problem a sso c ia te d  with radio
nuclides in coal; ( 2 ) compile and evaluate data 
for U -238, U -2 3 4 , Pb-210, P o -2 1 0 , and Th-230 
in coal; (3) study the release, f a t e ,  and accu
mulation of radionuclides from  a  powerplant 
burning w estern coal; and (4 ) a sse ss  the possible 
need for additional control technology or 
standards.

APPROACH

Additional sam ples of soil and vegetation will 
be collected and library sam ples o f  coal, bottom 
ash, and fly ash will be analyzed t o  test hypoth
eses on the environmental im p a ct of a coal- 
burning powerplant and to ex ten d  th e data base 
on radionuclides in coal. Data on  stack  effluents 
will be subjected  to atm osp heric dispersion 
modeling to es tim a te  deposition o f  radionuclides 
and to estim ate doses of radiation to  the popula
tion adjacent to  the powerplant.

PROGRESS AND RESULTS

Results in d icate that the concentration of 
radionuclides in  coal from 18 a c t iv e  western 
mines (19 coal seam s) varies w id e ly , both within 
and between m in es, similarly to  other minor and 
trace constituents. The concentration  of radio
nuclides in w estern  coal being m ined today is 
slightly below th e  national a v era g e  for coal and 
is roughly com parable to ea ste rn  coal. The 
radionuclides o f  the U-238 d eca y  chain in 
western coal appear initially to  be in secular 
equilibrium.

Specific trends were not apparent in the dis
tribution of radionuclides in th e  environment 
relative to  th e powerplants burning western coaj. 
Electrostatic precipitators rem oved over 70 per
cent of U -2 3 8 , U -234, P b -2 1 0 , and Po-210 
entering the sta ck  in association with fly ash, 
and thus appear to  be of va lu e in  controlling 
radionuclide em issions. During th e sampling 
period, the electrostatic precip itators were 
apparently operating at less than design effi
ciency (99 p erc en t), so it is  suspected that 
normally the precipitators rem ove a  great deal 
more than 70 percent of the radionuclides asso
ciated with fly  ash . The con centration  of radio
nuclides predicted by atm ospheric dispersion 
modeling to  accum ulate over a  2 0 -year period
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w as 0 .1  to 1.0  p ercen t o f  measured environm en
ta l concentrations. The burning of w estern  coal 
in  a  modern power p lant with effective em ission  
con tro ls has not le d  to  detectable environm ental 
contamination.

Bottom ash and f ly  ash contained higher con
centrations of U -2 3 8 , U -234 , Pb-210, and -Po- 
2 1 0  than did the f e e d  co a l, due largely to  loss 
o f  combustible m ateria l. The relative enrichm ent 
o f  radionuclides in bottom  ash and fly  ash and 
th e  accumulation o f  radionuclides in ash ponds 
m ay lead to a p rob lem , however. Em anation of 
R n -222  from these disposal sites and leach ing  of 
U -2 3 8  and U-234 in to  groundwater and surface 
w ater have been su ggested  as potential problem s.

PLANS FOR NEXT PERIOD

Efforts during th e  next period will cen ter  on 
c o a l combustion r e fu se . The accum ulation of 
radionuclides in an ash  pond is related to  radio
n uclid e concentration o f  feed coal; am ount of 
c o a l burned; e ffic ien cy  o f  emission controls; and 
partitioning of radionuclides to bottom a sh , fly 
a sh , scrubber re a c ta n ts , and stack e fflu en ts . 
The fraction of R n -2 2 2  (growing from d ecay  of 
R a -2 2 6 ) that d iffu ses through the ash to  the 
atm osphere varies w ith  atmospheric pressure, 
tem perature, density o f  the ash, void volum e of 
m a tter  in the pond, s iz e  distribution o f particles  
o f  a sh , and a number o f other parameters. The 
p oten tia l for release o f Rn-222 to the atm os
p here from coal a sh  and scrubber sludge ponds 
should  be determined.

Ash ponds at powerplants frequently overflow  
to  rivers in many a re a s  o f  the country. This ash 
is  presently accum ulating in the United S ta tes  at 
a  ra te  in excess o f  60 million tons annually. 
Roughly 10 percent o f  this is being used in a 
v a r ie ty  of products, for  example, as a  cem ent 
su b stitu te  in concrete products; an aggregate in 
stab ilizin g  roadways; and a  filler in p u tty , paint, 
and wallpaper. F ly ash  may also be used as a 
"dewatering" agent fo r  waste slurries from  flue 
g a s desulfurization (FG D ) systems. The vast 
m ajority of waste products from FGD system s  
w ill be directly d isposed  of in ponds or used in 
la n d fill. The role o f  such practices in th e  tech
n ological enhancement o f  radiation doses to  man 
should be evaluated.

Efforts during th e  next period will cen ter  on
( 1 ) interlaboratory comparison of resu lts of 
radiochem ical analyses of samples o f  coa l, 
b ottom  ash, and f ly  ash; ( 2 ) determination of 
th e  partitioning o f  radionuclides in coa l during 
com bustion between th e  bottom ash, fly  a sh , and

scrubber sludge; (3 ) evaluation of the p oten tia l 
fo r  radiation doses from  coal ash and scrubber 
sludge; and (4) evaluation o f leachate d ischarges  
o f  radionuclides from  coal ash and scrubber 
s lu d g e  ponds to groundwater and surface w a ter .

REPORTS PUBLISHED

C .E . Styron and B. Robinson, "Prelim inary  
A ssessm en t of the R adiological Impact o f  West
ern  C oal Utilization," presented at th e  Fourth  
Jo in t Conference on Sensing of Environm ental 
P o llu ta n ts , American C hem ical Society, Washing
t o n , D .C ., November 6 -1 1 , 1977, pp. 3 3 6 -3 3 8 .

C .E . Styron, "Preliminary Assessment o f  the 
R adio log ica l Impact o f  Radionuclides in  W estern  
C oal on Health and Environment," p resen ted  at 
th e  Second National C onference and E xhibition on 
Technology for Energy Conservation, Inform ation  
T ra n sfer , Inc., R ock v ille , Maryland, January 
2 3 - 2 7 ,  1978, pp. 369-374 .

C .E . Styron, "An Assessment o f N atural 
Radionuclides in the C oal Fuel C ycle," N atural 
R adiation  Environment III, Houston, T exas, April 
2 3 - 2 6 ,  1978, in press.

C .E . Styron, B.M. Farmer, L.C. H opkins,
C .A . Phillips, B. Robinson, and V.R. C a se lla ,  
"A ssessm ent of the Radiological Impact o f  Coal 
U tiliz a tio n . I. Preliminary Studies o f W estern  
C o a l,” MLM-2514, Mound Facility, M iam isburg, 
O h io , in  press.

PROJECTED MILESTONES

•  November 1978 — Interlaboratory anal
yses at several selected laboratories o f 
samples of c o a l ,  bottom ash, and fly  
ash for U -2 3 8 , U -235 , U -234, T h -2 3 2 , 
Th-230, T h -228 , Pb-210, and P o -2 1 0

•  January 1979 — Comparison o f  resu lts  
of radiochemical analyses perform ed at 
the laboratories and resolution o f  any 
signficant d ifferen ces in results b etw een  
laboratories

•  June 1979 — Resolution of e x istin g  d if
ferences in resu lts for various m ethods  
of analyzing c o a l ,  bottom ash , and fly  
ash for R a-226

•  July 1979 — Analysis of sam p les of
coal, bottom ash , fly  ash, FG D  reac
tants, and FGD sludge from a  s e le c te d  
typical powerplant burning w estern  coal 
for U -238, U -2 3 5 , U-234, T h -2 3 2 ,
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Th-230, T h -2 2 8 , Ra-226, P b -210 , and 
Po-210

July 1979 ~  Evaluation o f  the poten
tial radiation doses from coa l ash and 
scrubber sludge disposal s ite s  using 
samples from  a  selected typical site

July 1979 — Evaluation of th e leachate 
discharges o f  U -238, U -2 3 5 , U -23*, 
Th-232, T h -230 , Th-228, R a-226,
Pb-210, and Po-210 from ooal ash and 
scrubber sludge ponds to groundwaters 
and su rface waters at a representative 
coal-burning power pi ant and also 
through laboratory studies

October 1979 — Final report

REMOVAL OF NO g AND SOj FROM FLUE 
GAS THROUGH ELECTRON BEAM 

IRRADIATION

ORGANIZATION A N D  CONTRACT NUMBER

R esearch-C ottrell, Inc.
EP-78-C-02-4902.AOOO

PRINCIPAL INVESTIGATOR

J.R. Bush 

OBJECTIVE

The objective o f  this study is to  assess the 
tech n ica l, econom ical, and environmental aspects 
o f  a novel concept for controlling NOx and SO2  
em issions from flu e  gases by e lectron  beam 
irradiation. The candidate process possesses 
several potential advantages over conventional 
flu e  gas scrubbing operations:

•  NOx and SO2  emissions are reduced 
simultaneously;

•  The process is f r y ,  which enhances 
reliability and facilitates disposal of 
solid w a stes  which, for th is process, 
possess so m e fertilizer value; and

•  The process configuration lends itself to 
retrofit application.

APPROACH

1.

2.

3.

4.

5.

Literature review of irradiation of 
SO2  and NOx systems

Developm ent of reaction  model 
for th e process to include e f fe c ts  
of irradiation, operation condi
tions, and flue gas com position

B ench-scale experiments with d.c. 
electron  beam

B ench-scale experim ents 
pulsed electron beam

with

Engineering evaluation o f  the pro
cess for development

Subtasks 1 and 2 are required to  establish  a 
re liab le  model to b e used for detailed evaluation  
o f  experimental resu lts and to establish a  means 
for scaling the process to layer s izes . Subtasks
3 and 4 involve experimental evaluation o f the 
process using two types of electron beam s. Each 
ta sk  evaluation w ill include effects o f  tem pera
tu r e , gas com position, dosage and dose r a te , and 
reaction  products. Inputs from subtasks 1 
through 4 will be used in task 5 to  arrive at a 
preliminary estim ate o f process engineering and 
econom ics.

PROGRESS AND RESULTS

The project was initiated August 1 , 1978. 
Subtask 1, the literature review, is  underway. 
The detailed design for the bench-scale experi
m en ts is proceeding (Figures 6 and 7 ).

-•MN VQLTAVt 
ILCCI»OM

r

The project is  divided into five subtasks: Figure 6 . Irradiation Chamber
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PRINCIPAL INVESTIGATORS

Figure 7. Experim ental System

PLANS FOR NEXT PERIOD

Laboratory bench-scale te s ts  will be con
ducted. Data from the experim ents will be anal
yzed and compared with theoretical predictions. 
Empirical kinetic and rate parameters will be 
modified as required. Engineering and economic 
analyses will be performed using the resulting 
model.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  October 1978 — Beginning of prepara
tion of test fa c ility

•  March 1979 — Beginning of major test 
program

•  September 1979 — Completion of com
puter model o f process

ENVIRONMENTAL ASSESSMENT OF COAL 
WASTE DISPOSAL IN OCEAN WATERS

ORGANIZATION AND CONTRACT NUMBER

Marine Sciences R esearch Center for State
University of New York
New York State Energy Research and
Development Authority
E P-78-C -02-5029(A 000)

I.W. Duedall
F.M .J. Woodhead

OBJECTIVES

As a  possible solution to the problem o f th e  
disposal o f  th e calcium su lfate-su lfite sludge and 
fly ash that accompany the operation of c o a l-  
fired powerplants using scrubbers, stabilized  
scrubber sludge in the form of 1 -cubic-yard  
blocks w ill b e  placed in the ocean. The objec
tive o f  th is project is to determine the engineer
ing and econom ic feasibility and the environmen
tal accep tab ility  of the disposal of these coa l 
wastes in th e form of a large-scale artific ia l 
reef. B efore establishment of the reef struc
ture, a  baseline study at the project site and a  
laboratory study of the block material will be  
conducted.

APPROACH

A baseline study of the project site w ill 
determ ine th e physical and chemical characteris
tics o f th e water column and bottom sedim ent. 
The biological community will also be sam pled  
and identified . The monthly sampling schedule  
will then denote any significant changes in th ese  
properties a fter  the placement of the large reef  
blocks in the ocean. When the engineering  
aspects o f the production and transport of the  
large blocks have been developed, cost analysis 
of the process will determine the feasibility o f  
this m ethod o f disposal of coal wastes.

PROGkESS AND RESULTS

Laboratory characterization of scrubber block  
m aterial sim ilar to the composition of blocks to  
be used during this project has been conducted  
with funding from the New York State Energy 
Research and Development Authority. Data on 
the physical integrity and biological colonization  
o f 'mail scrubber blocks have been collected  over  
the ’ 6  m onths that a series of these blocks has 
beer, subm erged in Conscience Bay, New York 
(Figure 8 ). Methods developed during this pro
ject are being adapted and improved for th e
large re e f  project in the Atlantic Ocean.

Initial study of the engineering aspects o f
producing th e blocks has been carried out by IU
Conversion System s, Inc., of Philadelphia. 
Sampling procedures for both above and below
water have been devised. A baseline cruise has 
been perform ed to obtain data on the chem ical 
and physical properties o f the water column and 
bottom sedim ent as well as to co llect samples o f
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Figure 8 . Plant L ife  Attached to  Sample 
Block Substrate, C onscience Bay, New York

the phytoplankton, zoopiankton, and benthic 
communities. A ser ies  o f  sample blocks is being 
installed to determ ine environmental compatibility 
and susceptibility to weathering as a  function of 
sludge fixation param eters (Figure 9 ).

PLANS FOR NEXT PERIOD

Work will continue on the laboratory char
acterization of the various compositions of the 
re ef  blocks. Leaching investigations will include 
elutriate, percolation, and tank leaching experi
m ents. Concentrations o f  major and minor com
ponents in the dissolved  and particulate phases 
will be determined in replicates using methods 
already developed a t the Marine Sciences 
Research Center. Such components include Ca, 
SO3 , SO4 , CO3 , N i, A s, Se, Cd, H g, Pb, Fe, 
and other selected trace  elements.

Several baseline cruises will be conducted at 
th e designated sta tion s at the project site. 
These cruises will c o lle c t  data concerning the 
physical and chem ical properties o f  the water 
colum n, including sa lin ity , tem perature, dissolved 
oxygen, chlorophyll a ,  suspended sed im ent, nutri
en ts , and heavy m eta ls , and will obtain samples 
for study of the phytoplankton and zoopiankton 
communities. Bottom  grab samples w ill be taken 
to  allow characterization of sediment properties, 
including metals com position. A study of the 
benthic community w ill a lso be accomplished with 
th ese  samples. D ivers will survey th e project 
s ite  for benthic organism s unobtainable by grab 
sam ples and will survey the existing artificial 
fishing reef nearby.

Figure 9. Divers Prepare for Ocean Placem ent 
o f Representative Sample Blocks o f  Fixed 

Scrubber Sludge

Production of the large, 1-cubic-yard reef 
blocks will begin in early spring w ith  placem ent 
o f  the blocks in th e Atlantic Ocean exp ected  in 
la te  summer of 1979. Monthly monitoring of the 
physical and chem ical properties o f  the water 
colum n and bottom sediment will con tinu e, and 
monitoring for the physical integrity and chem i
c a l composition o f the blocks will begin . Coloni
zation  of the block surfaces will be documented  
on a monthly basis, photographically by divers as 
w ell as by laboratory analysis on te s t  blocks 
returned from the reef. Colonizing organism s, 
grazers and browsers, and local fish w ill be anal
yzed  for possible uptake of reef block compo
n en ts. Bioassay analyses will be performed using 
approved Environmental Protection Agency pro
cedures.

REPORTS PUBLISHED

"A Preliminary Investigation of th e  Composi
t io n , Physical and Chemical Behavior and Bio
log ica l Effects o f Stabilized Coal Fired Power 
Plant Wastes (SCPW) in the Marine Environ
m en t,"  published under previous con tract with  
th e  New York S tate Energy Research and D evel
opm ent Authority.

PROJECTED MILESTONES

•  August 1978 -  Placement o f  700 blocks 
of scrubber sludge and f l y  ash
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EVALUATION OF POLLUTANTS FROM 
FLASH HYDROPYROLYSIS

ORGANIZATION AND CONTRACT NUMBER

Brookhaven National Laboratory
EY -74-C -02-0016

PRINCIPAL INVESTIGATORS

M. Steinberg
A.S. Albanese

OBJECTIVE

The objective of this project is to assess the 
environmental factors and control technologies 
involved in the flash hydropyrolysis (FHP) of 
coal and in related processes for the production 
o f gaseous and liquid hydrocarbon fuels and feed
stocks.

APPROACH

Laboratory analyses will be conducted on 
samples obtained from Brookhaven National 
Laboratory's experimental FHP unit (Figure 10). 
Based on the experim ental data and a literature 
survey of available environm ental control tech
nologies, conceptual flow diagrams and mass and 
energy balances of fu ll-sc a le  FH P-chem ical and 
FHP-refinery complexes w ill be prepared. Avail
able technologies will be a ssessed , and areas in 
which new technology is required will be iden
tified . In addition, an a ttem p t will be made to 
extend and generalize the findings and conclu
sions by reviewing and analyzing the available 
literature and data on processes related to FHP, 
such as those under developm ent at the Institute 
of Gas Technology (IG T), Rocketdyne, C ities 
S erv ice , and City C ollege of New York (CCNY).

PROGRESS AND RESULTS

Product streams of the experim ental FHP unit 
have been analyzed and p otentia l pollutants iden
tified . On a weight percentage basis, for a 
North Dakota lignite fe e d , the carbon and ash 
contained in the product char are higher than in 
the dry lignite feed , whereas the hydrogen, 
oxygen, nitrogen, m oisture, and volatile matter 
contents are reduced. The sam e trends are 
indicated when processing N ew  Mexico subbitumi- 
nous coal. However, the two types of coal 
behave differently with resp ect to sulfur. In the 
case of lignite, the sulfur content of the char is 
about twice as great as that o f the coal feed , 
increasing from about 0 .6  percent by weight to

Figure 10. BNL Bench-Scale Flash 
Hydropyrolysis Unit Used to Assist in Assessm ent 

o f Environmental Control Requirements

about 1 . 1  percent by weight, on the average. 
For to be true; that is ,  the sulfur content o f  th e  
char is lower than that of the coal feed. This 
difference in behavior is currently being  
investigated.

The liquid product of FHP, which is form ed  
on cooling the raw gaseous effluent of the u n it, 
consists o f two phases, an organic phase, con 
taining b enzene, toluene, and xylene (BTX) and 
light o ils ,  and an aqueous phase. The organic  
phase has been analyzed for carbon, hydrogen, 
nitrogen, sulfur, trace elem ents, and polynuclear 
arom atics (PNAs); the aqueous phase, for 
am m onia, phenols, cyanide, thiocyanate, and 
total carbon.

The gas product of FHP (consisting of those  
components that do not condense after a tw o -  
stage condensation at 55°F and -220F , resp ec-
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tively) is principally composed of m ethane,
eth ane, and oxides o f  carbon. Analyses lor H2 S, 
COS, and NH3  will b e  run on this stream during 
the next reporting period.

Based on the experim ental results and ana
lytica l studies, a  preliminary environmental
assessm ent of a con cep tu a l, industrial-scale 
FHP-chem ical com plex producing pipeline g a s, 
b en zen e, light o ils , e th y len e , and a number of 
byproducts has been m ade. Solid, liquid, and 
gaseous effluents o f th e  com plex have been eval
uated, and required treatm ent facilities and
potential problem a rea s  identified. A similar 
analysis on an F H P -refinery complex has been 
in itiated.

PLANS FOR NEXT PERIOD

A conceptual f lo w  plan of an FHP-refinery 
com plex will be com p leted  and an environmental 
assessm ent prepared. A vailable data on processes 
related to the FHP process will be analyzed. 
Sim ilarities and com m on problem areas as well as 
significant differences in process effluents and 
required control tech n olog ies will be identified. 
The analysis of the e ff lu e n ts  o f the experimental 
FHP unit will be continued  to further identify  
and characterize p o ten tia l pollutants and to up
date the FH P-chem ical and FHP-refinery assess
m ents.

REPORTS PUBLISHED

A.S. Albanese and Meyer Steinberg, "Envi
ronmental Control Technology for the Flash  
Hydropyrolysis of G oa l,"  Progress Report No. 1, 
BNL 50793, Brookhaven National Laboratory, 
October 1977.

A.S. Albanese and Meyer Steinberg, "Envi
ronmental Control Technology for the Flash  
Hydropyrolysis ol C oa l,"  Progress Report No. 2 , 
Brookhaven National Laboratory, May 1978.

PROJECTED MILESTONES

•  September 3 0 , 1978 — Completion of  
conceptual f lo w  plan and environmental 
assessment o f  the FHP-refinery 
complex

ENVIRONMENTAL CONTROL ASPECTS OF IN 
SITU COAL GASIFICATION: GROUNDWATER 

QUALITY CHANGES AND SUBSIDENCE 
EFFECTS

ORGANIZATION AND CONTRACT NUMBER

Lawrence Livermore Laboratory
W -7405-ENG-48

PRINCIPAL INVESTIGATOR

S.W. Mead 

OBJECTIVES

Two important environmental concerns asso
cia ted  w ith in situ coal gasification  are ( 1 ) th e  
p ossib ility  of groundwater contamination by 
reaction  products that remain underground a fter  
g asifica tion  and (2) ground subsidence. The 
in term ed iate objectives of this project include 
m easurem ents and assessm ents o l changes in 
groundwater quality and subsidence e lle c ts  in th e  
vic in ity  o f in situ gasification experim ents, and 
the developm ent of a predictive capability w ith  
regard to  these eflects that is applicable to  
com m ercia l-sca le , in situ coal gasilication. The 
u ltim ate objective is the identilication  of appro
priate control technologies.

APPROACH

The investigation of groundwater quality  
e f fe c ts  o f  in situ coal gasification  will include 
groundwater sampling and analysis b efore , 
during, and after in situ coal gasification experi
ments; laboratory studies of ash-leaching and o f  
contam inant sorption by coal and other media; 
and com puter modeling of the evolving plume o f  
contam inated  groundwater. The subsidence 
studies w ill involve field investigations carried  
out in conjunction with in situ coal gasification  
exp erim en ts , triaxial strength measurements o f  
core sam p les, and the application and validation  
of a  three-dimensional fin ite  elem ent com puter 
code for subsidence prediction. The field in vesti
gations w ill include both surface and subsurface 
ground deformation measurements.
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PROGRESS AND RESULTS

The effects of in situ coal gasification  on 
groundwater quality continued to be investigated  
during the past year by means of a groundwater 
monitoring program, laboratory experim ents, and 
modeling studies. Water quality sam pling is now 
in progress at the sites of two in situ coal gasi
fication  experiments conducted in northeastern 
Wyoming by the Lawrence Livermore Laboratory 
(LLL). Measurements near the first experiment 
(H oe Creek I, 1976) showed th at, in this 
instance, the largest group of organic contami
nants consisted of phenolic m aterials (Figures 1 1  
and 12). The phenols were concentrated just 
outside the burn boundary at an initial level of 
approximately 400 ppm. These m aterials are
very effectively adsorbed by the surrounding 
coal. During the first 14 months follow ing gasi
fica tion , the phenol concentrations decreased by 
roughly two orders of magnitude at all monitored 
w ells.

Laboratory measurements have been conducted 
to  determine the sorption isotherm s for phenols 
and other substances, and kinetic stud ies have 
helped to clarify the nature of contaminant
adsorption by coal. The adsorption of m etal ions
and additional organic m aterials has also been 
studied. Ash leaching experim ents have provided 
quantitative information concerning this method 
o i  contaminant production. A com puterized  
series solution of the two-dim ensional transient 
convective dispersion equation has been developed 
and is in use to study the evolution o f the
groundwater contaminants.

The ground movement and potential surface 
subsidence associated with the creation o f a  gasi
fication  cavity are also of significant environ
m ental concern because these phenomena may 
a ffe c t  the dispersal of the reaction-product con
taminants. Continuing efforts to assess these 
e f fe c ts  have included triaxial strength tests  of 
core samples obtained from the gasification  site 
(Figure 13). The results have been used to 
improve finite elem ent modeling studies of 
ground movement and subsidence. LLL has also 
measured a variety of pround m ovem ent phenom
ena by means of an ?• of geotechnical instru
m ents (Figure 14) inst; I at LLL's second gasi
fication  experiment ( h , .  Jreek II). The instru
m ents included two six-position borehole exten- 
som eters, two electrical shear strips, a  multiple 
piezom eter installation, and a  borehole deflec- 
tom eter apparatus that was utilized in six 
specially cased boreholes. Provisions for surface 
measurements included specially designed isolation 
bench marks, an optical le v e l, and a precision

Dittanc* from burn boundary, ft

Figure 11. Concentrations of Phenolic M aterials 
as a  Function of D istance From the Nearest Bum 

Boundary o f the Hoe Creek I In Situ Coal 
G asification Experim ent. Times are Measured 
from the End of G asification. Sampling Wells 
are Completed in th e Gasified Coal Seam and 

Located in Various Directions From the  
G asification Zone.

tape extensom eter. The results of these meas
urem ents have also led to more realistic model
ing capabilities. O f particular interest is the 
fact that the subsurface instruments documented  
extensive roof co llap se , probably a result of 
therm ally induced shrinkage that caused an inter
connection betw een the gasified coal seam  and 
overlying aquifers.
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Timt, hr

Figure 12. Laboratory Measurements of Phenol 
Adsorbed by Granular Coal as a Function of

Time. Data Represent the Analysis of a 
Large Number of Equivalent Phenol Solutions 

Agitated With a Shaker Table.

LLL has conducted exten sive groundwater 
measurements at 11 w ells near the Hoe Creek II 
experiment. Some analyses are performed in the 
field , and preserved samples are sent for analysis 
to  U.S. Geological Survey laboratories, GuK 
South Research Institu te, and LLL. Measure
ments of groundwater levels and contaminant 
concentrations as a  function o f tim e confirm the 
fact that roof collapse caused the gasification 
cavity to be connected with overlying aquifers. 
Because the gasification  s ite  is a discharge 
region, water from the overlying aquifers is 
flowing down into the gasified coal seam (Figure 
15). The environm ental im plications of this 
interconnection are being investigated .

PLANS FOR NEXT PERIOD

All phases of the current program will be 
continued during FY 1979. Groundwater monitor
ing will be conducted at the sites of LLL's 
completed in situ  gasification experiments and 
initiated at the s ite  o f the projected Hoe Creek

III experim ent. Laboratory and modeling studies 
o f groundwater contaminants will continue and 
will include laboratory measurements o f the 
adsorptive properties of sandstone and clay.

A postbum  coring study of the Hoe Creek II 
experiment w ill be conducted, and improved geo- 
technical instrum ents will be installed at the site 
o f the projected Hoe Creek III experim ent. Sub
sidence m odeling studies will include efforts to  
provide im proved predictions o f gasification- 
cavity  roof collapse, and efforts to identify 
suitable control and mitigation m ethods will 
continue.

REPORTS PUBLISHED

S. Warren Mead, John H. C am pbell, and 
Douglas R. Stephens, "Ground-Water Quality 
E ffects of an Underground Coal G asification  
Experiment," UCRL-79867, Lawrence Livermore 
Laboratory, 1977. Also in Proceedings of the 
Third Annual Underground Coal Conversion 
Symposium, C onf-770652, 1977.

R.C. G reenlaw , H.C. Ganow, and R.T. 
Langland, "Subsidence and Stability Studies for 
Underground Coal Gasification," U C ID-17674, 
Lawrence Livermore Laboratory, 1977.

J.H. C am pbell, E.D. P ellizzari, and S.D. 
Santor, "Results of a Ground-Water Quality 
Study Near an Underground Coal G asification  
Experiment (H oe Creek I)," UCRL-52405,
Lawrence Livermore Laboratory, 1978.
•

W.A. Dalton and J.H. Campbell, "Laboratory 
Measurements of Ground-Water Leaching and 
Transport o f Pollutants Produced During Under
ground Coal Gasification," UCRL-80834, 
Lawrence Livermore Laboratory, 197S.

H.C. G anow , R.C. Greenlaw, and R.T. 
Langland, "Geotechnical Instrumentation Applied 
to In Situ C oal Gasification Induced Subsidence," 
UCRL-81267, Lawrence Livermore Laboratory, 
1978. Also in Proceedings of the Fourth Annual 
Underground C oal Conversion Symposium. 3uly 
17-iO , 197*8.

R.C. G reenlaw , H.C. Ganow, and R.T. 
Langland, "Non-Linear Subsidence Modeling at 
Hoe Creek," Proceedings of the Fourth Annual 
Underground Coal Conversion Symposium. July 
l> -5 6 7  197$.

S. Warren Mead, Harold C. Ganow, and 
Francis T. W ang, "Giound-Water and Subsidence 
Investigations o f  the LLL In Situ Coal G asifica-
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Figure 13. Subsidence Instrumentation at Hoe Crctek Experiment II
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Figure 14. Geotechnical Instruments Array

Figure 15. Coal Column Apparatus Used to 
Simulate th e Flow o f Contaminated Groundwater 

Through a Coal Seam. During Operation, 
Samples are Extracted Through Rubber Septa 

Using a  Hypodermic Syringe.
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tion Experiments," UCRL-81271, Lawrence 
Livermore Laboratory, 1978.

S. Warren Mead, Francis T. Wang, and Harold
C . Ganow, "Environmental Investigations of In 
Situ Gasification Experim ents, UCRL-81395, 
Lawrence Livermore Laboratory, 1978.

PROJECTED MILESTONES

•  December 1978 — Annual report

•  December 1979 — Final report

ASSESSMENT OF ENVIRONMENTAL CONTROL 
TECHNOLOGY FOR COAL CONVERSION 

WASTEWATER SYSTEMS

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory
W-7405-ENG-26

PRINCIPAL INVESTIGATORS

J.S. Klein
C.H. Brown, Jr.
D.D. Lee

OBJECTIVE

The objective of this program is to investi
gate the amenability uf aqueous coal conversion 
wastes to various s ta te -o f-th e -a r t  and developing 
environmental control processes. This informa
tion w ill, by no m eans, be the final word on the 
tractability of aqueous w astes from coal conver
sion processes but will provide the screening and 
engineering information required by the devel
opers and designers of the developing coal con
version industry. This information must be 
obtained to ensure that water supply and quality 
are not adversely a ffected  by the industry.

APPROACH

The experimental work began with a continu
ation of studies using the Tapered Fluidized-Bed 
Bioreactor (TFBB) to  investigate the biological 
degradation of coal conversion wastewater. 
Specifically, wastewater from the Oak Ridge 
National Laboratory (ORNL) hydrocarbonization 
unit will be degraded to monitor the e ffec ts  of 
polynuclear aromatics (PN A s), trace m etals, 
ammonia, and other contaminants on the pro
cess . Especially of in terest will be the fate of

the PNAs and refractory, highly substituted  
phenolics.

Tests will be performed to determine if any 
readily available and inexpensive m aterials, such 
as porous coals or coal conversion chars, can be 
used as final polishing steps in the cleanup of  
aqueous effluents. O zone, usually considered an 
expensive way of degrading wastewater, will be 
looked at in combination with biological treat
ment to achieve an acceptable discharge. Wet 
oxidation will also be investigated as a possible 
method c* reducing refractory phenol and PNA  
leve ls in effluent wastew ater streams.

PROGRESS AND RESULTS

Screening tests were conducted on the ability  
of several lignite coals to remove polynuclear 
arom atic hydrocarbons (PAH). With flow  rates  
of 1 . 2  m l/m in of 1.16-ppm phenanthrene solution  
and 6 m l/m in o f 3-ppm naphthalene solution  
passing through a 1 -cm -diam eter column contain
ing 50 ml of lig n ite , the breakthrough tim es  
were 170 and 48 hours, respectively. These 
loadings are approximately 0.5 to 2 .0  m g/g and, 
although activated charcoal has a capacity that 
is 30 to  50 times higher, the cost of lign ite and 
the ability to burn or recycle the coal to  a coal 
conversion facility  may make the coal sorbent an 
attractive alternative.

Work has continued on the treatm ent of 
phenolic wastew ater from the ORNL hydrocarbon
ization experim ent using the TFBB. Operating 
with a feed  having a  phenol concentration rang
ing from 30 to 60 ppm (achieved through the  
dilute feed  mode or effluent-recycle mode of 
operation) and feed  rates of from 400 to 700 
m l/m in, th e TFBB has achieved phenol reductions 
of approximately 99.9  percent. This corresponds 
to phenol degradation rates of 7 to 10 kg of 
phenol per day per cubic meter of reactor 
volume. During these tests, some buildup of  
biomass did occur, so that approximately 16 to  
2 0  percent of the bed needed to be removed and 
replaced each  day. Screening tests with refrac
tory xylenols known to  be present in coal conver
sion wastewaters indicate that biological degrada
tion occurs at a  reduced rate compared with  
phenol degradation, which explains the residual 
contaminant levels.

Ozonation was used to degrade both residual 
phenols and PAHs from wastewaters obtained  
from the ORNL hydrocarbonization experim ent 
and from a  coal tar chemical plant. Both of 
these w aters had previously undergone biological 
treatm ent. Approximately 99 percent of the
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residual phenol and 22 to 97 percent o l the 
remaining PAHs were degraded. Ozone dosages 
o f  0 .0 1 to  0.14 kg of ozone per 1 0  ̂ liters (0.08  
to  1.40 lb of ozone per 1 0  ̂ gal) w ere used, 
although only some 10  percent of the ozone was 
dissolved and thus available for reaction.

Several samples of char produced from the 
hydrocarbonization of Wyodak subbituminous coal 
a t a tem perature of 560°C and a pressure in the  
range of 1800 to 2070 kPa (260 to 300 psig) for 
30 minutes have been tested for their ability to  
remove phenolics from aqueous stream s. This 
char is 80 percent carbon and 12  percent ash. 
In a 50-m l column with flow rates of 6  ml/min 
containing 200  ppm phenol, breakthrough tim es 
for the phenol occurred in less than 10  m inutes, 
as compared with 50 hours observed when a cti
vated charcoal was used.

PLANS FOR NEXT PERIOD

Investigations of various treatm ent processes 
for coal conversion wastewater will continue. 
Screening tests on the acceptability o f wet oxi
dation to degrade refractory phenols and PAH 
w ill be com pleted. An integrated wastewater 
system  including biological treatm ent, ozonation, 
and other advanced processes will be tested  on a 
variety o f  coal effluent streams (Figure 16). 
For those treatm ent technologies that look prom
ising, both toxicity and mutagenic screening tests  
w ill be performed to determine the actu al hazard 
leve l of both untreated and treated stream s.

Not*: Individual unit procMttt may not ad be rwouiry lor w*crfc application*

Figure 16. Conceptual Flowsheet ft*  Integrated  
Treatm ent of Aqueous Wastes From Coal 

Conversion

3.A. Klein and D.D. L e e , "Biological Treat
ment of Aqueous Wastes from  Coal Conversion 
Processes," Symposium on Biotechnology in 
Energy Production and Conservation, May 10-12, 
1978, at Gatlinburg, Tenn.

3.A. Klein and R.E. Barker, "Assessment of 
Environmental Control Technology for Coal Con
version Aqueous W astes," ORNL/TM -6263, Oak 
Ridge National Laboratory, July 1978.

J.A. Klein, "Environmental Control Technology 
Liquids," Symposium on P otential Health and 
Environmental E ffec ts  of Synthetic Fossil Fuels 
Technologies, September 2 5 -2 8 , 1978, at Gatlin
burg, Tenn.

PROJECTED MILESTONES

•  December 1978 — Completion of
screening tests  on th e suitability of wet 
oxidation to  degrade refractory organics

•  June 1979 — Combination of promising 
cleanup technologies into an integrated 
wastew ater treatm ent facility and 
treatm ent of actual coal conversion 
wastewater

•  Publication of topical reports and open 
literature publications as appropriate

REPORTS PUBLISHED

COAL CONVERSION -  HYDROCARBON AND 
CARBON MONOXIDE EFFLUENT CONTROL

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge N ational Laboratory 
W -7405-ENG-26

PRINCIPAL INVESTIGATORS

C.H. Brown, Jr.
J.A. Klein

OBJECTIVE

The objective o f this investigation is to  
determine the feasib ility  of using catalytic incin
eration and coa l-fired  incineration as methods of 
controlling hydrocarbons (H C s) and carbon mon
oxide (CO) em issions from coal conversion pro
cesses. Coal conversion processes will succeed in 
providing substitutes for natural gas and petro
leum only if they can do so in  an environmental
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ly acceptable r. anner. All a w l  conversion pro
cesses w ill release waste gas stream s to  th e  
environment that will need to  be treated  to  
control re leases of HCs and CO.

APPROACH

The follow ing tasks are included as part of 
this project: Questionnaires have been sent to
m anufacturers o f catalysts and ca ta ly tic  incinera
tion system s to  determine the availability of  
recommended catalysts for ta ll-gas cleanup  
service. A lso requested were recom m ended  
operating conditions for testing the cata lysts. A 
flowsheet has been developed that integrates a  
catalytic reactor and the tail gas from an e x is t-  
ing coal carbonization experim ent. The design , 
fabrication, and installation o f all necessary  
experimental equipment to test the various ca ta 
lysts has been initiated. Arrangements for a  
subcontract to  determine the feasib ility  o f using 
coal-fired incineration to remove HCs and CO 
from tail g a s have been initiated. This sub
contract w ill be let to a  comm ercial manufac
turer of sm all-sca le  incinerators and/or boilers.

PROGRESS AND RESULTS

Several cata lyst manufacturers have responded 
to  the questionnaires and have recom m ended  
several ca ta ly sts for this service along w ith  
appropriate operating conditions far these ca ta 
lysts. All o f  the catalysts recommended have 
been previously used for the oxidation o f HCs 
and CO in applications other than coal conversion  
plant tail gas streams. Areas o f anticipated  
concern are

•  The e f fe c t  o f tars and entrained partic
u la tes on catalyst activ ity ,

•  The e f fe c t  o f halogens, trace m eta ls , 
e t c . ,  on catalyst activ ity ,

•  Any production of SO3  from sulfur 
compounds such as COS, H2 S, and 
m er cap  tans, and

•  Required operating conditions com pat
ib le w ith gaseous waste stream s from  
coal conversion plants.

A flow sheet for incorporating a  small cata
ly tic  reactor to  treat the tail gas from an ex ist
ing coal carbonization experiment has been devel
oped (Figure 17) and some parts of the system  
have been fabricated  and installed (Figure 18).

saTuMToo sbmwct r a wmacim corns*

Figure 17. Schematic F low sh eet o f Catalytic 
Incineration Test Unit for Treatm ent of Carbon 
Monoxide and Hydrocarbons in C oal Conversion 

Tail Gas

Figure 18. C atalytic Incineration Test Unit for 
Treatment o f  Carbon Monoxide and Hydrocarbons 
in Coal Conversion Tail Gas (D uring Installation)
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Installation of the ca ta ly tic  reactor system  
will be com pleted. A m atrix of screening tests 
will b e  performed to test each catalyst by vary
ing th e appropriate parameters such as tempera
tu re, sp ace velocity, and oxygen concentration.

REPORTS PUBLISHED

3 .F . Fisher and G.R. Peterson, "Control of 
Hydrocarbons and Carbon Monoxide in the Tail 
Gases from Coal G asification F acilities,"  ORNL/ 
T M -6229, Oak Ridge National Laboratory, Sep
tem ber 1978.

PROJECTED MILESTONES

•  October 31, 1978 — Experimental
system  ready for shakedown testing

•  Experimentation with catalysts will 
commence shortly thereafter and will 
continue throughout FY 1979

PLANS FOR NEXT PERIOD

ENVIRONMENTAL ASSESSMENT FOR 
GASIF1ERS M  INDUSTRY

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory 
W -7405-ENG -26

PRINCIPAL INVESTIGATORS

M .R. Guerin 
J.A . Klein

OBJECTIVES

The objectives of this program are to obtain 
p rocess, environmental, and occupational health 
data from  the low-Btu gasifier installation at the 
U niversity of Miimesota-Duluth (Figures 19 and 
20). This information will permit judgments to 
be m ade of the environmental acceptability of 
this process in addition to its technical and 
econom ic suitability.

APPROACH

This gasifier project is expected to operate 
for a  period of 3 years in an uninterrupted mode 
and may use different types of coal. S tate-of- 
th e -a r t  methods will be emphasized in monitoring 
and te stin g , and the interests and needs of other 
G overnm ent agencies, such as EPA and the 
N ational Institute for Occupational Safety and

Figure 19. University o f  Minnesota-Duluth 
Heating Plant and Coal Gasifier

H ealth  (NIOSH) w ill be integrated in to  th e  
program .

The principal com ponents of the m onitoring  
and testing plan involve online studies, in -p la n t  
s tu d ie s , and local areas studies to be in tegrated  
through multidisciplinary assessm ents. This pro
p osa l includes the requirem ents for online an aly
s is  and data collection  through the use o f  co m 
p u ter data monitoring and autom atic gas stream  
a n a ly sis , as well as sam ple collection, prepara
t io n , characterization, and servicing of sam pling  
equipm ent. These requirem ents relate to  th e  
characterization of p rocess streams, e f f lu e n ts ,  
and th e working environm ent and to data c o l le c 
tion  for determining th e  effic ien cy , re lia b ility , 
and maintenance requirem ents of environm ental 
co n tro l equipment and assessing the adequacy o f  
h ea lth  and safety con tro ls incorporated in to  th e  
p ro cess  stream.

PROGRESS AND RESULTS

Sample ports have been located, d esign ed , 
and installed at the U niversity  of Minnesota ga si
f ie r ,  as shown in F igure 21. Online an alysis  
equipm ent, including a  process gas chrom ato
grap h , SOx and NOx m onitors, and sam ple con 
d itioning systems for th e  analyzers have b een  
purchased. A com puter has been purchased for  
d a ta  logging and m anipulation, including a  v id eo  
disp lay system for graphic data representation  
and magnetic tape drives for copying data  f ile s  
for  distribution.

Subcontracts have been negotiated w ith  th e  
U niversity  of Minnesota for the installation o f  
se rv ic es  to the process monitors and data acq u i-

29



Figure 21. Sampling Ports for Environmental and 
Health Monitoring and Testing Plan

Figure 20. U niversity  of Minnesota-Duluth Coal 
Gasifier and Environmental Control System s

sition equipm ent, and a team o f university 
em ployees has b een  assembled for process and 
effluent m onitoring and sampling activ ities. 
Similarly, orders w ere placed for four specially  
designed sampling trains to be used in process 
and effluent sam pling. Specifications for capital 
equipment in addition to that listed above ( i .e .,  
in-plant and personnel monitoring) were also 
ordered, again em ploying a com petitive bidding 
process.

PLANS FOR NEXT PERIOD

An extensive sampling and analysis procedure 
described in th e proposed Environmental and 
Health Program for the University o f Minnesota 
G asification F a c ility  will be implemented.

Computer-monitored data, such as tem peratures, 
pressures, flow ra tes , and gas stream  composi
tions will be analyzed onsite for overall process 
characterization. In addition, som e 1000 samples 
w ill be acquired by ORNL-supervised personnel. 
Results of the analysis of these sam p les, the 
online and in-plant monitoring d ata , and day-to- 
day operational experience will be used to  assess 
th e  efficiency o f the cyclone and elec trosta tic  
precipitator cleanup devices and th e  n eed , if 
an y , to improve health and safety  con tro ls incor
porated into the system  to m inim ize fugitive 
emissions and other modes of operator exposures.

REPORTS PUBISHED

K.E. Cowser, ed ., "Proposed Environmental 
and Health Program for University o f  Minnesota 
Gasification F a c ility ,” Oak Ridge National 
Laboratory, January 23 , 1978.
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PROJECTED MILESTONES PROGRESS AND RESULTS

•  November 1978 —  Startup of University
o l  M innesota-Duluth gasifier

•  December 1978 —  Full capability for 
sample acquisition for the ORNL pro
gram at Duluth

ASSESSMENT OF ENVIRONMENTAL CONTROL 
TECHNOLOGY FO R  SELECTED 

FIRST-GENERATION COAL GASIFIERS

ORGANIZATION AND CONTRACT NUMBER

P acific  Northwest Laboratory
E Y -76-C -06-1830

PRINCIPAL INVESTIGATORS

L.K. Mudge
L.J. Sealock

OBJECTIVES

The objectives of th e study are (1) to deter
mine if environmental con tro l technologies in 
com m ercial use with K oppers-Totzek and Winkler 
gasifiers are adequate re la tiv e  to emission stan
dards; ( 2 ) to identify areas where improved 
control technologies are needed; and (3) to  rank 
research and development programs in term s o f  
their potential benefits. E fforts for FY 1978 are 
directed toward revision o f  the ctaft report to  
include discussion about th e applicability of 
control technologies to  th e Texaco and pressur
ized Koppers-Totzek p rocesses.

APPROACH

Suppliers of K oppers-Totzek and Winkler 
gasifiers were contacted to  obtain mass and 
energy balances on com m ercial operations that 
employ these gasifiers. It was learned that the 
requested data were not available, and that 
operating plants in foreign  countries were reluc
tant to  cooperate in gathering the data. There
fore , information from th e literature was used to  
make the assessment. Uniform  standards sp ecific  
to coal gasification plants have not been estab
lished, so standards in re la ted  industries, coke  
m anufacture, and petroleum  refineries were used 
in assessing the perform ance o f commercial con
trol technologies.

In August 1978, work was resumed on revision  
of the draft report prepared in FY 1977. R ev i
sions include discussions o f the Texaco and p res
surized Koppers-Totzek gasifiers and the applica
bility o f  com m ercial control technologies to  th ese  
gasifiers.

PLANS FOR NEXT PERIOD

The program will be com pleted in FY 1978. 

REPORTS PUBLISHED 

None

PROJECTED MILESTONES

•  September 1978 — Final draft report

ASSESSMENT OF UNDERGROUND COAL 
GASIFICATION ON GROUNDWATER QUALITY

ORGANIZATION AND CONTRACT NUMBER

Laram ie Energy Technology Center

PRINCIPAL INVESTIGATOR

J.E. Virgona

OBJECTIVE

The .objective of this project is to d eterm ine  
the necessary environmental control technology  
required to  mitigate the im pacts of underground 
coal gasification  on groundwater quality.

APPROACH

The work will consist o f collection and anal
yses o f pre- and post-operational water sam ples  
to quantify changes in groundwater quality as a  
result o f  underground coal gasification. T h ese  
data w ill be compared with proposed and ex iste n t  
standards for groundwater quality to first d eter
mine whether a ne-d ex ists for control tech n ol
ogy to  m itigate impacts of the technology. In 
addition, th e data will be input to ex istin g  
hydrologic models to estim ate the lon g-term  
impacts under different hydrologic conditions th a t  
exist at th e  Laramie Energy Technology C enter's  
field  s ite  in Hanna, Wyoming. The e f fe c ts  o f  
coal sorption of organic and inorganic con stitu 
ents in the groundwater migrating from th e
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gasification zone a fter  test completion will also 
be determined.

PROGRESS AND RESULTS

The well pattern from the Hanna III te s t  was 
drilled and com pleted  early in FY 1977. Twelve 
monitoring w ells w ere placed within and down
stream  from the gasification test area. Pre- 
operational characterization of both the Hanna I 
coal seam (a  w ater-saturated system ) and an 
aquifer located 15 f e e t  above the coal seam was 
com pleted including pump tests, interference 
te s t s ,  and recovery monitoring during March and 
April 1977. Preoperational collection and analy
ses to establish background water quality were 
com pleted in May and June 1977.. Both the 
characterization and analyses showed the two 
water-bearing zon es to be isolated from each 
other before the Hanna III test. Analyses of 
water samples co llec te d  from the two aquifers 
showed significant differences in water quality. 
The water in the overlying aquifer showed con
siderably higher to ta l dissolved solids levels and, 
sp ecifica lly , higher concentrations of sodium, 
bicarbonate, and su lfa te . The compositions of 
the groundwaters w ere such that they produced a 
high sodium absorption ratio, which rendered 
them  unacceptable for irrigation purposes. There 
appeared to be no water quality problems asso
ciated  with heavy m eta l concentrations.

The Hanna III underground coal gasification  
test was conducted from  June 6 through July 29,
1977, with approxim ately 2850 tons of coal gasi
f ie d , leaving a  void volume of approximately 
6 6 ,000  cubic f e e t .  During the linkage and 
gasification phases, data were collected  on the 
tem perature, hydrostatic pressure, and electrical 
conductivity of th e groundwater in the monitoring 
w ells. The tem perature and pressure data will 
yield  information on the water levels and tem
perature changes as a  function of tim e and pro
cess  parameters. The electrical conductivity 
data will indicate change in loading ‘ levels and 
rate of dispersion o f  soluble materials away from 
the gasified area. The temperature and conduc
tiv ity  data will indicate whether gases reached 
any of the m onitoring wells during the gasifica
tion phase.

Approximately one year after the completion  
o f the gasification  phase, sufficient water had 
m igrated back into the gasification zone to  per
m it continuation o f  the groundwater monitoring 
program. This program will continue until appar
en t equilibrium conditions have been reached.

During FY 1979, the monthly sam ple collec
tion  and analysis program will continue to  quan
t ify  changes in groundwater quality in both 
water-bearing zones as leached m aterials move 
downstream away from the gasified area. Deter
m ination of needed control technology and 
recommendations for sp ecific  control approaches 
will also be available.

REPORTS PUBLISHED

R. Michael Boyd, Harold L. Hutchinson, and 
Dennis D. Fischer, "Hydrologic Characterization  
for Hanna III," Proceedings of the Third Annual 
Undergound Coal G asification Symposium, Fallen 
L eaf Lake, California, June 6 -9 , 1977, in press.

T.C. Bartke, L. D ockter, T.E. S terner, 3.E, 
Virgona, and L.F. Wojdac, "Status Report on the 
Hanna III and Hanna IV Underground Coal 
G asification Experiments," Proceedings o f the 
Fourth Annual Underground Coal G asification  
Symposium, Steamboat Springs, C olorado, July 
1 7 -2 0 , 1978.

PROJECTED MILESTONES

•  October 1978 — Interim report on
project status

•  December 1979 — Completion of post
test sampling and analyses

•  Quarterly — Interim reports on project 
status

•  June 1980 — Final report on project 
results

PLANS FOR NEXT PERIOD

TREATMENT OF COAL CONVERSION 
WASTEVATERS

ORGANIZATION AND CONTRACT NUMBER

Pittsburgh Energy Technology C enter  
00238

PRINCIPAL INVESTIGATOR 

W. P. Haynes
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OBJECTIVES

The program objectives are to characterize 
coal conversion process w astew aters, evaluate 
the concentrations of e ff lu e n t contaminants in 
relation to established standards, and develop and 
demonstrate the treatm ent m ethods capable of 
meeting such legally estab lish ed  or proposed 
regulations. It is important that the control 
technology for treating the highly contaminated 
wastewaters from coal conversion processes be 
available when coal conversion processes are 
commercialized.

APPROACH

Coal liquefaction and gasification waste
waters will be characterized to  evaluate the con
taminated effluent concentrations for various pro
cesses. Existirg or proposed standards and 
regulations will be reviewed for comparison.

PROGRESS AND RESULTS

Characterization of co a l liquefaction and 
coal gasification wastewaters was and is being 
conducted for effluents from various coal conver
sion processes. Investigations o f  the treatability  
of byproduct waters were m ade using various bio
logical and physicochemical p rocesses, and char 
sorption studies were continued. Characterization 
of coal conversion w astew aters was performed 
both before and after trea tm en t, including analy
ses for total organic carbon , chem ical oxygen 
demand, biochemical oxygen demand, phenols 
cyanogens, chlorine, total d issolved  solids, o ils , 
grease and tars, sulfur, su lf id e , and ammonia 
concentrations. Heavy m etal and trace organic 
component characterization o f  the treated and 
untreated wastewaters was a lso  conducted. An 
attempt was made to correlate component efflu 
ent production with various param eters of gasifi
cation.

Biologically treated co a i conversion waste
waters still contain about 10 to  15 percent of the 
total organic carbon (TOC) initially present. 
Adsorption of these waters w ith  carbon (such as 
gasifier char) provides a co lo r less  effluent with 
very low concentrations o f organic compounds. 
Evaluation of various p o lyelectro lytes as coagula
ting and flocculating agents for the removal of 
TOC from wastewaters showed them  to be gener
ally less e ffec tiv e  than pH adjustm ent to 2.5 to 
4 with sulfuric acid.

Preliminary characterization  of scrubber 
water from the 400-pound-per-day coal liquefac
tion support unit at the P ittsburgh Energy Tech
nology Center indicates that concentrations of 
contaminates are much lower than those typically

found in fiuidized-bed coal gasification con
densates, e x c e p t  for sulfur compounds. The 
values o f  both TOC and phenolic compounds in  
the liquefaction  scrubber water were only about
10  percent o f  the typical values in gasification  
condensates; th e total sulfur concentration w as 
about 20  t im e s  greater than that of the gasifica
tion condensates. Initial biochem ical k inetic  
studies w ith this coal liquefaction w astew ater  
indicate that 90 percent of the TOC and m ore 
than 99 p ercen t of the phenolic compounds are  
removed; th ese  removals are similar to those  
obtained w ith coal gasification w astew aters, as  
are the behavior of the micro-organisms and th e  
system stab ility .

A b iostosis facility capable of storing  
approximately 4000 gallons of process water was 
procured and installed. The m etal-clad  building 
will allow refrigerated storage o f process w aters 
with minimal or no chemical or biological degra
dation. An integrated wastewater treatm ent unit 
(Figure 22) was designed and constructed to  
determine th e  most effective treatm ent of coa l 
conversion w astew aters.

Figure 22. Integrated Wastewater Treatm ent 
Unit Showing Panel Board, A cid ification , 

F loccu lation , and Clarification Units

PLANS FOR NEXT PERIOD

Plans for  FY 1979 include research in several 
areas: Coal conversion wastewaters from various 
process developm ent and p ilot-scale facilities w ill 
be analyzed to  determine their physical and 
chemical characteristics. Process w astew aters 
from coal liquefaction processes will be studied 
to develop a  kinetic model of the biochem ical
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oxidation o f the contaminants present in these 
w aters. This kinetic model will be compared 
with that developed for biochem ical oxidation of 
coal gasification  process wastewaters.

REPORTS PUBLISHED

R . N eufeld , C. Drummond, and G. Johnson, 
"Biokinetics o f Activated Sludge Treatment of 
SYNTHANE Fluidized Bed G asification Waste
w aters, "Proceedings of the 175th National ACS 
M eeting. Vol. 23, No. 2 , p. 175, Anaheim, Cal., 
March 12-17 , 1978.

G.E. Johnson, R. Neufeld, C. Drummond, 3. 
Strakey, and W. Haynes, "Treatability Studies of 
Condensate from SYNTHANE Gasification,"  
PERC RI—77/13, December 1977.

PROJECTED MILESTONES

None

IMPROVED WATER MANAGEMENT OF COAL 
CONVERSION PROCESSES

ORGANIZATION AND CONTRACT NUMBER

Arthur G. McKee & Company
E E -77-C -02-M 75

PRINCIPAL INVESTIGATOR

W.A. Parsons 

OBJECTIVE

The objective of this study is the evaluation 
o f the technical and econom ic feasibility of 
controlled tw o-stage quenching of process gases 
as a means o f  enabling improved water manage
ment o f coal conversion processes. The first- 
stage quench collects strong electro lytes in a 
low -volum e aqueous purge from the main gas 
flow . Subsequent gas condensates are amenable 
to steam  stripping of volatile weak electrolytes 
and biooxidation of organic contaminants to yield 
water su itable for reuse.

APPROACH

The study compares the technical and eco
nom ic practicality  of tw o-stage quenching with 
sin g le -sta g e  quenching for a fixed-bed  gasifier 
plant. The scope of the study includes air-blown

and oxygen-blown gasification o f a high-halide  
ea s te rn  coal and a low -halide western coal.

T he volume of condensate co llected  in the 
f ir s t - s ta g e  quench is varied to assess the e f f e c t  
on e lec tro ly te  capture e ffic ien cy . Engineering 
c o n c e p ts  have been prepared for the tw o -sta g e  
q uench  system , for m ethods of treatm ent atd  
disposal o f condensates containing strong e lec tr o 
ly t e s ,  and for the treatm ent and reuse of low - 
e le c tr o ly te  condensates from secon d-stage  
quenching. Cost estim ates have been prepared to 
en ab le  comparison of the practicality  of the 
a lte r n a tiv e  systems.

PROGRESS AND RESULTS

Engineering concepts for s in g le-stage and 
t w o -s ta g e  quenching o f producer gas have been  
d evelop ed . Variable volume decanters are 
em p loyed  for first-stage quenching to  enable the 
incorporation of a constant flow purge from the 
p rocess.

T h e results of thermodynamic an alyses, as 
illu stra ted  in Figure 23 , indicated that strong  
e le c tr o ly te s  are absorbed to a high degree by a 
prim ary quench sufficient to  condense 5 percent 
o f  th e  total gas m oisture. Weak e lec tro ly tes  
such a s  ammonia are indicated to be partially  
rem oved . Thiocyanate was indicated to be a 
lim ita tio n  of the concept inasmuch as it is a 
strong electrolyte that forms to som e ex ten t  
a fte r  th e  primary quench; it is converted to  
su lfa te  in biological wastew ater treatm ent pro
c e s s e s .  Engineering concepts have also been  
d evelop ed  for wastewater treatm ent and disposal 
a ltern a tiv es.

C o st estimates have been prepared for gas 
train  components associated with s in g le -stage  and 
tw o -s ta g e  quenching and for w astewater treating  
a ltern a tiv es . The results, comparing the co sts  of 
s in g le -s ta g e  and tw o-stage quenching, are being  
com p iled  into the final report.

PLANS FOR NEXT PERIOD

T h e final report will be com pleted and sub
m itted  by November 30 , 1978.

REPORTS PUBLISHED

N one

PROJECTED MILESTONES

•  November 30, 1978 — Final report
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PERCENT OF GAS MOISTURE CONDENSED

Figure 23. Effect of P ercent Moisture 
Condensation During Quenching on Percent 

Absorption of Strong and Weak Electrolytes From 
Retort Gases.

CONTROL OF EMISSIONS FROM GASIFIERS 
USNG COAL WITH A CHEMICALLY BOUND 

SULFUR SCAVENGER

ORGANIZATION AND CONTRACT NUMBER

Battelle Columbus Laboratories 
W -7405-ENG-92

PRINCIPAL INVESTIGATORS

H.F. Feldmann
D.M. Jenkins
B.C. Kim

OBJECTIVES

The objectives of this study are to evaluate 
the environmental and econom ic advantages of 
using coal treated by a proprietary process devel
oped by Battelle as an environm entally accept
able feedstock for com m ercially available gasifi
cation system s. The B attelle  process involves 
chem ically incorporating CA++ ions into the coal 
structure by contacting the co a l with a CaO

slurry in an autoclave a t  a moderate tem perature 
and pressure. The use o f Battelle Treated C oal 
(BTC) as a gasification  feedstock is intended to  
capture sulfur in th e fee d  coal with the ch em i
cally  incorporated ca lc iu m  to produce a lo w -  
sulfur fuel gas.

APPROACH

The energy m arket of primary interest to  
BTC application is th e  industrial market. A base  
ca se  has been se le c te d  for econom.** comparisons 
for a "typical" industria l user. It is assum ed  
that this user is currently using natural gas  
which will be cu rta iled . The economical evalua
tion will show which o f  the following alternatives 
available to industrial users of natural gas are  
m ost feasible: ( 1 ) co a l-f ir ed  boiler with partic
u late removal and f lu e  gas desulfurization; ( 2 ) 
coa l gasifier and g a s-fir e d  boiler with particulate 
removal and f lu e -g a s  desulfurization; (3) coa l 
gasifier with hydrogen sulfide and particulate  
removal and gas-fired  boiler; and (4) coal gasi
fier  using BTC w ith  particulate removal and 
gas-fired boiler.

The technical and environmental evaluation o f  
BTC utilization w ill b e carried out through a  
laboratory-scale exp erim en tal program designed  
to compare the perform ance of BTC and un
treated coal with r e sp ec t to ( 1 ) the sulfur con
ten t of the product gas and ( 2 ) the environmen
ta l effect of sulfur captured  in the ash.

PROGRESS AND RESULTS

Fixed-bed gasifica tion  studies on Illinois N o. 6  
coal have been com p leted . Results of the g a sifi
cation studies have shown that the treated coa l 
can capture a sign ifican t portion of the sulfur 
present in the feed  co a l to produce a low-sulfur 
product gas. Perform ance of a treated coa l 
relative to raw coa l is shown in Figure 24 in 
term s of the levels o f  H2 S and SO2 produced in 
th e product gas during fixed-bed gasification  
experiments. The sulfur content of the product 
gas in the fixed-bed gasification  studies has been  
reduced to a target le v e l corresponding to  15 
percent of the sulfur originally present in th e  
gasifier feed coal.

PLANS FOR NEXT PERIOD

This program w ill b e completed in FY 1979. 
The planned a c tiv itie s  include preparation o f  
BTCs under various trea tm en t conditions and lab - 
oratory-scale gasification  studies to evaluate BTC 
in a fluidized-bed g a sif ie r  and an entrained-bed 
gasifier operation. T hus, the technical e ffo r t
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Figure 20. H2 S/SO 2  Levels in Product Gases 
From Experim ental Fixed-Bed Gasification of 

Illinois No. 6 Coal

will be d irected to demonstrate the usefulness of 
BTC for wide industrial applications.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  March 1979 — Completion of fluidized-
bed and entrained-bed gasification
studies

•  April 1979 - -  Final report

ANALYSIS AND TESTING OF CHEMICAL 
RECOVERY FROM COAL CONVERSION 

PLANT WASTEWATER STREAMS

ORGANIZATION AND CONTRACT NUMBER

Concentration Specialists, Inc. 
E P -78-C -O 2-W 3.A 000

PRINCIPAL INVESTIGATOR

J.A. Heist

OBJECTIVES

The ob jectives of this study are to determine 
the techn ica l, environmental, and econom ic 
feasibility o f applying advanced concentration

processes, specifically reverse osm osis and freeze 
con centration , to the reu se /recycle  of coal con
version plant wastewaters as an alternative to 
conventional disposal waste treatm en t. For the 
Phase I an alysis, emphasis is p laced on promising 
process options for recovery of byproduct 
chem icals or concentration o f  the wastes for re
cycle to  the converter. Phase II will demon
strate the effectiveness of th e concentration pro
cesses and confirm preliminary economics by 
field testin g  pilot-plant-size equipm ent on actual 
w astew ater streams from coal conversion demon
stration plants.

APPROACH

Most coal conversion processes produce a hot 
product stream  containing w ater vapor and 
volatile organics. When this stream  is cooled, 
the w ater and other con stituents produce an 
organic-rich wastewater containing high levels of 
phenols and cresols and a w ide variety of other 
chem icals. In addition to this process con
densate, other waste stream s with potentially
recoverable quantities of ch em ica ls from coal 
pile storage leachate and ru n off, gasifier ash 
quench w aters, and gas purification  operations 
will be considered. C oncentration and recycle 
may be implemented in coal conversion plants in 
three ways:

•  Concentration of the organics into a
general organic phase for recovery of
fuel value,

•  Removal of a water bleed stream with 
reinjection of the organic-rich  concen
tra te  back into th e conversion train, 
and

•  Recovery of sp ec ific  chem icals either
by direct fractionation in the concen
tration device or by concentration to
th e  point that conventional purification 
techniques become econom ical. The 
focu s of this study w ill be to determine
th e  technical and econom ic feasibility
o f  chemical recovery by reverse 
osm osis and freeze  concentration pro
cessing.

R everse osmosis, in addition to its ability to 
concentrate on organic-rich w astew ater, has the 
capability to  fractionate th e mixture into
streams containing predominantly only one
chem ical or type of chemical by means of appro
priate membrane and pH operating range selec
tion.
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Freezing system s take advantage of the 
phenomenon that, when one component in a solu
tion crystallizes (fr e e z e s ), the crystal is pure. 
A continuous fre eze  system  must then segregate 
the individual ice  crystals from the bulk of the 
solution and rem ove the remaining solution from 
the crystal surfaces. Solution concentrations of 
15 to 20 percent of ionized salts and over 30 
percent of un-ionized chemicals are feasib le  with 
freeze  systems now in commercial developm ent.

PROGRESS AND RESULTS

The study was in a preliminary stage  in FY
1978. To determ ine the econom ic byproduct 
recovery incentive and to be able to evaluate the 
technical factors that will affect potential re
covery processes, it  is necessary to identify  and 
develop background information on coal conver
sion process w aste streams. The primary infor
mation required is the chemical com position and 
flow  rates of the w aste streams generated by the 
conversion processes.

Several coal gasification and liquefaction  
processes were se lected  for study, primarily on 
the basis of their near-term approach to com
m ercialization. The information data base under 
development on these processes includes coal 
conversion process literature, DOE and EPA re
ports, contractor reports, symposium pro
ceedings, personal communications, and labora
tory characterization, when appropriate. Lack of 
predictive data relating to multicomponent 
freezing processes has necessitated a series of 
laboratory freezing experiments on simulated 
w astes (Figure 25).

PLANS FOR NEXT PERIOD

Following com pletion of a chart o f chemical 
concentrations in the various waste stream s and 
the flow rates o f those streams, th e economic 
chem ical recovery incentive will be quantified. 
Selection of byproduct recovery separation pro
cesses will then be m ade, including th e develop
m ent of process flow sheets. Byproduct recovery 
econom ics will be compared to the baseline case 
o f conventional disposal waste treatm ent. A 
recommendation for Phase II field testin g  of the 
m ost attractive concentration alternatives will be 
made.

REPORTS PUBLISHED

None

Figure 25. Laboratory Batch Freeze 
Concentration Apparatus Screens Synthetic 
Coal Gasification Gas Liquor for Potential 

Byproduct Recovery

PROJECTED MILESTONES

•  February 1979 — Phase I interim
report

EVALUATION OF SOLID VASTE FROM 
SYNFUELS

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory 
W -7405-ENG-26

PRINCIPAL INVESTIGATOR

C.W. Gehrs
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OBJECTIVES

The objectives of this study are to

•  Identify procedures to attenuate the re
lease to surface water or groundwater 
of the hazard components of fossil 
energy w astes,

•  Define the environmental chemistry 
that exerts the strongest control on the 
mobility of the hazardous components 
following disposal and speciation, and

•  Evaluate the possibilities of using sur
face land disposal of such wastes as an 
alternate and/or emergency waste 
management practice.

APPROACH

The objectives will be accomplished by 
determining the removal rates of trace contami
nants from mildly oxidizing conditions typical of 
many inland shallow stream s to highly reducing 
conditions typical of waterlogged soils and many 
sanitary landfills. Loss to the aqueous 
phase wilJ be attenuated by supplementing the 
w aste with various amounts and types of geologic 
m edia including lim estones, sandstones, and 
sh a les , as well as surface and subsurface soils 
varying in clay content, mineral composition, 
and pH.

PROGRESS AND RESULTS

Three solid w astes from different coal utili
zation  processes were subjected to the Resource 
Conservation and Recovery Act chemical and 
biological protocols to determ ine if they would 
be classified as hazardous or nonhazardous. The 
ex tra cts , prepared by the EPA-dictated Toxicant 
Extraction Procedure, were found to be non
hazardous in the environmental and biological 
assay systems. Chemical analysis revealed no 
contaminants present at levels identified as 
hazardous, although the extraction procedure was 
not considered suitable for use with organic con
taminants.

PLANS FOR NEXT PERIOD

The purpose of this research is to define the 
biogeochemical conditions in surface or geologic

disposal sites for residual coal conversion  wastes 
that ftab ilize and contain the hazardous compo
nents of these w astes. The in itia l f>hase of 
research during FY 1979 will include (1) 
screening several w astes of high priority in DOE's 
energy technology programs for ta rg e t elem ents, 
( 2 ) calculating approximate mass balances for 
high-priority conversion processes w ith  the intent 
of defining »v=»ste streams in which target 
elements are exp ected  to con cen trate , and (3) 
initiating controlled environmental ex traction  of 
residual coal utilization wastes using a stirred 
reactor. Target elem ents are d efined  as those 
indicated to be tox ic  in one or m ore chemical 
forms that could ex ist or form under disposal 
conditions, are present at significant concentra
tions in a given w aste stream, and are poten
tially mobile under disposal conditions.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  Completion of controlled environm ental 
extraction  on noted se le c te d  residual 
coal u tilization  wastes by

D ecem ber 1, 1979 — pH = 5 , Eh 
= WO, 200, OMv
February 1, 1980 - -  pH = 7 , Eh 
= 40 0 , 200, OMv
April 1, 1980 — pH = 9 , Eh = 
400, 200 , OMv

•  Decem ber 15, 1979 - -  Beginning of
waste attenuation studies using selected  
soils and w astes in a stirred reactor

•  January 15, 1980 — Colum n experi
ments underway

•  September 1, 1980 — C om pletion  of
waste attenuation studies

•  September 15, 1980 — C om pletion  of
column experiments

•  March 1, 1981 — Com pletion o f data
reduction and analysis

•  April 1, 1981 - -  Preparation o f  manu
script
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ASSESSMENT OF ENVIRONMENTAL CONTROL 
TECHNOLOGY FOR FOUR DRY ASH LURGI 

GAS1FIERS

ORGANIZATION AND CONTRACT NUMBER

Engineering Experiment Station 
University of North Dakota 
E Y -S-76-02-0035.A 001

PRINCIPAL INVESTIGATORS

IW.H. Somerville 
J.L. cider
D.N. Baria 
Y.T. Hung

OBJECTIVES

The objectives of this project are to identify

•  And characterize the effluents from
and control methods utilized in four 
(AN G , Natural, El Paso, and WESCO) 
gasification  facilities;

•  The cost o f controlling the projected
effluents;

•  The approach of the different designs
to the controlled effluent limits; and

•  Existing and possible future regulations. 

APPROACH

The primary sources w ete reviewed for 
technical and financial data. These data were
extended through technical analysis to provide 
detailed projections of effluent characteristics 
and effluent control a s t s .  The Environmental 
Protection Agency's gasification effluent charac
terization program was reviewed, as were the 
regulations and work being conducted in North 
Dakota and New Mexico.

PROGRESS AND RESULTS

A final report was issued which delineates (1) 
environmental control options and effluents anti
cipated tiom  each of the gasification system s  
considered, ( 2 ) co sts  of the control options in 
terms of monetary and energy units, (3) environ
mental control design reliability and associated  
design uncertain ties, and ( i t )  existing and 
probable environmental regulations not currently 
in existence.

It was found that the technology ex ists to  
control effluents within existing regulations, 
although New Mexico regulations will be d ifficu lt 
to  m eet. Althot^h all four facilities have the  
sam e ob jective , conversion o f coal to synthetic  
ga s, all are significantly different in design. 
This results in a high degree of variability in 
costs  and effluent control technology utilized. 
Areas identified for environmental control 
technology research, design, and development are 
odor con tro l, trace elem ent compound control, 
developm ent of the multim edia environmental 
goa ls, sludge and solid w aste disposal, and water 
treatm ent and reuse.

PLANS FOR NEXT PERIOD

N one, project term inated.

REPORTS PUBLISHED

"A Comparative Analysis of the Effluents and 
Their Control From Four Dry Ash Lurgi G asifi
cation Plants," C 0 0 -4 0 3 5 -0 1 , Engineering
Experiment Station, March 1977.

M.H. Somerville and J.L. Elder, "A Com
parison o f Trace Element Analyses of North 
Dakota Lignite Laboratory Ash With Lurgi
C asifier Ash and Their U se in Environmental 
A nalyses," U.S. Environmental Protection
A gency, Environmental Symposium III, Miami,
Florida, December 1977.

M.H. Somerville, J.L. Elder, D.N. Baria, and 
Y.T. Hung, "A Comparative Study of Effluents 
and Their Control From Four Dry Ash Lurgi 
G asification Plants," CO O -4033-2 and 
98-07-E E S -01 , Engineering Experiment St tion , 
July 1978.

PROJECTED MILESTONES

Not applicable

SLAGGING F1XED-BED GASIFICATION

ORGANIZATION AND CONTRACT NUMBER

Grand Forks Energy Technology Center 
FE-70M-GFETC

PRINCIPAL INVESTIGATOR

R.C. Ellman
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OBJECTIVES

The objectives of the project are to (1)
characterize the mass production rate and the 
physical and chem ical properties of effluents pro
duced in. a slagging, fixed-bed , 25-ton/day  
gasifier by a variety of test coals and ( 2 )
evaluate effluent processing and treatment
system s to m aximize recovery of byproducts and 
reuse of water with environmentally acceptable 
discharge of wastes.

APPROACH

The Grand Forks Energy Technology Center 
slagging, fixed-bed gdsifier (Figure 26) was

Figure 26. Slagging 25-Ton/Day Fixed-Bed  
Gasifier at Grand Forks Energy 

Technology Center

designed to establish the feasibility o f slagging 
operation of a fixed-bed gasifier and to deter
m ine the operating parameters involved. The 
objectives ''.ere achieved in the period from 1958

to 1965. In 1976, operational capability was 
restored to ch aracterize the production rate and 
characteristics of effluents produced in fixed-bed  
gasification of low-rank coals. The project 
objectives and capabilities of the gasifier were 
significantly expanded in 1977. G asifier modifi
cations to provide for 5- to 7-day operation on 
agglomerating coals as well as low-rank coals, 
and relocation in an enlarged facility  were 
initiated. M odification and relocation of the 
gasifier will begin early in the first quarter of 
FY 1979.

The existing pilot plant was operated in FY 
1978 ori low-rank coals to (1) add to the data 
base on fixed-bed gasification of low-rank coals,
( 2 ) permit developm ent of techniques for collec
ting representative and reproducible samples of 
effluents, and (3 ) provide samples on which to 
develop analytical techniques and procedures for 
characterization o f process effluents.

A typical gasifier test is from 8 to 10 hours 
in duration; a process flow diagram of the pilot 
plant system is shown in Figure 27. Test vari
ables include source and moisture content of 
co a l, oxygen ra te , oxygen-to-steam  ratio, and 
operating pressure of the gasifier. Condensable 
effluents, consisting of water, organics (inclu
ding tars and o il) ,  and other contam inants, are 
removed from the product gas stream in a 
single-stage spray washer in which aqueous liquor 
is recycled. The accumulated liquor is periodi
cally discharged, separated into tar-oil and 
aqueous fractions, sampled, w eighed, and 
analyzed.

-- ten'll* « ’■ im ; 1
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Figure 27. Schem atic of Gasifier Pilot Plant 
Showing Sampling Locations
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Condensable effluents for characterization are 
removed ahead of the spray-wash operation from 
side stream samples of product gas at two loca
tions. In this way, the effect of recycling a 
portion of the liquor does not influence results. 
One sampler is a multistage condenser; the 
second utilizes a first-stage cyclone followed -by 
condensers and a cryogenic trap. Continuous 
efforts are made to improve reproducibility and 
material balances and to facilitate sample collec
tion. The procedures for effluent analyses are 
based on established techniques but are modified 
or adapted to the characteristics of the concen
trated effluents proouced in the slagging process.

Downstream treatment of gas liquors has been 
directed to establishing requirements, concentra
tion levels, and kinetic rate data for biological 
treatment of aqueous fractions. An assessment 
of the capabilities of the facility is underway to 
develop plans and alternatives for evaluating the 
downstream treatments and processing alterna
tives.

PROGRESS AND RESULTS

Tests at a variety of operating conditions 
have been completed on two lignites and selected 
conditions of subbituminous coal. A process 
limitation was established in tests on a third 
lignite. Operation could not be sustained due to 
high moisture content of this lignite (42 
percent).

A technique has been developed to determine 
the variability in generation of the principal 
effluents, tar-oil and moisture, by online gas 
chromatography analysis of a side stream of 
gas. Refinements are in process to also use this 
technique to establish the boiling point curve for 
tars and oils produced. Sulfur compounds in the 
gas streams are routinely measured by a gas 
chromatography analyzer. Separation of aromatic 
organic fractions in liquor has been accomplished 
by high pressure liquid chromatography techniques 
supplemented by infrared analysis. Analytical 
methods development has also included validating 
a test method for determination of cyanide, 
sulfur, and sulfide in the wastewater.

PLANS FOR NEXT PERIOD

biological treatability of gasifier liquid effluents 
have been initiated by contract. A primary 
objective is to establish components that exert 
inhibition effects on biological treatment of gas 
liquor. Work -vill also be initiated in anaerobic 
treatment of wastes. Simulated cooling tower 
studies will be initiated, if feasible, to deter
mine the fouling and environmental factors 
involved in using effluents as cooling water.

REPORTS PUBLISHED

Ellman and Johnson, "Slagging Fixed-Bed 
Gasification at the Grand Forks Energy Research 
Center," Eighth Synthetic Pipeline Gas 
Symposium, Chicago, Illinois, 1976.

Ellman and Schobert, "Pilot Plant Operation 
of a Fixed-Bed Slagging Gasifier," 173rd National 
American Chemical Society Meeting, New 
Orleans, Louisiana, 1977.

Ellman et al., "Current Status of St.dies in 
Slagging Fixed-Bed Gasification at the Grand 
Forks Energy Research Center," Ninth Biennial 
Lignite Symposium, Grand Forks, North Dakota,
1977.

Ellman et al., "Slagging Fixed-Bed Gasifica
tion," Fourth International Conference on Coal 
Gasification, Liquefaction, and Conversion, 
Pittsburgh, Pennsylvania, 1977.

Paulson, Schobert, and Ellman, "Sampling, 
Analysis, and Characterization of Effluents from 
the Grand Forks Energy Research Center Slagging 
Fixed-Bed Gasifier," 175th National American 
Chemical Society Meeting, Anaheim, California,
1978.

Mayer, Olson, and Schobert, "Standard 
Methods for the Analysis of Coal Gasification 
Effluents--Caveat Emptor," presentation at 
National Canadian Institute of Coal Meeting, 
Winnipeg, Canada, 1978.

Olson and Schobert, "Evaluation of Methods 
for Determination of Sulfide in Coal Gasification 
Wastewater," 176th National American Chemical 
Society Meeting, Miami, Florida, 1978.

Olson and Schobert, "Production of Cj-C  ̂
Hydrocarbons in the Gasification of Some North 
Dakota Lignites," North Dakota Academy of 
Science Meeting, Grand Forks, North Dakota,
1978.

Johnson, Fegley, Ellman, and Paulson, 
"Gasification of North Dakota Lignite in a

The gasifier will be inoperative for 3 months 
during relocation and assembly of modifications. 
Shakedown will begin early in the calendar year. 
First attempts to gasify will then be initiated on 
eastern coking coals. It is planned to complete 
tests on a second coking coal and a second sub- 
bituminous coal in FY 1979. Studies of the
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Slagging Fixed-Bed G asifier," American Institute 
of Chem ical Engineers National M eeting, Miami, 
Florida, 1978.

PROJECTED MILESTONES

•  January 1 , 1979 — Development and
validation of sam ple collection methods 
and procedures

•  April 1, 1979 — Development and vali
dation of analytical m ethods and
procedures

•  July 1, 1979 — Completion o f  charac
terization of effluents produced from 
eastern  caking coal

•  October 1, 1979 — Characterization of
effluents produced from second eastern 
subbituminous coal

ENVIRONMENTAL CONTROL TECHNOLOGY 
SURVEY OF SELECTED ILS. STRIP 

MINING SITES

APPROACH

The future coal production areas will be 
surveyed, and case study sites selected. 
Effluents w ill be sampled above and below the 
treatment fac ility  and as the effluent leaves the 
site; background water sam ples will also be col
lected upstream from the m ine site. The 
sampling and analyses plan includes biweekly 
sampling and chem ical analyses of sites' 
effluents; sampling and analyses of coal, over
burden, and treatment sludges; and collection  
and analysis of previously published d im a tic , 
hydrologic, and geologic data. Where feasible, 
site im pacts will be projected for larger coal 
regions.

The efficien cy  and econom ics of control 
technologies will be exam ined, including w aste- 
product disposal/utilization, and will be inter
faced with the site  characteristics, control 
technology practices, treatm ent effectiveness, 
and legal requirements in order to  make recom
mendations for alternatives to  existing technolo
gies and future R&D needs.

PROGRESS AND RESULTS

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory
W -31-109-ENG -3S

PRINCIPAL INVESTIGATORS

D.O. Johnson
J.E. Bogner

OBJECTIVES

The objectives of this survey are to 
( 1 ) identify  sites east o f the 10 0 th  meridian 
where coal s ir  face mining is  expected to in
crease over the next 2 0  years; ( 2 ) intensively  
study these sites to obtain a data base from 
which to assess potential environmental impacts 
o f increased coal surface mining; (3) assess the 
effec tiven ess  of the control technologies utilized  
and exam ine alternatives; (4 )  assess the feasi
bility of Environmental Protection Agency (EPA) 
effluent guidelines and O ffice  of Surface Mining 
(OSM) regulations for water quality; (5) 
recommend control technologies for new and 
expanding mines so that those mines operate in 
an environmentally sa fe  manner; and 
( 6 ) recom m end future research and development 
(R&D) needs and priorities in environmental 
control technology for surface coal mining.

Objective 1 has been com pleted and the 
summary report is being ed ited . This report con
tains coal production scenarios through the year 
2 0 0 0 , maps o f each sta te's coalfields by type of 
reserves, and a survey o f ex isting technologies 
for water quality control and coal overburden 
removal.

The intensive sampling program for Objective
2 is com pleted , and the first 7  o f 12 case study 
reports are in various stages o f completion. 
These reports include several types of analytical 
data. Surface water sam ples were obtained 
twice a month and analyzed for the following:

Temperature
Conductivity
pH
Dissolved oxygen
Acidity/alkalinity
Manganese
Aluminum
Sulfate
Total dissolved  

solids

Suspended solids
Calcium
Total iron
Sodium
Chloride
Fluoride
Strontium
Magnesium
Ammonia (as nitrogen) 
Potassium

Trace elem ent analysis o f w ater samples was 
performed every 3 months. Elements analyzed 
included
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Mercury
Cadmium
Cobalt
Nickel
Copper

Chromium
Vanadium
Molybdenum
Lead
Zinc

The overburden was also sampled and analyzed 
far major, m inor, and trace elem ents and forms 
o f  sulfur. The coal or ooals were sam pled, and 
the samples underwent proximate and ultimate 
analyses in addition to  the same types of 
analyses performed on the overburden. Acid 
p otentia l, as derived from pyritic sulfur, and 
to ta l neutralization potential were also deter
mined.

The report for O bjective 3 is in progress. It in
cludes regionalized information on control 
technology e ffica cy  and econom ics. Process 
w aste products are being characterized mineral o- 
gicaily  and ch em ically , and their environmental 
im pacts are being assessed (Figure 28).

PLANS FOR NEXT PERIOD

During FY 1979, the series of site reports to 
m eet O bjective 2 will be com pleted as will the 
report for O bjective 3; work for Objective 4 will 
be initiated. The series o f s ite  reports, coupled 
with the information relative to increased coal 
production and control technology, will provide 
the baseline data for the final project report. A 
program plan for a  complementary study in the 
western states is in progress, and work will be 
in itiated. The report far O bjective 4 (draft) and 
the summary volume for the eastern work (draft) 
will be com pleted during FY 19S0.

One potential problem identified in the proj
e c t  work to date is the potential for release of 
tox ic  heavy m etals from mine effluent pathway 
sedim ents. A study has been proposed to 
exam ine this problem , and a  program plan will 
be developed and work in itiated.

REPORTS PUBLISHED

The following documents were published as 
part o f the "Environmental Control Technology
Survey of Selected  U.S. Strip Mining Sites,"  
Proceedings. DOE Environmental Control 
Sjfni^osium. Washington. D .C .. Ktovember 28-30 .

•  "Future Coal Production and Selection  
of C ase Study S ites,"  D raft, Volume 1.

•  "Water Quality Impacts and Overburden 
Geochem istry o f Ohio Study Site,"  
Volume 2a.

Figure 28. Unit Operations: Control 
Technology Assessment

» "Water Quality Impacts and Overburden 
Geochemistry of Alabama Study S ite,"  
Volume 2b.

• "Water Quality Impacts and Overburden 
Geochemistry of E. Kentucky Study 
Sites," Volume 2c.

» "Water Quality Impacts and Overburden 
Geochemistry of Tennessee Study 
Sites," Volume 2d.

» "Water Quality Impacts and Overburden 
Geochemistry of Maryland Study S ite,"  
Volume 2e.
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•  "Water Quality Impacts and Overburden 
G eochem istry of N. West Virginia Study 
S ite ,"  Volume 2f.

•  "Water Quality Impacts and Overburden 
Geochem istry of S. West Virginia Study 
S ite ,"  Volume 2g.

•  "Control Technology," D raft, Volume 3.

"Environmental Control Technology: Effluent
Survey o f U.S. Strip Mining Sites," Proceedings, 
Impact of th e National Energy Act on U tilities  
and Industries Due to the Conversion to C oal, 
Houston, T ex., December 4 -6 , 1978.

The following abstracts were published for
papers given at the Symposium on Environment 
and Mining Research and Demonstration A ctivi
ties in Southern Appalachia, University of 
Tennessee, K noxville, May 2-3 , 1978:

•  "Environmental Control Technology of 
S elected  U.S. Strip Mining Sites."

•  "Water Quality at Three Surface Coal 
Mines in Eastern Kentucky." ,

•  "Water Quality at a Surface Coal Mine 
in  the Black Warrior Basin, Northern 
Alabama."

•  "The Evaluation of Volumes, Charac
te r is t ic s , and Potential Environmental 
Impacts of the Mine Wastes and 
Effluents of Two Coal Strip Mines in 
the Southern Coalfield of Tennessee."

The following abstracts were submitted to the 
Annual M eeting, North Central Section,
Geological Society of America, May 1979.

•  "Geochemistry of Neutralization-Treat- 
m ent Waste Products at Surface Coal 
Mines."

•  "Flexible Data Management System for 
Storage and Manipulation of Geo
chem ical and Geological Data."

•  "Distribution of Selected Transition and 
Heavy Metals in Overburden Units of 
th e Appalachian and Central Interior 
Coal Basins," abstract submitted to IX 
International Congress of Carboniferous 
Stratigraphy and Geology, June 1979.

PROJECTED MILESTONES

•  April 1979 — Finalized  western pro
gram plan

•  July 1979 — Completion of Volume 3

•  October 1979 — C om pletion of all re
ports for Objective 2

•  January 1980 — Com pletion of Volume
4 (D raft)

•  April 1980 — C om pletion of summary 
volume (draft) for eastern  work

TRACE ELEMENT CHARACTERIZATION AND 
REMOVAL/RECOVERY FROM RAW COAL 

AND COAL PREPARATION WASTES

ORGANIZATION AND CONTRACT NUMBER

Los Alamos Scientic Laboratory
IAG-D5-E681

PRINCIPAL INVESTIGATOR

E.M. Wewerka 

OBJECTIVES

The objectives of this ongoing research pro
gram are to assess the nature and magnitude of 
the trace elem ents in the cfrainage from coal 
preparation w astes and stored co a ls , identify the 
trace elem ents of greatest environm ental concern 
in these m aterials, and evaluate required pollu
tion control technology for th is form of environ
mental contamination.

APPROACH

This program is divided in to  several research 
activities. The initial efforts will include studies 
of the structural, w eathering, and leaching 
behaviors of the trace elem en ts in selected  
samples of high-sulfur refuse and coal. These 
investigations will establish th e overall potential 
of these m aterials to cause trace elem ent conta
mination and will reveal th e  identities of the 
specific trace elem ents of concern in the refuse 
and coal pile effluents. The information 
gathered on refuse and coal structure and 
environmental behavior will provide the basis for
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the present stage o f  the program, which involves 
assessm ent or developm ent of control technology  
to  lessen  the environm ental impact o f  trace 
elem ent pollution o f  coal or refuse-associated  
w aters.

PROGRESS AND RESULTS

Investigations are underway to identify the
options for preventing or controlling trace  
elem ent contamination of the frainages from 
high-sulfur coal preparation wastes. Two basic
approaches to e f f e c t  trace element control are
being considered in  th is work. The first involves 
m ethods to treat new ly produced coal refuse , 
either at the preparation plant or during dis
posal, to  prevent the eventual release of trace 
elem en ts. The techniques include refuse cal
cining, treatment o f  the refuse to remove acid-  
forming constituents and labile trace elem en ts, 
and the application of adsorbents or attenuating  
agents to refuse disposal sites. The second  
approach concerns techniques to reduce or abate 
the trace element com position of already con
tam inated waters em erging from refuse dumps 
and disposal areas. Under consideration are 
m ethods such as alkaline neutralization, ion 
exchan ge, reverse o sm osis, chelation, and appli
cation of selected adsorbents. In addition, an 
investigation has been started to identify the 
tox ic  and potentially harmful trace elem ents in 
the aqueous discharges from selected sam ples of 
Appalachian Basin coa l refuse.

PLANS FOR THE NEXT PERIOD

Work on the assessm ent of environmental 
control technology for trace element releases in 
the drainage from ooal refuse materials will be 
continued with the e ffo rt directed at those 
elem ents of im m ediate and greatest ooncern in 
high-sulfur wastes. The focus of these studies 
will be on those m ethods that appear to be most 
promising both in term s of technical e ffec tiv e 
ness and economic v iab ility . Laboratory studies 
of the chemistry and environmental behavior of 
the trace elem ents in high-sulfur Appalachian 
coal preparation w astes will be com pleted  
(Figure 29), and sim ilar assessment studies 
to identify trace e lem en t releases in the dis
charges from low -sulfur refuse materials from  
the Appalachian and w estern ooal regions will be 
in itiated . Studies will be carried out on the 
structure and elem en tal composition of mineral 
phases in the refu se  that may provide useful 
information on trace elem ent mineralogy and 
identify elements m ost likely associated with  
labile mineral system s (Figure 30). An evalua
tion of the potential for economic recovery of

Figure 29. Laboratory Apparatus U sed for  
Dynam ic Leaching and Simulated W eathering  

Studies of Coal R efuse Materials

m eta ls or minerals from coal refuse in  conjunc
tion with pollution abatement will a lso  be 
started .

REPORTS PUBLISHED

J.M. Williams, E.M. Wewerka, N.E. 
Vanderborgh, P. Wagner, P.L. Wanek, and J.D . 
O lsen , "Environmental Pollution by Trace 
Elem ents in Coal Preparation W astes," Pro
ceed ings of Seventh Symposium on C oal Mine # 
Drainage Research^ Louisville, K y., O ctober
1977.

E.M. Wewerka, J.M. Williams, P.L. Wanek, 
and J.D . O lsen, "Trace Element C haracterization  
and Rem oval/Recovery from Coal and Coal 
W astes," Annual Progress Report For th e  Period  
July 1, 1975 to June 30, 1976, DOE,
L A -6835-P R , Los Alamos Scientific Laboratory, 
March 1978.

E.M. Wewerka, J.M. W illiams, N.E. 
Vanderborgh, A.W. Harmon, P.L. W anek, and 
J.D .O !sen , "Trace Elements C haracterization and 
R em oval/R ecovery From Coal and Coal W astes,"
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Figure 30. Laboratory Apparatus Used for Dynam ic Leaching and Simulated Weathering
Studies of Coal R efuse Materials

Annual Progress Report For the Period October
1, 1976, to  September 30, 1977, DOE,
LA-7360-PR, Los Alamos Scientific Laboratory, 
July 1978.

E.M. W ewerka and J.M. W illiams, "Trace 
Element C haracterization and Removal/Recovery 
From Coal and C oal Wastes," LA -7048-PR , Los 
Alamos S cien tific  Laboratory, Work Plan for the 
Period October 1, 1977, to September 30, 1978.

PROJECTED MILESTONES

Quarterly reports and an annual report will be 
written describing program progress. Meetings 
with ECT program  managers to review resu.ts 
and adjust the directions of the program wil' be 
held semiannually.

EVALUATION OF THE EFFECT OF COAL 
CLEANING ON FUGITIVE ELEMENTS

ORGANIZATION AND CONTRACT NUMBER

Bituminous Coal Research, Inc. 
E E -77-S-02-M 27

PRINCIPAL INVESTIGATORS

J.F. Boyer, Jr.
C .T. Ford

OBJECTIVE

The objective of this project is to  assess the 
e f fe c t  o f controlled coal cleaning on fugitive
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elements present in ru n -of-m in e (ROM) coal. 
The results o l the study should allow some con
clusions to be drawn concerning th e potential for 
coal cleaning as a strategy for controlling trace 
elements that otherwise may b ecom e an environ
mental problem during subsequent utilization of a 
particular coal.

APPROACH

The e f fe c t  o f coal clean ing on fugitive 
elements will be evaluated by exhaustively 
studying 20 sam ples of ROM co a l obtained from 
various geographic locations throughout the 
United States. All ROM sam ples will be sub
jected to controlled coal clean ing at the Bitu
minous Coal R esearch, Inc., laboratory. Each 
coal will be crushed to a I-1 /4 -in c h  topsize, 
sampled, and then screened into 1-1 /4 -  by 
1/4-inch, 1/4-inch by 30-m esh , and minus-30- 
mesh fractions, which are typ ica l of present 
cleaning plant circuitry. The 1 -1 /4 -  by 1/4-inch 
and the 1/4-inch by 30-mesh fractions will be 
gravity separated at the follow ing gravities:
1.35, 1.55, and 1.80. The minus-30-mesh
material will be separated into four distinct frac
tions, using a hydraulic classifier.

Samples of eight of the ROM coals will also 
be reduced in s ize  to one lot that is predom
inately m inus-30-m esh. This lot will be 
screened, using the standard s ie v e  series, down 
to 270-mesh. The m inus-30-m esh lot should 
yield eight s iz e  fractions, which will then be 
hydraulically classified  to produce, as near as 
possible, a pure coal fraction , a pure shale frac
tion , and a pure pyrite fraction.

Each fraction produced by th e coal cleaning 
task will be characterized by general chemical 
and trace elem ent analysis, as w ell as petro- 
graphic analysis where appropriate, and the data 
will be evaluated to determine the trace element 
concentrations in the various clean  coal and re
ject fractions. Those fugitive elem ents chosen 
for study include the trace elem en ts antimony, 
arsenic, beryllium , cadmium, chrom ium , copper, 
fluorine, lead , m anganese, m ercury, nickel, 
selenium, vanadium, and z in c , along with the 
more prevalent constituents such as sulfur.

PROGRESS AND RESULTS

Of the 20 ROM coals to be evaluated, 13 
have been sampled and subjected to laboratory- 
controlled cleaning. These 13 coa ls include the 
Freeport, Illinois No. 6 , R osebud, Beulah-Zap, 
Hannah No. 6 0 , Adaville No. 1 , C astle Gate B , 
Lower K ittanning, Pittsburgh, Meigs Creek,

Pocahontas N o. 3 , Stockton, and Sewell seam s. 
The analytical phase has been com pleted for ten  
of these co a ls , and the data have been evaluated  
for the first eigh t. Thus far, e ffec tiv e  rem oval 
o f many o f those constituents of coal that m ight 
cause problems with their release to the environ
ment during utilization has been dem onstrated. 
The cleaning w as particularly e ffec tiv e  in the re
m oval o f arsen ic , cadmium, lead , m anganese, 
m ercury, z in c , iron, and calcium .

PLANS FOR NEXT PERIOD

A sta te -o f-th e -a r t  review of the e f fe c t  o f  
coal m ining, transportation, preparation, and 
utilization on fugitive elem ents will be finished  
during the first quarter. The final seven co a ls ,  
including the Mary Lee, Kentucky No. 9 , Illinois 
No. 5 , Im boden, Upper Elkhorn No. 3 , P itts
burgh, and Lower Kittanning seam s, will be 
obtained and cleaned. The analytical and data  
evaluation phase will be com pleted, and an 
analytical m ethods report and final project report 
will be prepared.

REPORTS PUBLISHED

"Evaluation of the Effects o f Coal Cleaning  
on Fugitive E lem en ts, Phase 1," U.S. Department 
of Energy, O ctober 1978 (projected).

PROJECTED MILESTONES

•  D ecem ber 1978 - -  Completion o f
sta te -o f-th e -a r t  review

•  April 1979 — Completion of cleaning
phase

•  June 1979 — Competion of analytical
phase

•  3uly 1979 — Completion of analytical
m ethods report

•  September 1979 — Final report

WATER POLLUTION CONTROL FOR COAL 
SLURRY PIPELINES: REQUIREMENTS 

AND STRATEGIES

ORGANIZATION AND CONTRACT NUMBER

University o f  California at Los Angeles 
Science A pplications, Inc. 
E Y -76-5 -03 -0034
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PRINCIPAL INVESTIGATOR

O.L. Anderson 

OBJECTIVES

The objectives o f this project were to

•  Identify and determine the significance
of all potential interactions between
coal slurry and/or recovered slurry 
water and the environment;

•  Assess w ater pollution control and
water treatm ent strategies used for 
existing and proposed coal slurry pipe
line system s;

•  Assess current and developing tech
nologies for control of suspended 
p articles, trace elem ents, and trace 
organics in wastewaters; and

•  Determ ine the feasibility of using saline 
water or partially treated sewage 
effluent as the carrier medium and the 
resulting interactions between the liquid 
and solid  phases.

APPROACH

The objectives were accomplished through a 
literature review o f coal-water chemistry and 
water pollution control technology and analyses 
o f laboratory-prepared coal slurries for ( 1 ) 
transfer of inorganic species (including trace 
m etals) from solid  to  liquid phase; ( 2 ) leaching 
of organic species; and (3) the e ffec ts  of slurry 
exposure on w astew ater characteristics, including 
e ffec ts  upon coliform  bacteria and bacterial 
virus.

PROGRESS AND RESULTS

The project began October 1, 1977, and was 
completed June 3 0 , 1978. All objectives were 
accomplished and th e results are presented below.

Coal slurry pipelines and their associated  
interactions with th e environment (Table 2) are 
under active consideration for transporting a 
significant portion of the U.S. coal production. 
Predominant am ong the environmental issues 
raised in the public debate over legislation to  
grant these p ipelines the right of eminent domain 
are those associated  with water. Citizens in arid 
coal-source areas question the wisdom of export
ing water to  s ta te s  where water is more 
abundant and have expressed fears that increased

pumping of groundwater for certain slurry pipe
line projects would adversely a ffec t the aquifers 
upon which many of them depend. Figure 31 
shows the annual transmission water requirem ents 
as a function of throughput and coal m oisture 
content.

A water issue that has not previously received  
much attention is that of the reuse of recovered  
slurry water. Water recovered from the one 
operating coal slurry system in the United  
S ta tes , the Black Mesa Pipeline, is clarified , 
tre a te d , and reused in the cooling system  for the 
Mohave Generating Station in Nevada; cooling  
tower blowdown and slurry water that is not re
used are disposed of in evaporating ponds. In 
som e future slurry pipeline system s, however, 
coa l may be partially dewatered and loaded onto 
barges, while the water is discharged to  surface 
stream s. In regions where precipitation exceeds  
evaporation, ponding will be unsatisfactory for 
disposing of blowdown and unused slurry water. 
Because all discharges to navigable w aters are 
subject to Federal and State perm it regulations, 
it is important at this stage of coal slurry pipe
line development to anticipate the types of pollu
tion controls that will be necessary.

It has generally been assumed in the slurry 
pipeline literature that physical and chem ical 
interactions between coal and water in pipelines 
are negligible. From the nature of c o a l, how
ev e r , at least some leaching of m inerals and low 
m olecular weight organics would be expected. 
To plan for anticipated water pollution control 
regulations and possible alternative reuses, it  is 
therefore necessary to  identify the pollutants 
that might be present in recovered slurry water.

Another topic of interest is that o f alterna
tive  carrier media for slurry pipelines. Given 
th e legal and political difficulties o f obtaining 
high-quality water from arid coal regions, it  has 
been suggested that saline water or partially 
treated  sewage effluent be used instead . The 
suggestion has been made that exposure to  coal 
in a slurry pipeline would upgrade the quality of 
the sewage effluent.

To explore these questions, the subcontractor, 
Science Applications, Inc. (SA I), se t up several 
artific ia l slurries. H igh-volatile C-bitum inous 
coal from the Wasatch Plateau coal field  in 
Emery Country, Utah, was ground to  a  particle 
s iz e  distribution similar to that of the Black 
Mesa Pipeline. Slurry media included an artifi
cial saline solution similar in com position to 
groundwater from portions of the Madison Forma
tion in Wyoming (2200 ppm total dissolved solids)



Table 2. Points of Potential Interaction Between Coal Slurry and the Environment

Process Potential
Interacton

What Affected Severity of 
Impact

Preparation Spill Preparation plant Infrequent, negligible

Pipeline transmission Leak Soil, possibly water Minor, localized

Spill Soil, possibly water Minor in soils, nuisance 
in farmland, possibly 
temporarily serious in 
water

Emergency dumping Infiltration Soil, groundwater Not likely, minor

Drinking by animals Animals (mainly birds) Minor, short term

Blowoff of dried 
coal fines

Air, soil Minor, long term

Dewatering aid 
clarification

Spill Receiving facility Not likely, minor

Cooling tower blowdown 
disposal (pnd)

Infiltration 

Drinking by animals

Soi1, groundwater 

Animals (mainly birds)

Not likely, minor

Long term, could be 
significant

Discharge to receiving 
water

Loading of suspended 
solids, toxic metals, 
organics

Drinking water, aquatic 
habitat

Long term, minor to 
significant

and primary-treated sewage efflu en t from a 
wastewater treatm ent plant serving an almost 
exclusively residential area near Los Angeles, 
California. Slurries having the sam e specific 
gravities as the Black Mesa Pipeline fluid were 
mixed in gl;iss and polyethylene carboys, purged 
of oxygen by nitrogen stripping, and agitated 
continuously for 10  days on a  roller table 
designed and built for this project. A carboy con
taining primary effluent without coal served as a 
control for the coal/sew age slurry experiments. 
Aliquots of sewage control and coal/sew age slurry 
were set aside for m icrobiological analysis. All 
remaining slurry was vacuum filtered  through
0.4-micrometer Nucleopore filters .

Analyses of the coal/saline slurry filtrate 
were conducted at the University o f  California at 
Los Angeles (UCLA) School o f Public Health. 
The pH of the medium declined from  8.3 to 6.8 ,

so no acidity problems characteristic of acid 
mine drainage would be expected. Hardness in
creased by over 80 percent, although there was 
a decline in both total dissolved solids and 
calcium concentrations. A possible explanation 
would be precip itation  of calcium sa lts  and their 
removal by th e  filtration. Sulfate increased 
slightly, and sodium  and chloride each  decreased 
slightly. A ch em ical oxygen demand (COD) of 3 
mg/ 1  was m easured, which could indicate 
leaching of organic matter. Concentrations of 
cadmium, iron , lea d , mercury, and zinc were 
below 8 , 20 , 60 , 900, and 4 parts per billion, 
respectively.

Analyses o f  the coal sewage efflu en t slurry, 
slurry filtra te , and sewage control were also 
conducted at UCLA. Results differed from those 
o f the coa l/sa lin e slurry filtrate analyses in that 
total dissolved solids and sodium concentrations
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THROUGHPUT. 10* CONTRACT TONS/YEAR

Figure 31. Transmission Water Requirements 
as a  Function of Moist Coal Throughput and 

Coal M oisture

increased with respect to  the control instead of 
decreased. Alkalinity decreased  by over 60 per
cent re la tive  to the co n tro l, perhaps as a result 
of neutralization of a c id ic  species leached from  
the coa l or formed from  coal leachate (e .g .,  
sulfuric acid); another cau se might have been  
precipitation of contributors to alkalinity, such  
as hydroxide, bicarbonate, and phosphate. Partly 
as a resu lt of the consum ption of alkalinity con
stituents, the PH dropped from 7.3 to 6.9. The 
original COD, which w as unusually low for this 
type o f wastewater (83  mg/ 1  in the original 
sample) was virtually elim inated  by the coal con
tact. The coal also reduced total phosphorus 
from 1.2 mg/1 to less than 0.003 mg/1.

C oal contact was apparently toxic to coliform  
bacteria , which serve as indicators of microbial

pollution of wastewater, although about 1 0 ,0 0 0  
organisms per 100 ml remained. Fecal strep
tococci increased with respect to the sewage  
control. Thus, the results do not support the  
supposition that sewage water would be disin
fected  in a  coal slurry pipeline. On the other 
hand, a t least 99.8 percent of a coliform  
b acter ia -sp ecific  virus present in the sewage was 
d eactivated; the means of deactivation are 
unknown.

To determ ine how much of various trace  
elem ents would be available for leaching, SAI 
subjected samples of the sam e Utah coal to  
distilled w ater, nitric acid, and nitric acid- 
hydrogen peroxide digestion. Each process 
yielded successfully larger amounts of the 
elem en ts. Whole coal concentrations of  
aluminum, cadmium, chromium, iron, lead , 
m anganese, mercury, nickel, and zinc were well 
within th e ranges reported in the literature for 
western coals. At 40.5 ppm, copper was con
siderably higher than the average, for unknown 
reason*. At neutral pH, in distilled w ater, 
actual solubilities of cadmium, lead , and zinc  
were six orders of magnitude below the theoret
ical values.

Organic leaching experiments were also con
ducted by SAI. The filtrate from a coal/d istilled  
water m ixture was fractionated by liquid column 
chrom atography. The gas chromatographic results 
for the filtra te  showed less com plexity than that 
for w hole coal and had a larger percentage of 
unresolvable compounds in higher molecular 
weight regions. Gas chromatography/mass spec
trom etry analysis of the benzene fraction identi
fied  at lea st 1 2  alkyl-substituted naphthalenes, 
of which dimethyl naphthalene was the m ost 
prominent. Some three-ring arom atic hydro
carbons (anthracene and phenanthrene) and a 
five-rin g  heterocyclic compound (fluoranthrene) 
were a lso  identified.

Gas chromatographic data indicate that con
centrations of aromatics and hydrocarbon waxes 
in the filtra te  were about 2.3 and 0.83 ppm , 
resp ectiv e ly , for a total of about 3 ppm. From  
theoretica l considerations and results of a 
parallel analysis of whole c o a l, it  is probable 
that the methanol fraction, which unfortunately 
was lo s t ,  would have shown a leaching of a 
com parable amount of phenolic compounds from  
the coa l. Indirect evidence from the gas 
chrom atographic analyses indicates that the  
slurried co«d was subjected to  more oxidative 
w eathering and/or microbial degradation thar was 
the w hole coal.

50



Laboratory results and literature reviews 
indicated that the coal slurry pollutants most 
lik ely  to be subject to discharge standards in the 
near future would be u ltrafine suspended coal and 
clay  solids and organics leached from th e coal 
in to the water. The s ta te -o f-th e -a r t  o f tech
niques to control these pollutants was therefore  
review ed. In addition to  contacting manu
facturers of pollution control equipm ent and 
designers of proposed slurry pipeline system s, 
UCLA discussed operating problems w ith  per
sonnel at the Mohave Generating Station.

Technology for removing fine coal particles is 
availab le, and more thorough clarification  of re
covered  slurry water, through improved system  
d esign , is to be expected. Activated carbon or 
polym eric adsorption appear to be the b est avail
ab le  techniques for control of the organic sub
stan ces likely to be leached from th e coal. 
Water treatment costs to permit com pliance with 
present and expected future discharge regulations 
would add about 5 to 10 cents per ton to  the 
co sts  of transporting and dewatering the coal.

High total dissolved solids and high sodium 
absorption ratios could pose serious problems 
w ere the recovered slurry water to  b e used 
directly  for agriculture. Dilution with fresher 
w ater or treatment by ion exchange or reverse 
osm osis could reduce th ese  param eters, although 
the cost (on the order of $ 1 0 0  per a cre-fo o t)  
may be prohibitive for many agricultural users.

Assuming that p o litica l, lega l, and environ
m ental issues are resolved, slurry p ipelines are 
m ost likely to be built in cases for which their 
econom ic advantage over railroads is decisive. 
The additional 5 to 10 cen ts per ton for water 
pollution control is not likely to sh ift the cost 
advantage to railroads. Because water pollution 
control technology is available for the pollutants 
lik ely  to be present in recovered slurry water, 
environmental concerns at the receiving end are 
not likely to affect slurry pipeline developm ent 
as significantly as those of water supply and 
right-of-w ay.

REPORTS PUBLISHED

"Water Pollution Control for C oal Slurry 
Pipelines," SA I-068-79-516, U niversity of 
C alifornia at Los Angeles and Science Applica
tio n s , Inc., June 30, 1978.

PROJECTED MILESTONES

None

ENVIRONMENTAL CONTROL IMPLICATIONS
OF LIGNITE UTILIZATION

ORGANIZATION AND CONTRACT NUMBER

Texas A&M U niversity
E P -78-S -05-5699

PRINCIPAL INVESTIGATOR

A.R. McFarland 

OBJECTIVES

The objectives o f  this project are to  id entify  
existing or anticipated regulatory constraints and 
to assess air quality and groundwater contam ina
tion asp ects associated with lignite utilization.

APPROACH

Considerations relating to regulatory con
straints, control technology, and groundwater 
contam ination will be established through a 
paperwork study. Air quality studies will be con
ducted through a com bination of field and labora
tory investigations.

PROGRESS AND RESULTS

A literature rev iew  has been conducted of  
the le g a l, tech n ica l, and systems top ics. 
Pertinent references have been assembled for 
com puter-based reproduction in cross-indexed  
form. Interactions w ith  appropriate regulatory  
agencies have been undertaken to determine key 
potential constraints. A stack sampling system  
has been developed to  enable collecuon o f  fly  
ash for subsequent laboratory evaluation o f trace  
metal content and m utagenicity potential. This 
system  has a sampling flow  rate of 1 cubic foot  
per m inute and separates the fly ash into three  
particle s ize  categories: greater than 15
microns, 2 .5  to 15 m icrons, and less than 2.5  
microns in aerodynamic diameter. N egotiations 
have been conducted w ith  Texas Utilities to  seek  
permission to  sample from  the stacks of ex isting  
lign ite-fired  electrical generation plants.

PLANS FOR NEXT PERIOD

Samples of fly  ash from an operating plant 
will be collected and analyzed relative to  
leaching ch aracteristics, particle morphology, and 
trace elem ents.
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REPORTS PUBLISHED 

None

riiOJECTED MILESTONES 

None

COAL COATING FOR ENVIRONMENTAL 
CONTROL M  TRANSPORT A N D  STORAGE

ORGANIZATION AND CONTRACT NUMBER

Atlantic Research Corporation
EP-78-C -02-0632

PRINCIPAL INVESTIGATORS

R.V. Kromrey
R.S. Scheffee
R.S. Valentine

OBJECTIVE

Coal in stockpiles or in railcars is subject to 
adverse e ffec ts  from exposure to  wind and rain. 
Dust emission and leachate form ation are the 
most serious environmental problem s caused by 
this exposure. In addition, added moisture can 
result in fuel value lo ss , grinding problems, and 
freezing in winter. Oxidation o f th e coal results
I.' fuel value loss and the possibility of spon
taneous ignition.

The purpose of this program is to evaluate 
the technical feasib ility  and econom ics of coating 
coal stores to prevent moisture penetration and 
air circulation. S pecifically , coatin gs consisting 
of a filler such as pulverized coa l and a binder 
such as w ax/plastic mixtures or la tex  emulsions 
will be considered. The physical properties of 
such coatings will be determined and a cost/ 
benefit analysis conducted.

APPROACH

An analysis of filler and binder materials is 
the first requirement for developm ent of coal 
coatings. Each candidate m aterial is considered 
with respect to  c o s t, availab ility , fuel value, 
physical properties, and environm ental pollution 
potential. The m ost attractive filler/binder pairs 
are then se lected  for experim ental evaluation.

Formulations of coating m ixes are then pre
pared. Promising compositions are tested for 
Theological properties, tensile and compressive

strength , therm al coefficient of expansion, water 
perm eability , and grindability. Test panels are 
constructed for evaluation of the coatings on a 
coal surface.

An application device capable of applying one 
gallon per m inute of coating m aterial will be 
constructed. This unit will be used to  coat 
larger panels for outdoor weathering te s ts  and 
longer term observation. An econom ic analysis 
will determ ine the cost of applying coatings to 
railcars and coal stockpiles of various sizes. A 
cost/b en efit study will establish the relative  
m erits of various coating alternatives to provide 
th e desired degree of protection at the lowest 
cost.

PROGRESS AND RESULTS

The filler and binder m aterials analysis 
resulted in the choice of pulverized coal as the 
best filler m aterial. Binders composed of mix
tures of waxes and plastics such as reclaim ed  
polyethylene and polypropylene emerged as most 
attractive. These coatings are applied hot. 
Latex emulsions also appeared attractive as a 
binder, with the added advantage that coatings 
can be applied at ambient temperature.

Test form ulations were prepared, and those 
which appeared suitable were subm itted for 
physical properties tests. Test panels measuring 
1 foot by 1 foot were constructed for evaluation  
o; the most promising formulations. These 
panels were subjected to simulated rainfall tests  
to  determ ine their ability to repel water. They 
were also cycled  through a temperature range of 
-3 0 °F  (-340C ) to  160°F (71°C). The panels 
were again "rainfall" tested after exposure to 
each tem perature extrem e.

Results o f these tests were used to  choose 
the best formulations. Tv'o form ulations 
appeared to  o ffer  the best balance of proper
tie s . The first was a hot-melt com posite of 77.5 
percent pulverized coal and 22.5 percent binder. 
The binder consisted of 66.6 percent slack wax, 
16.7 percent polyethylene, and 16.7 percent poly
propylene. The second attractive candidate was 
a  mixture o f 50 percent pulverized c o a l, 23 
percent la tex  emulsion of plasticized polyvinyl 
a c e ta te , and 27 percent water (above that in 
the la tex).

A subscale application system was designed 
that was capable of applying 1 gallon per minute 
of either the h ot-m elt or the filled la tex  coat
ing. The key component of this sytem is a  pump 
capable of handling hot, viscous slurries. The
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system  was checked out by applying coatings to 
4- by 8 -foo t panels.

An economic analysis showed that the normal 
cost of preparing a com pacted coal stockpile and 
m onitoring it for one year is about $0.31 per 
ton o f coal. The estim ated cost of p rotective  
coatin gs ranges from $0,034 per ton of coal for 
an unfilled  latex spray (com m ercially available 
"crusting" latexes) to $0.05 per ton for the hot- 
m elt coating and $0.08 per ton for the filled  
la tex  coating. However, crusting la texes do not 
w aterproof the pile. These figures are based 
upon treating a 250,000-ton  stockpile. For rail- 
car applications, use of unfilled latex  sprays will 
prevent dusting for $0.07 per ton of coal. For 
ihi* application, the filled coatings would cost 
substantially more and offer relatively l i t t le  in 
additional benefits over the la tex  spray.

Many of the benefits o f coal coatings are 
intangible in terms of dollar return on coating  
costs. For example, it is d ifficu lt to assess the 
dollar value of reduced dust em issions. How
ever, based on assignment of equivalent dollar 
values to each coating b en efit, a dollar return 
can be estimated. It appears that coal coatings  
will return at least 10  tim es their cost in either 
railcar or stockpile applications.

PLAN5 FOR NEXT PERIOD

E fforts proposed for FY 1979 include further 
evaluation of coatings on test panels and small 
stock piles. An application system  capable of 
applying 10  gallons per minute of coating mix
will be constructed. A field  test on a stockpile
of up to  50,000 tons will be conducted. A
detailed  economic analysis based on data from  
the larger scale operations will be performed.

R-PO RTS PUBLISHED

None

PR EJECTED MILESTONES

•  September 15, 1978 — Final report on
the Phase I program (FY 1978)

ENVIRONMENTAL IMPLICATIONS OF ACID  
MINE DRAINAGE

ORGANIZATION AND CONTRACT NUMBER

W est Virginia University 
F Y -76-5-05-5261

PRINCIPAL INVESTIGATORS

A.W. Pappano
D.L. Gochenour, Jr.

OBJECTIVE

The ob jective of th is project is to develop a  
measurement of the secondary impacts to be 
expected from the w id e-sca le  acceptance and 
utilization of lim e neutralization as an acid mine 
drainage (AM D) abatem ent procedure on the 
Monongahela River.

APPROACH

The approach used to  achieve these objectives 
is as follows:

•  Establishment of mathematical models 
to e ffec tiv e ly  predict the effluent con
centrations from an AMD lime neutrali
zation  plant for cases where the 
influent data are com plete or only par
tia lly  available;

•  Establishment o f a  technique to deter
mine the lim e requirements of a neu
tralization  system  where influent data 
are com plete or only partially available;

•  Developm ent o f a computet Ized data 
base for storing and retrieving river 
flow  ch aracteristics, river quality, and 
w aste-load  characteristics on the river 
basin; and

•  Developm ent and use of a rive- fb w  
sim ulation m odel to examine the 
e f f e c t s ,  including secondary, on river 
quality for various AMD abatement 
scenarios.

A description of the lim e  neutralization model 
can be visualized by realizing tliat a typical 
AMD is characterised by concentrations of 
calcium , m agnesium , iron, aluminum, 
manganese, and sodium, usually in conjunction 
with sulfate anions and a t a  low pH. The basis 
of the m athem atical model is to consider the 
reactor em ployed in the neutralization process to  
be com pletely mixed and to  assume the aqueous 
reactions to occur very rapidly. In this manner, 
it  is feasonable to assum e that all chemical 
species will a tta in  an equilibrium state; thus, .he 
adoption of the name Ior:.c Equilibrium Model. 
In this m odel, the Davies relationship has been 
used to com pute the coeffic ien t relating the 
molal concentration of the particular ion with its

n



ionic reactive activ ity . It is also assumed that 
the activity coeffic ien ts for all single valence 
ions are equal, activ ity  coeffic ien ts f a  the non
ionized dissolved m olecules are u n ity , and lime 
(CaOH2 ) is added dry to  the process.

The data base and simulation m odel are being 
programmed in FORTRAN because that language 
is very common and relatively easy  to use. It 
also ensures that the form at of th e  results are 
compatible with related work being done by other 
State and Federal agen cies. Because the simula
tion model is designed to  provide dynamic condi
tions of the river basin, the data base contains 
(and retrieves for the simulator) such informa
tion as river m ile identification co d es , hydraulic 
data for the river basin, and w aste-load  data. 
Information from the data base w ill be translated 
and edited before it enters the simulator. 
Results from such treatm ents can be quickly 
viewed and evaluated without actually  incurring 
the time and expense o f doing th e work in the 
field.

PROGRESS AND RESULTS

Models for the prediction of efflu en t hardness 
levels have been developed and tested  for the 
cases where chem ical analysis o f AMD are com
plete or fragmented. Results in dicate that this 
chemical equilibrium model can be used to 
reasonably predict the rate of lim e usage and 
effluent hardness leve ls  to be expected  in the 
treatment of a specified  AMD. This model is 
now ready for inclusion into the river quality 
simulation model.

The data base for the Monongahela basin 
study area has been developed and updated with 
information on ( 1 ) the river basin characteristics 
and (2 ) waste-load and acid mine drainage points 
on the river. A mass balancing program has also 
been developed to blend together results from 
the modeling work discussed ab ove, the data 
base (river quality ch aracteristics), and the 
treatment alternative for reducing or eliminating 
the effects of the AMD problem. Together this 
material yields input to  the QUAL II simulation 
program, which predicts water q uality  as a result 
of efforts to treat the AMD problem. Alterna
tives are examined that project where treatments 
should be located on th e river, how much of the 
treatment should be used , and so  on, .to  yield 
the most c o s t-e ffec tiv e  solution to  treating AMD 
problems.

PLANS FOR NEXT PERIOD

The project will be com pleted during FY
1979.

T. Holland, A. Pappano, and D. Gochenour, 
"A QUAL II Simulation Analysis of Treating AMD 
Problems in the Monongahela River Study Basin," 
presented (and included in the proceedings) at 
the 1978 Winter Simulation Conference, Miami 
B each, Florida, December 4 -6 , 1978.

PROJECTED MILESTONES

•  January 1979 — Completion o f all 
computer runs

•  April 1979 — Final report

REPORTS PUBLISHED

ENERGY MATERIAL TRANSPORT SYSTEM 
CHARACTERISTICS AND POTENTIAL 

PROBLEMS NOV THROUGH YEAR 2000

ORGANIZATION AND CONTRACT NUMBER

P acific Northwest Laboratory
E Y -76-C -06-1830

PRINCIPAL INVESTIGATORS

J.G. D eSteese
G.W. Dawson
D.W. Fraley
H.E. Lippek

OBJECTIVES

The overall objectives of this project are to  
assess potential problems that may inhibit the 
sa fe  and environmentally acceptable developm ent 
of r .^ 'car and fossil energy material transporta
tion system s from  now through the year 2 0 0 0  and 
to recommend research, development, and other 
necessary action  to  mitigate the potential ad
verse impact o f these problems.

APPROACH

The identification  of and setting priorities 
among potential concerns were based on analysis 
of current system  trends, issues, and controver
sies relating to  the transportation of energy 
m aterials. Additional information and insight 
were gained from contacts with experts in the 
Government and in the private transportation  
secto r . Priorities were set by judging a  con
cern's potential severity and im m ediacy. The 
product of the severity and immediacy ranking 
was taken to  indicate the relative im portance 
and, hence, th e priority of each potential (..ob-
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lem . Three classes of priority distin-
guishedi

•  Serious concerns requiring action  now  
to  minimize their potential im pact in 
th e  next decade,

•  Moderate concerns requiring relatively  
sw ift  action to minimize their potential 
im pact later in the century, and

•  Latent concerns, which may change as 
conditions evolve but which appear to  
b e under control at present.

Recommendations w ere made for appropriate 
action to  address these potential problems accor
ding to their priority and the determination that 
they are not receiving adequate attention in 
other related programs.

PROGRESS AND RESULTS

Transportation system  characterization and 
problem assessm ents were com pleted for nuclear, 
coa l, petroleum , and natural gas energy sys
tem s. The areas o f concern that may require 
new program activ ity  are summarized in Table 3 
in the order of apparent priority.

Table 3. Potential Problem Areas in th e  Primary Energy Material Transportation Systems

Nuclear fuel dye1e' Coal Petroleum Natural Gas
Reasonable Radiation 

and Safety Standards

Acceptable Risk Policy

Railroad Attitudes

Cargo Security

Accident Response

Cask Integrity Relation
ships

Public Acceptance

Representation 1n Planning 
ana Decisionmaking

State and Local Regulations

Public Acceptance

Frozen Coal

Slurry Pipeline 
Impacts

Sludge Removal

Unit Train Rates

Liquid Fuel Slurries

Congested Waterways

Impacts of Marine 011 
Pollution

Environmental Impacts 
of Pipelines

011.-,pill Trajectories

Safety of Unit 011 
Trains

Tanker Size/Safety 
Relationships

Training of Waterway 
Personnel

Emergency Distribution 
Planning

Pipeline Sabotage

Waterway Congestion

Petroleum Industry 
Reorganization

Preemption

Federal Right of Eminent 
Domain

Deepwater Port Licensing

011 spll 1 Liability and 
Compensation

Pipeline Compata- 
billty With New 
Fuels

Emergency Distri
bution Planning

Effects of Natural 
Disasters
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The FY 1977 docum entation of these resu lts  
w as qpdated to provide a  FY 197S perspective on 
th e  identified  concerns. These results are being  
prepared for publication. Other tasks address 
s p e c if ic  w b lem s in m ore detail. These tasks in
clu d e selected regulatory and legal concerns, 
co a l sludge transportation t nuclear transportation  
lo g is t ic s , and synfuel developm ent.

PLANS FOR NEXT PERIOD

A continuing task is  planned to maintain the  
cap ab ility  of providing early warning and assess
m ent o f  concerns that may a ffect energy  
m ateria l transportation in the balance o f the 
cen tu ry . Other efforts planned for FY 1979 w ill 
address specific potential problem areas id en tified  
in th e FY 1978 p ro ject, with emphasis on 
nuclear fuel cycle lo g is tic s  and concerns in coal 
transportation.

REPORTS PUBLISHED

R .E . Rhoads, "An Overview of Transportation 
in  th e  Nuclear Fuel C y c le , "BNWL-2066, P a c ilic  
N orthw est Laboratory, May 1977.

J .C . LeSteese and R.E. Rhoads., "Identifica
tion  and Prioritization o f  Potential Problems in 
N uclear Material Transportation, Now Through 
2000,"  PNL-SA-6527, F ifth  International Sympo
sium on Packaging and Transportation of R adio
a c t iv e  Materials, Las V egas, N ev., May 7 -1 2 ,
1978.

J.G . DeSteese and A.L. Franklin, "Identifica
tion and Prioritization o f Concerns in Coal
Transportation, Now Through 2000,"
PN L -SA -6967, Symposium on Critical Issues in  
Coal Transportation S ystem s, Washington, D .C ., 
June 1 0 -1 5 , 1978.

J.G . DeSteese, e t  a l.,  "Energy M aterial
Transport, Now Through 2000, System Charac
te r is t ic s  and Potential Problems: Task 2 Prog
ress R eport — Coal Transportation," PN L-2420, 
P a c ific  Northwest Laboratory, June 1978.

J .C . DeSteese and C .A . G effen , "Energy
M aterial Ti^nsport, Now Through 2000, System  
C haracteristics and P otential Problems: Task 4
Progress Report — Natural Gas Transportation," 
P N L -2422 , Pacific N orthw est Laboratory, July
1978.

PROJECTED MILESTONES

The following m ilestones are expected to  t e  
com p leted  in FY 1978:

•  Nuclear task progress report

•  Petroleum task  progress report

•  Draft report on selected regulatory  
concerns

•  Draft report on potential problems in
synfuel transportation

ASSESSMENT OF ENVIRONMENTAL 
CONTROL OPTIONS FOR NOISE

ORGANIZATION AND CONTRACT NUMBER

Bolt Beranek and N ew m an, Inc.
EE-77-C-02-0389

PRINCIPAL INVESTIGATOR

D.N. Keast 

OBJECTIVE

The objective of th is study has been to  survey  
the developing energy technologies to determ ine  
the existing and/or anticipated  environmental 
'~ontrol needs for noise control. This survey has
ii fied  practical noise-control procedures 
and/or process m odifications to m itigate the  
impact of noise where appropriate. Essential 
products of the survey have been the id en tifica
tion of areas where ex istin g  environmental noise 
control is inadequate and the development of 
recommendations for program s to address such 
inadequacies.

APPROACH

Noise control experts in the various applicable  
technologies (e .g ., m ining, transportation, 
electric  power generation) have reviewed the  
literature on the em erging energy technologies  
for information on potential noise problems. The 
results of these surveys and measurements have 
been assessed to identify and rank any potential 
noise problems in order o f

•  Technical d ifficu lty  to  control or sup
press the n oise,

•  Importance to  the tim ely development 
of the pertinent energy technology, and

•  Urgency for developing control m ea
sures.
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Noise-research program s being conducted by 
other Government agen cies and by the industrial- 
educational sector have been screened for 
pertinence to DOE% areas of interest. Where 
necessary, programs for future u i s e  control 
research have been sig g e sted .

PROGRESS AND RESULTS

This project w as completed during FY 1978 
with the publication o f  the final report, DOE 
Report No. C O O -4389-1 , entitled "Noise Control 
Needs in the D eveloping  Energy Technologies." 
The report covers tw o  subject areas: one
sp ecific  and one gen era l. The sp ec ific  sii>ject 
area is an overview o f  the noise-oontrol problems 
faced  by the developing energy technologies and 
th e conclusions and recommendations made re
garding those problem s. The general area is 
tutorial material — th e language of acoustics,
noise and vibration progagation, noise receptors, 
and noise levels.

Recommendations for futtre technical work, 
in  order of priority, include

•  A program o f  research to im prove the
effic ien cy  o f ,  and reduce th e noise
output fr o m , (fraft fans for large
boilers;

•  Taking advantage of the synergism
offered by coordinating Federal pro
grams d irected  at building re tro fit for 
energy conservation with Federal pro
grams d irected  at building re tro fit for 
noise control;

•  A study o f  th e effects of steady noise
on human s leep , perhaps the most 
critical a lleg ed  health e ffe c t  o f  noise 
from fa c il it ie s  that operate 24 hours
per day;

•  A study o f  th e  noise characteristics of
wind-driven turbine generators, fo l
lowed, if  necessary, by research on
blade n o ise-con tro l design and siting
considerations to avoid fu tire  
com m inity  n o ise  problems;

•  Selected stud ies pertinent to  the 
e ffec ts  o f  n o ise on endangered sp ecies, 
because o f  th e  potential o f this un

known area for producing d elays in 
major programs;

•  Analyses o f and -.'evelopment a t  means
for econom ically controlling th e  noise 
from large ooo'uig tower installation! 
— often the major com m unity noise
source of energy-conversion facilities;  
and

•  Transfer of the technology ava ilab le  for 
jet-noise quieting to  the problem of 
noise from free-steam  venting a t  The 
Geysers and elsew here.

R esearch  programs based upon each  o f  these
tech n ica l recommendations are outlined.

Tw o procedural suggestions are a lso  discussed:

•  That DOE designate or id en tify  an
in-house s ta ff  resource to  offer
department-wide assistance on noise- 
control problems, upon request, and

•  That DOE prepare its own departm ent-
wide policy on guideline documents 
governing noise exposure from  DOE
projects.

A fin a l procedural recommendation involving a 
national defense consideration is discussed in a 
sep ara te  memorandum.

Following an introduction and a  description  of 
term inology, the noise souroe ch aracteristics of 
each  o f  the major developing energy technologies  
are discussed. In most cases , these sou rces are 
conventional and are amenable to  trea tm en t by 
conventional noise-control techniques w here re
quired. In some cases, the noise is  regulated  by 
various Federal agencies ( i .e . ,  rail transportation  
of c o a l ) ,  or various Federal or private agencies  
are already funding noise-control research in  the 
area ( i .e . ,  coal mining machinery). In th e  few  
in stan ces where a major existing or potential 
noise problem unique to  DOE'S in terests has been 
id en tifie d , this problem has been singled ou t and 
has le d  to the technical recom m endations men
tioned  above.

A  section is devoted to  a  tutorial discussion  
o f n o ise  and vlN’aticn propagation. The e ffe c ts  
o f n o ise  on people, anim als, stru ctu res, and
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equipment are a lso  presented. Physiological and 
psychological e f f e c t s  are sum m arized, as are 
current standards, regulations, and guidelines 
intended to  m itig a te  these e ffec ts .

PLANS FOR NEXT PERIOD

None

"Noise-Control Needs in th e  Developing 
Energy Technologies," C O O -43S9-1, Bolt Beranek 
and Newman, Inc.

PROJECTED MILESTONES

None

REPORTS PUBLISHED
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PETROLEUM AND Q A 8

This program is designed to achieve solu
tions to  short- and lon g-term  energy supply prob
lem s, taking into account th e  economic, environ
m en tal, and technological m erits of each aspect 
o f proposed potential energy solutions. High 
priority activ ities in FY 1978 specifically con
cerned the areas o f  liquefied gaseous fuels 

. (LG F), marine oilspill prevention and cleanup, 
and handling of w astew aters stemming from  
enhanced oil recovery and refining methods.

Liquefied gaseous fu e ls  contribute to  the 
Nation's energy inventory. The focus on this fuel 
cy c le  is to develop, in a  tim ely fashion, sa fety  
and environm ental control information required to  
ensure that potential s a fe ty  and environmental 
hazards associated with th is  energy technology 
can be adequately m itiga ted . This information 
will be available for use by industry, regulatory 
bodies, and the general public for making d eci
sions about these energy m aterials. The particu
lar fuels o f im m ediate interest are liquefied  
natural gas (LNG), liquefied  petroleum ga s, 
liquid hydrogen, and anhydrous liquid ammonia. 
Other m aterials are planned for later considera
tion. An important FY 1978 accomplishment was 
the publication of "An Approach to LNG Safety  
and Control R esearch,” which identified existing  
LGF information gaps.

DOE presently has a  major program for  
assessin g  the safety and environmental con tro l 
a sp ec ts  o f  handling, stor in g , transporting, and 
using liquefied gaseous fuels. H ow ever, a  
number o f  Federal ag en c ies , within both DOE 
and other departments, have related responsi
b ilit ie s  such that they w ill draw on the in form a
tion  b ase developed in th is program. T hese  
a g en cies  include the Federal Energy R egulatory  
C om m ission, Economic Regulatory Adm inistra
t io n , U nited States Coast Guard (USCG), O ffic e  
o f  P ipeline Safety R egulations, United S ta te s  
M aritim e Administration (M arAd), Federal R a il
road Administration, and National A eronautics  
and Space Administration (NASA). Further, th is  
cooperation  currently extends to in du stry , 
through the Gas Research Institute (GRI) and 
The F ertilizer Institute (TFI). The specific areas  
o f coordination and confunding for FY 1978 are  
shown in Table 4.

Under Section 6 (b )(3 ) (Q )  of the F ed eral 
N on-N uclear Energy R esearch and Developm ent 
A ct o f  1974, the Energy Research and D e v e l
opm ent Administration (E R D A ), and hence D O E , 
is authorized and directed to  establish program  
elem en ts and activities " . . .  to  improve m ethods  
for th e  prevention and cleanup of marine o il 
spills." As a consequence o f  this authorization,

Table 4. Industry and Government Coordination, Funding, and Cofunding of 
Projects o f Mutual Interest, FY 1978

DOE NASA « ! HirAo USCG TFI

Application of a wind tunnel 
to LNG vapor studies

coord fund coord

Safety aspects of gelled LNG cofund cofund

Research Instrumentation for 
detection of hydrocarbon 
vapors

cx>rd fund fund fund

Reduction of LNG tanker fire 
hazards

cofund cofund

Amnonla spill hazard studies coord fund fund
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Environmental Engineering (EE) has supported 
environmental control assessments in areas not 
already adequately covered by the Environmental 
Protection Agency (E PA ), U5CG, or other public 
and private e ffo r ts . At present ti.n e , these 
effo rts  are focused on spill control through the 
use of chem ical dispersants and cleanup by inno
vative m echanical means. As a result o f prelim
inary investigations sponsored by EE, it appears 
that some chem ical dispersants now prohibited by 
EPA m ay, in fa c t ,  be e ffec tive  under certain 
circum stances without excessive or long-lasting 
harm to the environm ent.

The EE program directed at the petroleum 
fuel cycle has focused on wastewater treatment 
options. S p ecifica lly , enhanced oil recovery

methods may have associated w aters contami
nated by oil and gas residues. Increased un>ier- 
standing of system s for separating th e organic 
w astes and spent chem icals from th e  brines and 
o f  methods for disposing of the brackish waters 
is  needed to realize the full p o ten tia l o f such 
techniques. In FY 197S, som e preliminary 
results were obtained in an assessm ent of 
membrane technology for cleaning such waters. 
Additionally, crude oil refining c r e a te s  contami
nated water that needs treatm ent b efo re  reuse or 
discharge to stream s. Significant progress was 
made in studying the efficacy o f using powdered 
activated carbon as a polishing step  for refinery 
wastewaters in itially treated in an  activated  
sludge system. A final report is  exp ected  in FY
1979.
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LIQUEFIED NATURAL G A S SPILL 
EFFECTS PROGRAM

ORGANIZATION AND CONTRACT NUMBER

Lawrence Livermore Laboratory
W -7405-ENG-W

PRINCIPAL INVESTIGATOR

W J. Hogan 

OBJECTIVES

The objectives of this program are to develop 
and verify an ensemble of m odels capable of pre
dicting the phenomena that occur when large 
amounts of liquefied natural gas are released to 
the environment. This w ill require analytical 
work and the collection o f sufficien t experi
mental data to establish useful scaling relation
ship: so that large-scale e f fe c ts  can be predicted 
using data from less than fu ll-s c a le  experiments.

APPROACH

The analytical approach is to  evaluate existing  
models and assem ble tht best o f  these into an 
initial ensem ble. MLsing p ieces will be 
developed and all parts will be integrated into a 
final ensem ble. The experim ental approach will 
involve development of s ite -se lec tio n  criteria  
based on preliminary assessm ents of the experi
mental needs. Candidate s ite s  for the scale  
effects experim ents will be evaluated, and 
recommendations will be m ade to DOE. A 
facility will be designed to  accomplish the 
experimental objectives reliably and safely, and 
construction will be supervised. A data collec
tion system will be designed and built. Finally, 
tests will be conducted and data  analyzed for 
comparison with models.

PROGRESS AND RESULTS

Site-selection  criteria have been developed, 
and 69 large federally owned facilities were 
evaluated. Nine final candidates were described; 
the recommended s ite ,  Frenchman Flat at the  
Nevada Test S ite , was ex ten sive ly  investigated 
and approvals were obtained. A four-level 
weather tower was erected to  begin collecting  
background weather data at th e  potential spill 
site.

A differential boil-off m odel was developer. 
Three existing dispersion m odels were obtained 
and adapted for use. Extensive analytical con

sultations w ere carried out with turbulence 
experts concerning numerical turbulence modeling 
for the LNG problem. Existing combustion and 
detonation m odels from the Lawrence Livermore 
Laboratory w ere adapted for LNG use. Facility  
design con cep ts were exam ined and compared, 
and a final design was se lec ted . Some detailed  
design work w as begun.

Various hydrocarbon concentr "ion sensor 
concepts w ere examined, and severe, were selec
ted for further evaluation. Some were studied 
analytically an d , in other c a s e s , sample sensors 
were obtained for extensive laboratory evalua
tion. A ser ie s  of seven dispersion tests was 
carried out a t the 5-cubic-m eter facility  at the  
Naval Weapons Center (China Lake, California), 
so that a fie ld  evaluation of the sensors could be 
performed. Six in situ and tw o remote sensors 
were evaluated in an array designed to test the 
various sensors' abilities to map the cloud and 
d etect d ifferen tia l boil-off and peak-to-m ean  
fluctuations.

PLANS FOR NEXT PERIOD

Five additional low-level weather stations will 
be deployed a t  the potential te st  site so that a 
com plete characterization of the basin can be 
accom plished. Further detailed  design work on 
the test fa c il ity  will be done and, as funds are 
available, construction work will begin. Holds 
will be placed on over $ 1  million worth of sur
plus equipment at the Nevada Test Site that 
could be used for the facility . Further work on 
the com puter models should produce a pre
liminary • version of a com plete ensemble of 
models by th e end of FY 1979. An experimental 
plan for the sca le  effects experim ents will be 
developed. Further instrument evaluation will 
take p lace, and a system for collecting data on 
40-cu b ic-m eter dispersion tests  will be developed 
and built.

Experiments designed to study detonations and 
rapid deflagrations in confined and partially con
fined situations will begin in temporary fa c ilities , 
and work m ay begin on a more permanent 
apparatus for carrying out these experiments. 
Instrumentation for studying flam e and pressure 
front propagation in a variety of circumstances 
will be developed.

REPORTS PUBLISHED

C.E. W alter e t  al., "Preliminary Site Criteria 
for Large S ca le  LNG Spill Experiments," UCID 
17628 and Appendix G of DOE/EV-0002, 
Lawrence Livermore Laboratory, October 1977 
and February 1978.
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J.L. Cramer and W.3. Hogan, "Evaluation of 
Sites for LNG SpUl Tests ,"UCRL-52320, 
Lawrence Livermore Laboratory, September 15,
1978.

Monthly and Quarterly Reports sent to DOE, 
Division of Environmental Control Technology.

PROJECTED MILESTONES

•  November 1, 1978 -- Installation of 
weather stations

•  December 1, 1978 -- Submittal of
interim reports on 5-cubic-meter test 
results and various modeling conclusions

•  April 1, 1979 — Beginning of confined 
detonation/rapid deflagration experi
ments

•  August 1, 1979 — Completion of
development of instrumentation system 
for 40-cubic-meter dispersion tests

•  September 30, 1979 — Completion of 
preliminary ensemble of models

DESIGN FOR MEDIUM-SCALE LIQUEFIED 
GASEOUS FUELS SPILL TESTS

ORGANIZATION AND CONTRACT NUMBER

Holmes tt Narver, Inc.
EY-76-C-08-0020

PRINCIPAL INVESTIGATOR

W.H. Jones

OBJECTIVES

The objectives of this study are to (1) 
evaluate the feasibility of and prepare cost 
analyses related to the siting of future work 
associated with the Liquefied Gaseous Fuels 
Safety and Environmental Control Assessment 
Program and (2) design a modification to the 
existing experimental test facility to increase 
spill rapacity to 40 cubic meters.

APPROACH

The contractor is using criteria jrovided by 
DOE and test experience gathered from the U.S. 
Naval Weapons Center during "small spill test" 
programs. Commercial equipment that exhibits

the latest state-of-the-art will be recommended 
in the development of facility design, estimated 
costs, and construction compilation schedules.

PROGRESS AND RESULTS

Several sites and experimental test facility 
designs have been prepared and reviewed. In 
consideration of both the time and the cost of 
this program, it was decided to modify the 
existing 5-cubic-meter experimental test facility 
at the Naval Weapons Center, China Lake, 
California. A design to upgrade the facility to a 
capacity of 40 cubic meters was initiated.

PLANS FOR NEXT PERIOD

The design will be completed for modification 
of the existing experimental test facility. 
Follow-on consultation will extend throughout the 
modification.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  February 1979 — Completion of design 
for modification

UQPEFIED NATURAL GAS WIND TUNNEL 
SIMULATION AND WSTRUMENTATION 

ASSESSMENTS

ORGANIZATION AND CONTRACT NUMBER

R&D Associates 
EE-77-C-03-1364

PRINCIPAL INVESTIGATOR

H.J. Carpenter

OBJECTIVES

The objectives of this project are to compile 
and assess pertinent existing data about liquefied 
natural gas (LNG) fires; review thoroughly the 
capabilities, deficiencies, characteristics, and 
costs of various devices used to measure perti
nent parameters of LNG tests (e.g., liquid 
depth, gas concentration, temperature, radia
tion); prepare a list of criteria for use in selec
ting sites of future LNG experiments; and assess 
the usefulness of wind tunnel modeling studies in 
evaluating the effects on vapor dispersion of 
facility-control measures and terrain.
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APPROACH INTEGRATED LNG SAFETY AND
CONTROL PROGRAM

The approach used to achieve these objectives 
is to sirvey available records and current re
search to obtain data, and then to draw on 
expertise within R&D Associates for analysis and 
assessment.

PROGRESS AND RESULTS

A significant data base exists only for pool 
fires on confined land areas; some data are 
becoming available on pool fires on water. 
Radiosity is dependent upon vertical position 
within the flame. Desirable properties of a test 
site, in addition to nearness of an LNG supply, 
are a relatively level area where both land and 
water spills can be studied and a range of wind 
speeds, temperatures, and humidity can be 
determined. Wind tunnel modeling of gravita
tional effects of LNG clouds is well established 
as an economical and convenient technique.

A major limitation to existing meteorological 
wind tmnels is the small size of the working 
areas. Wind tunnels can be useful in planning 
instrumentation layouts. Flow visualization tests 
show that simulated LNG vapor can flow signifi
cant distances upwind down a 2-percent slope; in 
the presence of a slope, the vapor cloud struc
ture shows large variability. No available 
methane concentration sensors have the required 
time resolution and insensitivity to atmospheric 
water vapor, water ckoplets, and dust needed for 
field tests. Infrared analyzers, Raman scattering 
devices, and thermocouples all show promise as 
concentration sensors but require further investi
gation to define their capabilities and costs. No 
adequate testing apparatus suitable for establish
ing the dynamic response of sensors in an LNG 
vapor environment are known to exist.

PLANS FOR NEXT PERIOD

Project completed.

REPORTS PUBLISHED

Carpenter et ah, "Liquefied Natural Gas Wind 
Tunnel Simulation and Instrumentation Assess
ments," NTIS SAN/W-1364-01, R&D Associates, 
April 1978.

PROJECTED MILESTONES

None

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory
EY-76-C-06-1830

PRINCIPAL INVESTIGATOR

R.3. Hall 

OBJECTIVES

The objectives of this project are to (1) 
conduct research and development in specific 
areas (principally release prevention and control 
studies) of the DOE Integrated LNG Safety and 
Control Program and (2) provide assistance to 
DOE/ECT in the planning and technical surveil
lance of the program.

APPROACH

The approach used in studying the release 
prevention and control aspects of liquefied 
natural gas is to systematically identify weak 
points, if any, in the various industry opera
tions. Studies would then be initiated to further 
define these areas and identify possible methods 
for upgrading the safety, if necessary. Identifi
cation of weak points is accomplished by devel
oping generic descriptions of LNG facilities and 
operations (import terminals, peak shaving 
plants, satellite plants, ships, and truck 
tankers). An analysis jf their release prevention 
and control aspects is then made using a safety 
analysis technique consistent with the knowledge 
of the system (e.g., if the system knowledge and 
data are adequate, the sophisticated fault tree 
and event tree methodologies could be used). 
The approach used in providing program planning 
and technical surveillance assistance involves sur
veillance of pertinent technical literature and 
conduct of special reviews and studies as re
quested by DOE/ECT.

PROGRESS AND RESULTS

A generic description of an LNG peak shaving 
plant was developed and used in c. preliminary 
analysis of the release prevention and control 
aspects of this type of facility. Definition of 
the next step in the analysis is in progress. 
Development of a generic description of an LNG 
import terminal is also in progress.
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Substantial support was provided to DOE/ECT 
in preparation of a report entitled "An Approach 
to Liquefied Natural Gas Safety and Environ
mental Control Research," DOE/EV-0002, and 
studies of possible methods of implementing the 
required work were conducted. In addition,
quarterly updates containing abstracts of recent
and ongoing LNG safety and control related 
studies by other organizations were prepared.

PLANS FOR NEXT PERIOD

The generic descriptions and preliminary
analyses of the release prevention and control 
aspects of the various types of LNG facilities 
will be completed, and more detailed analyses 
will be initiated. Further assistance in technical 
surveillance will be provided.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  December 1978 — Interim report

•  September 1978 — Completion of pre
liminary assessment of release preven
tion and control aspects of LNG facili
ties

SCALE EFFECTS *1 LIQUEFIED NATURAL 
GAS HAZARD ANALYSIS AND TESTING

ORGANIZATION AND CONTRACT NUMBER

Department of Mechanical Engineering 
Massachusetts Institute of Technology 
E (11 -1)-EE-77-S-02-M04

PRINCIPAL INVESTIGATOR

3.A. Fay

OBJECTIVE

The overall objective of this study is to 
determine the methods for reliable extrapolation 
of liquefied natural g»s spill phenomena to very 
large spill volumes and rates, focusing attention 
on those physical effects that are significant in 
evaluating field tests or undertaking hazard and 
risk analyses. In particular, the usefulness and 
validity of fluid mechanical, thermodynamic, and 
meteorological models will be assessed with 
respect to their ability to correlate field data

and permit reliable extrapolation to larger scale 
spills.

APPROACH

A field test, or a typical spill scenario, de
fines a series of processes (liquid LNG spread, 
boiling, vapor cloud or plume formation and 
spread, atmospheric mixing, ignition, flame prop
agation, etc.) which are, to some degree, 
simultaneous, each of which can be modeled by 
fluid/thermodynamic models of various levels of 
complexity. Various models that have been sug
gested, or that will be developed, will be exer
cised to delineate the effect of scale, as meas
ured principally by spill size, so as to understand 
the relative importance of the various processes 
and the assumptions used in the models.

PROGRESS AND RESULTS

A major effort was the derivation of a gray 
gas model for determining the thermal radiation 
from the unsteady combustion of fuel vapor 
clouds burning in the "fireball" mode. The model 
uses a previously derived and tested scaling law 
for the fluid mechanical mixing and burning pro
cess, together with a thermodynamic model for 
describing the temperature evolution with time in 
the gray gas flame. Comparison with small-scale 
experiments in methane, ethane, and propane 
provide empirical information on the gray gas 
absorbtivity, and some indication of how the 
thermal radiation can be scaled to larger sizes. 
In general, the model results are consistent with 
observations of radiation for very large scale 
fires.

Initial steps were taken to devise a simplified 
vapor cloud fluid mechanical model that is less 
complex than the three-dimensional, unsteady 
computer models that others are investigating. 
The model uses an integral in the vertical direc
tion (removing the numerically troublesome 
parabolic turbulent diffusion term), thereby re
ducing the number of independent variables by 
one and rendering the equations hyperbolic and 
therefore suitable for solution by the method of 
characteristics. Possible consequences of this 
level of sophistication are in the process of being 
investigated.

PLANS FOR NEXT PERIOD

Principal emphasis will be on the development 
of prototype one- and two-dimensional steady 
and unsteady models of vapor cloud motion, 
comparison of their results with more sophis
ticated nodel calculations where appropriate, and



determination of the effects of spill size as 
evidenced by the model analysis.

REPORTS PUBLISHED

D.H. Lewis, Jr., "The Combustion of Uhcon- 
fined Vapor Clouds Burning in a Fireball Con
figuration," Ph.D. Thesis, Massachusetts Institute 
of Technology, Cambridge, Mass., September
1977.

G.J. Desgroseilliers, "Radiation from Burning 
Hydrocarbon Clouds," M.S. Thesis, Massachusetts 
Institute of Technology, Cambridge, Mass., 1978.

PROJECTED MILESTONES

None

LIQUEFIED GASEOUS FUELS EXPERIMENTAL 
SPILL TESTS

ORGANIZATION AND CONTRACT NUMBER

U.S. Naval Weapons Center 
Interagency Agreement

PRINCIPAL INVESTIGATORS

C.D. Lind 
J.C. Whitson

OBJECTIVE

The objective of this program is to provide 
background analyses and planning assistance and 
conduct experimental field tests of liquefied 
gaseous fuels to determine the hazard extent of 
vapor clouds, pool fires, and vapor cloud fires 
resulting from release on both land and water.

APPROACH

The approach employed uses existing or im
proved mathematical models as well as wind 
tunnel predictions to design the experiments 
(ranging in size from 5 to 40 cubic meters), 
estimate data needs, and predict experimental 
results (e.g., extent of vapor cloud travel). 
Characteristics of flame propagation have been 
identified to aid in determining if deflagration or 
detonation occurs.

PROGRESS AND RESULTS

For the past 6 years, the Naval Weapons 
Center has been investigating the fire and explo

sion hazards of liquefied fuels. This work was 
supported originally by the U.S. Coast Guard and 
more recently also by the Department of Energy, 
Environmental Control Technology Division. 
During this program, an experimental test 
facility was fabricated to spill up to 5 cubic 
meters of liquefied fuel onto a pond to study the 
combustion or dispersion of the resulting vapor. 
The facility has been used to conduct 21 spills of 
liquefied natural gas (LNG), 8 spills of liquefied 
petroleum gas (LPG), 1 spill of ga'oiine, and 1 
spill of liquid nitrogen. LNG test numbers 12 
through 21 were funded by the Department of 
Energy and the U.S. Coast Guard (with funds 
from the Gas Research Institute (GRI)).

The object of test numbers LNG 12, 13, and 
14 was to obtain radiometric measurements to 
determine if the flames observed were optically 
thick (i.e., had reached a diameter such that 
increased flame thickness did not result in in
creased radiation from a unit area of flame). 
Test numbers LNG 15, 16, and 17 were down
wind v ipor ignition tests performed to obtain 
vapor combustion characteristics and radiometric 
measurements to compare with the pool fire 
measurements. Test numbers LNG 18 through 21 
were performed to determine downwind vapor 
dispersion characteristics and evaluate concen
tration monitoring instrumentation. Ig...tion was 
not planned (and none occurred). Test number 
LNG 19 was performed after dark to evaluate an 
instrument that was adversely affected by day
light (RAMAN LIDAR).

Initial planning for modifying the experimental 
test facility to conduct spills of up to 40 cubic 
meters has been completed.

PLANS FOR NEXT PERIOD

During the next period, the final design for 
the modification of the experimental test facility 
will be completed. Background analyses and test 
program planning will be coordinated with GRI- 
sponsored wind tunnel studies.

REPORTS PUBLISHED

C.D. Lind and J.C. Whitson, "Explosion 
Hazards Associated with Spills of Large Quanti
ties of Hazardous Materials, Phase I," NTIS AD 
A001242, U.S. Naval Weapons Center for U.S. 
Coast Guard Office of Research and Develop
ment, October 1974.

C.D. Lind and J.C. Whitson, "Explosion 
Hazards Associated with Spills of Large Quanti
ties of Hazardous Materials, Phase II," NTIS AD
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A047585, U.S. Naval Weapons Center for U.S. 
Coast Guard Office of Research and Develop
ment, November 1977.

C.D. Lind and J.C. Whitson, "China Lake Spill 
Tests," U.S. Naval Weapons Center progress 
report for U.S. Department of Energy, Environ
mental Control Technology Division, in press.

PROJECTED MILESTONES

•  February 1979 — Completion of design 
for facility modification

•  September 1979 — Completion of modi
fication of experimental test facility 
(up to W cubic meters)

•  October 1979 — Initiation of 10- to 
40-cubic meter LNG spill tests

ATMOSPHERIC METHANE DETECTION

ORGANIZATION AND CONTRACT NUMBER

Department of Mechanical Engineering
Massachusetts Institute of Technology
EE-77-S-02-W7

PRINCIPAL INVESTIGATOR

C.F. Dewey 
OBJECTIVE

The objective of this study is to assess three 
different measurement concepts for an inexpen
sive, accurate, reliable, and rapidly responding 
instrument for measuring the atmospheric concen
tration of methane. For each of the concepts, 
quantitative data will be obtained on the 
response times, accuracy, and concentration 
ranges over which the technique is useful. 
Emphasis will be placed on conditions representa
tive of those that would be encountered in field 
tests of the dispersion of vapors from liquefied 
natural gas spills.

APPROACH

The approach has involved building breadboard 
models of several feasible systems and measuring 
the response parameters as they are affected by 
various factors in the laboratory so that credible 
extrapolations may be made for field use.

Assessment oi the concepts and preliminary 
designs showed a dual wavelength laser system to 
be clearly more advantageous than a single wave
length laser system or an optoacoustic system. 
Further testing and design modification were 
done for this method. Laboratory experiments 
showed that hydrocarbon concentration as 
measured by this system was essentially insensi
tive to the presence of fog over a range of 100- 
to 1-percent methane. A self-contained portable 
unit is now being assembled: weight, 120
pounds; width, 17 inches; length, 33 inches; and 
height, 20 inches.

PLANS FOR NEXT PERIOD

Complete and issue final report.

REPORTS PUBLISHED

Robert M. Russ, Jr., "Detection of Atmos
pheric Methane Using a Two-Wave Length HeNe 
Laser System," M.S. Thesis, Massachusetts Insti
tute of Technology, Cambridge, Mass., June 
1978.

PROJECTED MILESTONES

•  June 1979 — Final report

PROGRESS AND RESULTS

EVALUATE FEASIBILITY OF METHODS AND 
SYSTEMS FOR REDUCING LNG TANKER 

FIRE HAZARDS

ORGANIZATION AND CONTRACT NUMBER

Arthur D. Little, Inc.
EP-78-C-02-473<»

PRINCIPAL INVESTIGATOR

D.S. Allan 

OBJECTIVE

The objective of this task is to identiy and 
evaluate new and novel concepts for reducing the 
hazards presented by liquefied natural gas tanker 
transits within U.S. navigable waters. It is to 
consist of a preliminary assessment of the tech
nical and economic feasibility of the concept, 
that are identified.
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APPROACH

Analyses will be performed to establish the 
feasibility of methods for significantly reducing 
fire hazards that may be caused by major LNG 
tanker accidents. The fires to be considered are 
those that could be a'used by discharges of large 
quantities of LNG into the water resulting from 
the breaching of one or more shipbourne LNG 
containers or from a major failure in a ship-to- 
shore transfer line during offloading. Fire hazard 
reduction methods to be considered include those 
that may decrease the size of the fire; furnish 
protection for the ship and crew from the 
thermal effects of the fire; and provide a means 
for removing the remaining cargo from a badly 
damaged, disabled tanker.

PROGRESS AND RESULTS

are being analyzed. The results of this analysis 
will be used to formulate and identify methods 
of protecting the crew and vulnerable and criti
cal components of the tanker.

Methods of disposing of the LNG cargo from 
a disabled tanker have been identified and 
assessed. Accident scenarios have been formula
ted, and the varying conditions of damaged and 
disabled tankers have been considered. A number 
of options for disposing of the LNG cargo, inclu
ding jettisoning, venting, flaring and combustion, 
transfer, and combinations thereof, are being 
evaluated. Problems such as pumping and trans
ferring cargo, the availability of cargo-receiving 
vessels, and the towing of disabled tankers are 
also being considered in this study.

PLANS FOR NEXT PERIOD

As an initial step in identifying and evaluating 
methods of reducing fire hazards, analytical 
methods have been developed and used to esti
mate changes in thermal hazards resulting from 
decreases in quantities of LNG spilled and in the 
rate at which LNG is discharged during an acci
dent. The reduction in distance from the site of 
the spill at which thermal hazards may occur for 
both LNG pool fires and un ignited vapor clouds 
has been estimated. Spill volumes from 1,000 to 
100,000 cubic meters and spill rates from instan
taneous to that requiring a 30-minute spill time 
have been considered. The primary measures of 
hazard distances, for purposes of comparing 
hazard reduction methods, are thermal fluxes 
from pool tires that may cause second-degree 
burns and the downwind distance and width for 
unignited vapor clouds.

A literature search has been completed, and 
initial contacts have been made with shipbuilders 
and agencies and others, as the first step in 
identifying methods of reducing the rate and 
quantity of LNG spilled as thr result of an acci
dent. Different methods are being analyzed of 
compartmenting shipborne LNG containers or 
increasing the number of containers so that the 
amount spilled from individual containers during 
an accident would be decreased. Other methods 
of reducing LNG tanker fire hazards that are 
currently being considered include shipping the 
LNG in the form of a gel and either as slush or 
as a solid. These methods may help to reduce 
the rate of outflow from damaged containers 
and, perhaps, the evaporation rate of the LNG 
that is spilled into the water.

The thermal exposire and effects of an LNG 
fire on the LNG tanker itself and on its crew

A preliminary evaluation of the costs 
associated with the different methods of reducing 
the risks associated with LNG tanker spills will
complete this task, and a draft final report will
be issued.

REPORTS PUBLISHED

P.K. Raj, "A Criterion for Classifying 
Accidental Liquid Spills Into Instantaneous and 
Continuous Types," Combustion Science and 
Technology.

PROJECTED MILESTONES

•  October 31, 1978 — Methods of redu
cing the magnitude of the fire

t  November 15, 1978 — Thermal protec
tion of tanker and crew

•  January 1, 1979 -- Cargo disposal or 
salvage

•  August 1, 1979 -- Final report (draft)

STUDY OF GELLED LIQUEFIED 
NATURAL GAS

ORGANIZATION AND CONTRACT NUMBER

Aerojet Energy Conversion Company 
EP-72-C-03-2057

PRINCIPAL INVESTIGATOR

M.I. Rudnicki
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The objective of this program is to investi
gate the feasibility of using gelled liquefied 
natural gas to solve many of the environmental 
and safety problems associated with the transpor
tation and storage of LNG. Potential safety 
advantages of gelled LNG will be examined, and 
the practicality of LNG gelation on an industrial 
scale will be studied.

APPROACH

The program involves gel characterization, 
optimization, safety tests, preliminary design of 
an industrnl-scale gelation system, and a preli
minary economic assessment of the gelation pro
cess. LNG gels of varying gelant concentration 
using both water and methanol as gelants will be 
prepared and characterized. Selected LNG gels 
will be used in safety comparison tests with 
LNG. Based on parameters obtained from the 
tests, a preliminary design will be made for an 
industrial-scale gelation system, which will pro
vide the basis for an economic assessment of 
LNG gelation.

PROGRESS AND RESULTS

Several methane gels of various gelant con
centration using water gelant hive been pre
pared. One such gel is pictured in Figure 32. 
These gels have been characterized according to 
yield stress to provide initial baseline data for

OBJECTIVE

Figure 32. Methane Gel Sample

subsequent LNG gels. Work is proceeding on the 
fabrication of hardware for further gel charac
terization.

PLANS FOR NEXT PERIOD

LNG will be gelled using various concentra
tions of both water and methanol gelants. These 
gels will be characterized with legard to yield 
stress, viscosity over a range of shear rates, 
fiow characteristics under varying heat flux con
ditions, boil-off rates under varying heat flux 
conditions, and aging characteristics. The data 
acquired from these tests will provide the basis 
for selection of appropriate gels for use in safety 
tests.

The safety tests to be run include 5-gallon 
spill tests on land and water, leakage rate tests, 
and boil-off rate determinations. The tests will 
be run with appropriate LNG gels and ungelled 
LNG for comparison purposes. Based on the 
experimental results, a preliminary industrial- 
scale gelation system will be designed and an 
economic assessment of industrial-scale gelation 
made.

REPORTS PUBLISHED
%

None

PROJECTED MILESTONES

•  January 1979 — Completion of gel 
characterization

•  February 1979 — Completion of small- 
scale safety evaluation test

•  March 1979 — Completion of prelim
inary economic assessment

BOILING OF LIQUEFIED PETROLEUM GAS 
ON WATER

ORGANIZATION AND CONTRACT NUMBER

Department of Chemical Engineering 
Massachusetts Institute of Technology 
EE-77-S-02-4508

PRINCIPAL INVESTIGATORS

R.C. Reid 
K.A. Smith
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OBJECTIVES PRINCIPAL INVESTIGATORS'

The objectives of this task are to (1) mea
sure the rate of boiling (and spreading) of lique
fied petroleum gas on water, (2) measure the 
fractionation that results, and (3) model the 
process and compare theoretical predictions with 
experimental results.

APPROACH

Scale spills of liquefied petroleum gas are 
made in the laboratory in both confined and un
confined modes, and the rate of vaporization is 
measured for different types of spills with 
different initial composition and for different 
water conditions.

PROGRESS AND RESULTS

Unconfined spill tests of liquefied petroleum 
gas in water were completed. The boil-off rates 
were correlated with a theoretical, one- 
dimens:onal, moving boundary model.

PLANS FOR NEXT PERIOD

Spills of liquefied petroleum gas on water in 
an uncorfined mode will be conducted, and the 
rate of boiling and spreading will be measured.

REPORTS PUBLISHED

"Confined Boiling Rates of Liquefied Petro
leum Gas on Water," NSF/DOE Report 
HCP/P4548-01, May 1978.

R.C. Reid and K.A. Smith, "Behavior of LPG 
on Water," Hydro. Proc., Vol. 57, No. 4, p. 
117, 1978.

PROJECTED MILESTONES

•  August 1980 — Completion of project

ASSESSMENT OF ACTIVATED CARBON FOR 
ENVIRONMENTAL CONTROL OF TRACE 
ORGANICS IN PETROLEUM REFINERY 

WASTEWATER

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory 
W-31-109-ENG-38

W. Harrison
R.D. Flotard

OBJECTIVES

The objectives of this study are to estimate 
dollar costs and energy impacts for removal of 
trace organics by (1) granular activated cerbon 
(GAC) in a continuous flow-through system and 
(2) powdered activated carbon (PAC) fed to an 
activated-sludge system, where either treatment 
option is in addition to 1983 best-available- 
treatment-economically-available model require
ments.

APPROACH

Attainable trace organic removal levels for 
any given refinery are based on Argonne National 
Laboratory (ANL) data from a Class-B refinery 
that met wastewater best-practicable-control- 
technology-currently-available model requirements 
in 1977. Scaling is done by assuming that the 
same percent chemical oxygen demand or total 
organic carbon must be removed as was removed 
at the Class-B refinery to achieve a like trace 
organics removal level. Cost information 
developed from industrial wastewater treatment 
experience with activated carbon systems and 
design experience from petroleum refinery waste
water treatment plants are used to estimate the 
costs of adding a GAC system, including 
granular-media filtration and carbon regenera
tion, to the Class-B refinery that was used by 
ANL to evaluate the performance of GAC for 
removal of trace organic compounds. In addi
tion, the costs of the PAC modification of this 
refinery's activated sludge system are estimated 
for comparison with the GAC system costs, using 
the performance basis mentioned above.

PROGRESS AND RESULTS

A draft report has been prepared and is 
undergoing review.

The estimated capital cost of adding a com
plete GAC system to the Class B refinery for 
effluent polishing is $6,800,000 (1977 basis), in
cluding the cost of granular-media filtration. 
The annual operating and maintenance costs for 
the GAC system for this refinery are estimated 
to be $826,000. The capital cost of the PAC 
system designed to achieve the same effluent
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quality in terms of trace organics is $2,622,000. 
The estimated annual operating and maintenance 
cost of the PAC system alternative is $761,000. 
Based on this comparison, the PAC modification 
to the activated-sludge process appears to offer 
clear economic advantages over the GAC 
system. However, this assumes that PAC can 
provide the equivalent level of performance for 
removal of specific refractory organics as 
demonstrated by the GAC system, and this has 
not yet been proven. In the present comparison, 
it has been necessary to design a PAC system 
operating at essentially the maximum level of 
performar.ee demonstrated for the removal of 
traditional pollutants; this also requires using 
some restraint in making a direct comparison 
between the two cost estimates.

The cost assessment for the GAC and PAC 
systems for the model refinery are next extrap
olated to the entire industry. This was done 
using data collected in 1977 on wastewater flow 
rates for all petroleum refineries in the United 
States. This approach requires the following 
assumptions: (1) all biological treatment plants
use the activated-sludge system; (2) the 
differences in biological-effluent refractory 
organics between refineries are not significant 
with respect to adsorbability by carbon, and (3) 
carbon will remove specific organics to the same 
extent as was demonstrated at the model 
refinery. None of these assumptions is strictly 
true; however, for purposes of a gross extrap
olation, they are considered to be adequate. On 
this basis, the estimated capital costs for 
applying GAC technology nationwide to petroleum 
refinery effluents is $445,460,000, and the 
associated annual operation, maintenance, and 
amortization costs are $127,320,000. The cor
responding capital costs for applying PAC tech
nology are $172,030,000, with total annual costs 
of $82,620,000. Actually, a large number of 
existing treatment plants are not of the 
activated-sluge type, so the nationwide estimates 
of cost for PAC technology are inderstated.

The estimated annual industrywide energy re
quirement for add-on GAC is 1.365 x 10^ kWhe, 
which is equivalent to 2.354 x 10& barrels of 
crude oil or 0.0441 percent of the annual 
throughput of the U.S. petroleum refining indus
try. Corresponding figures for the PAC option 
are 305.3 x 10*> kWhe, which is equivalent to 
5.259 x 105 barrels of crude oil or 0.00986 per
cent of the annual throughput of U.S. crude oil.

PLANS FOR NEXT PERIOD

None. The project will be concluded this 
year.

F. Pfeffer, W. Harrison, and L. Raphaelian, 
"Organics Reduction Through Add-On Activated 
Carbon at Pilot Scale," Proceedings of the 
Second Open Forum on Management of Petroleum 
Refinery Wastewaters, pp. 403-418, 1977, in 
press.

L. Raphaelian and W. Harrison, "Trace 
Organics Variation Across the Wastewater Treat
ment System of a Class-B Refinery," and "Esti
mate of Removal of Refractory Organics by 
Add-On Mixed-Media Filtration and Granular 
Activated Carbon at Pilot Scale," DOE/EPA 
Interagency Energy/Environment R&D Program 
Rept. EPA-600/7-78-125, Argonne National 
Laboratory, 1978.

PROJECTED MILESTONES

None

REPORTS PUBLISHED

BURNING OF OILSPILLS

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory 
EY-76-C-1830

PRINCIPAL INVESTIGATORS

C.H. Thompson
G.W. Dawson 
J.L. Goodier

OBJECTIVES

The objectives of the program are to deter
mine the state of knowledge of combustion as a 
means of mitigating oilspills and ultimately to 
identify the required program for development of 
oilspill combustion technology. The generic term 
"burning" is employed to cover three discrete 
options for combustion: unrestricted burning,
controlled or confined burning, and incineration. 
Primary emphasis is on the first two options as 
they apply to use on oil slicks and residual oils 
in the tanks of standard naval vessels.

APPROACH

The work is being performed through the 
development of a model of the combustion pro
cess as applied to oilspill situations. Input for 
the modeling is derived from a review of world
wide studies, past spill incidents where combus
tion was attempted, and related technology.
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initial data collection efforts are focused through 
dynamic interaction with a generic model identi
fying the key limiting factors that determine the 
feasibility of initiating and sustaining combus
tion. As the mechanisms relating these factors 
are elucidated, they are quantified and ulti
mately built into a mathematical model of the. 
process. The product model will then be 
employed to evaluate the feasibility of combus
tion for different sets of spill circumstances as 
well as the potential for proposed combustion 
aids.

PROGRESS AND RESULTS

An annotated bibliography has been developed 
summarizing world literature on the burning of 
oilspills and residual cargo in the tanks of 
stranded vessels. The findings of these reports 
as well as results of ongoing studies have been 
combined and synthesized into a summary docu
ment on oil-burning technology. This document 
includes a generic model of the oil-burning pro
cess identifying key parameters affecting the 
feasibility of initiating and sustaining a bum. 
Controlling factors are those related to volatili
zation of petroleum constituents for combustion. 
These are intimately tied to the amount of vola- 
tiles in the original crude (the type of oil 
spilled), the time and conditions between spillage 
and ignition (weathering), and heat loss to the 
water column.

PLANS FOR NEXT PERIOD

Efforts will focus on construction of a revised 
mathematical model to describe the oil-burning 
process and expansion of the technology sum
mary. The new segments will include a prelimi
nary investigation of promising technology to fill 
Raps identified during the study. These will be 
keyed to the controlling parametric factors iden
tified in achieving a successful burn. An outline 
will also be developed to describe the research 
program needed to optimize burning as a spill 
response.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  May 1979 — Topical report reviewing 
firefighting experiences and their 
relevance to oil burning

•  ' August 1979 — Topical report review
ing case histories of spills where burn

ing was attempted and evaluating the 
factors influencing success or failure

•  September 1979 — Final report 

OILSPILL TRAINING SCHOOL

ORGANIZATION AND CONTRACT NUMBER

National Spill Control School
Corpus Christi State University
EY-76-S-05-4995

PRINCIPAL INVESTIGATOR

R.E. Gilchrist 

OBJECTIVE

The objective of this program is to provide a 
trained manpower base to respond to the needs 
of the Nation in controlling the problems created 
by oilspills. To reach this objective, the past 
year's work has centered on the introduction of 
an oilspill training school, which will provide 
instruction and experience to key personnel of 
companies, organizations, and Government units 
to effectively and adequately contend with oil
spill emergencies.

APPROACH

The program is directed toward oilspill 
cleanup rather than prevention. However, the 
subject of prevention will prevail throughout the 
topical presentations because it is believed that 
this is the foundation of any spill response pro
gram. Personnel from Government and the 
private sector will be provided with instructional 
data to effectively and adequately contend with 
an oilspill.

PROGRESS AND RESULTS

During the past year, using the training aids 
(both visual and written) and lesson plans devel
oped previously mder this contract, the Oilspill 
Control Course was implemented and its useful
ness was evaluated. During this year,the presen
tations have been refined and new material has 
been added as the state-of-the-art of oilspill 
control has been developed. Three practice 
sessions were held, including one attended by a 
cross section of personnel recognized nationally 
as knowledgeable in the field of oilspill control. 
After modifications were made in the course 
presentation resulting from appraisal of the prac
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tice sessions, a aeries of classes was conducted 
to test the curriculum against the criteria of the 
overall objective. To date, 12 scheduled classes 
have been held with total attendance of 114. 
Sixty of these attendees have been from various 
national, local, and State Governments; 19 from 
the oil industry; 20 from industries; and 15 from 
other interested parties. Attendees have come 
from 16 states, Canada, and Malta.

PLANS FOR NEXT PERIOD

Testing of the program will continue for the 
next year. During this period, it is planned to 
conduct a minimum of 12 classes for which a 
broad cross section of students will be re
cruited. Evaluation of the results of this period 
together with those from the past year will pro
vide a data base for determination of the success 
of meeting the overall objective of this program.

REPORTS PUBLISHED

None

PROJECTED MILESTONES 

None

ASSESSMENT OF TREATED VERSUS 
UNTREATED OILSPILLS

ORGANIZATION AND CONTRACT NUMBER

University of Rhode Island 
EY-76-5-02-4047

PRINCIPAL INVESTIGATOR

M.P. Wilson, Jr.

OBJECTIVE

The objective of this study is to determine 
the practicability and feasibility of treating oil- 
spills with disper sants to mitigate the impact of 
the spill on the environment.

APPROACH

A holistic approach is used that combines the 
physical, chemical, microbial, and macrofauna 
response to a spill treated with disper sants and 
compares this with spills that are left un
treated. The program integrates mathematical, 
laboratory, mesoscale, and in situ experiments

and analyses to determine if the use of disper s- 
ants is an effective oilspill response tool.

PROGRESS AND RESULTS

This is the second year of support to the 
Environmental Control Technology Division of the 
Department of Energy. The program outlined in 
the original proposal of April 1976 consisted of 
three phases. Phase 1 was a feasibility study, 
designed to (1) thoroughly investigate the nature 
and extent of the problems for assessing the 
advantages and disadvantages of treated versus 
untreated oil spills, (2) resolve the critical 
experimental problem areas anticipated in the 
mesoscale-type experiments to be conducted in 
Phase II of the program, and (3) analyze the 
system concepts for in situ tests to be conducted 
in Phase III. Phase III was also to include 
response to spills of opportunity. The primary 
objectives of Phase 1 have been achieved. In 
addition, the University of Rhode Island inter
disciplinary team responded to three spills of 
opportunity: Argo Merchant; Buzzards Bay; and
West Hack Derry, Louisiana.

The program includes an investigation into the 
effects of realistic concentrations of oil and oil- 
dispersant mixtures on marine life. Some
interesting preliminary results have emerged. 
The lethal tests on oil and oil-dispersant mix
tures are in agreement with other investigators 
and support the contention that disper sants make 
the oil more readily available to the organisms 
and that, consequently, high mortality rates 
could be expected. However, the sublethal
effects, which more closely correspond to the 
time concentrations found in the mesoscale tests, 
show a completely different picture. These re
sults, measured as a response to predators,
showed that the treated oil-dispersant mixtures 
had less effect than the untreated oil. More 
research will be conducted in this area through
out the remainder of the project.

An oilspill fates model, designed to correlate 
and interpret the implications of the experi
mental results of the entire program, is near 
completion. This model is the core of the pre
dictive scheme presented in Figure 33 and incor
porates most known naturally occurring processes 
(Figure 34) as well as the effects of cleanup, 
removal, or dispersion actions. Besides forming 
the basic framework for the prediction scheme, 
this moctal could either be coupled with a logis
tics model for planning responses to spills or 
could be used in "real" time to aid in the control 
and cleanup of a spill.
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Figure 33. Preliminary Decisionmaking Model 
for the Assessment of Treated Versus 

Untreated Oilspills

The primary function of a dispersant is to 
entrain the oil into the water column. The lack 
of tnderstanding of the entrainment process is 
perhaps, to some extent, responsible for the
rather limited use of dispersants in this country. 
Because the entrainment process is of such
importance, the research in this area is being 
approached with the goal of predicting entrain
ment as a function of the physical characteristics 
and the mode of entrainment for an open ocean 
spill.

In conjunction with t> £ type of experiments 
described above, a detailed study of the oil
droplet distribution resulting from various energy 
inputs uider a wide variety of physical and 
chemical conditions is being performed. Inter
facial tension has also been measured as a 
function of dispersant concentration in this
study. The result of these studies will be inte
grated with the simulated wave tank studies this 
year.

The extent to which oilspills at sea affect the 
commercial fish catch over the ensuing years, 
and under what circumstances, if any, treatment 
with a dispersant will mitigate the effect, are 
addressed in this research. In an attempt to 
estimate the impact of a treated versus an un
treated oilspill, a Fishery-Oilspill Interaction 
Model is presently being developed. This effort 
estimates first-order, direct effects of an oilspill 
on a commercially fished population. The 
primary effect is assumed to oCcur through egg

Figure 3<>. Processes Involved in the Fate of a 
Treated or Untreated Oilspill

and larval mortality, an assumption with which 
many marine biologists concur. Although there 
has been much debate over fishery models in the 
past, especially in the first-year recruitment
processes, it is believed that this is a useful
approach for comparing the treated versus un
treated spill.

PLANS FOR NEXT PERIOD

The program will be completed in FY 1979
and a final report will be written.

REPORTS PUBLISHED

M.P. Wilson, Jr., "What Are We Doing About 
Oil Spills?", Maritimes, August 1976.

"The Argo Merchant Oil Spill - A Preliminary 
Scientific Report," Special Report, National 
Oceanographic and Atmospheric Administration, 
March 1977.

C.W. Brown and P.F. Lynch, "Tanker 
Tragedies: Identifying the Source and Deter
mining the Fate of Petroleum in the Marine 
Environment," Proceedings of the 10th Rochester 
Conference on Environmental toxicity. May 1977.

In Proceedings of the ASTM Symposium on 
Chemical Bispersants for the Control ot (511 
Spills. October 1977:

•  M.P. Wilson, Jr., "The Assessment , 
Problems of Whether or Not To Treat 
Oil Spills."



•  R.W. Traxler and L.S. Bhattacharya, 
"Effect of a Chemical Dispersant on 
Microbial Utilization of Petroleum."

•  M. Ahmadjian and P.F. Lynch, "Chemi
cal Analysis of Dispersed Oil in the 
Water Column."

•  W. Jasper, T.J. Kim, and M.P. Wilson,
Jr., "Drop Size Distributions in a 
Treated Oil-Water System."

W. Jasper, "Drop Size Distribution of Oil 
Dispersed in siea Water," M.S. Thesis, Depart
ment of Mechanical Engineering and Applied 
Mechanics, University of Rhode Island, 1977.

In Proceedings of "In the Wake of the Argo 
Merchant," COMS Conference, University of 
Rhode Island, January 1978:

•  C.W. Brown, "Where the Argo Merchant 
Oil Didn’t Go."

•  M. Spaulding, "Surface and Subsurface 
Oil Spill Trajectory Forecasting."

•  P. Cornillon, "Oil Droplet Measire- 
ments Made in the Wake of the A'ryio 
Merchant."

i

•  M.'P. Wilson, Jr., "Summary of Physical
Studies." * ' ’

i '
C.W. Brown, P.F. Lynch, and M. Ahmad jiao 

"Computerized Dispersive Infrared Spectroscopy," •,:■ 
Pittsburgh Conference on Analytical Chemistry 
and Applied Spectroscopy, March 1978.

"The Spreading, Retention and Cleanup of Oil 
Spills," NTIS HCP/P2756-01, University of Rhode 
Island, May 1978.

"Assessment of Treated Versus Untreated Oil 
Spills (Interim Report)," NTIS HCP/W4047-02, 
University of Rhode Island, June 1978.

C. Noll and M. Spaulding, "Application of an 
Oil Spill Computer Model to Narragansett Bay 
and Rhode Island Sound," IOPPE Conference in 
Hamburg, Germany, September 1978.

D. Goldfarb, "Collection and Analysis of 
Treated and Untreated Oil Spill Vapors," M.S. 
Thesis, Department of Chemistry, University of 
Rhode Island, 1978.

P.F. Lynch and M.M. Brady, "Computerized 
Infrared Spectroscopy as a Separation Technique

- Analysis of Complex Organic Mixtures Extrac
ted from Water," Analytical Chemistry, sub
mitted for publication.

PROJECTED MILESTONES

•  April 30, 1979 — Completion of ex
periments

•  September 30, 1979 — Final report

ASSESSMENT OF ENVIRONMENTAL CONTROL 
ASPECTS OF TREATMENT OF ENHANCED 
OIL RECOVERY WASTEWATER CLEANUP

ORGANIZATION AND CONTRACT NUMBER

Department of Chemical Engineering
University of Tulsa
EE-77-S-05-5596

PRINCIPAL INVESTIGATOR

R. Thompson 

OBJECTIVE

The objective of this project is to assess the 
efficacy and practicability of membrane processes 
for treatment of wastewaters produced by ter
tiary oil recovery techniques.

APPROACH

The objective will be met in part by an 
experimental study to determine the effectiveness 
of the membrane ultrafiltration process in the 
concentration and removal of sulfonates and 
crude oil from wastewaters produced by the 
micellar flooding technique. By experimentally 
defining the conditions under which stable and 
characteristic wastewater samples can be pre
pared for membrane process evaluation and by 
developing the effects on filtrate flux of process 
variables, information will become available that 
will permit operating and capital costs for full- 
sized units to be estimated.

PROGRESS AND RESULTS

The experimental apparatus has been 
assembled and checked out. Preliminary runs 
with synthetic brines and varying amounts of oil 
and polymer are being used to map the region of 
emulsion stability. Studies have begun on the 
membrane retention of components of the brine/ 
oil/polymer mixtures.
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The survey of operating conditions will be 
completed, and a move to brines and polymers 
representative of real production wastewaters will 
be made.

REPORTS PUBLISHED 

None

PROJECTED MILESTONES

•  September 1980 — Final report

PLANS FOR NEXT PERIOD

ASSESSMENT OF ENVIRONMENTAL AND 
SAFETY CONTROLS FOR HYDROGEN

ORGANIZATION AND CONTRACT NUMBER

Los Alamos Scientific Laboratory
W-7W5-ENG-36

PRINCIPAL INVESTIGATOR

F.J. Edeskuty 

OBJECTIVES

The objectives of this project are to define 
thoroughly the potential environmental and safety 
problems associated with the large-scale applica
tion of hydrogen energy systems and to recom
mend analytical and experimental solutions.

APPROACH

To achieve the project objectives, the Los 
Alamos Scientific Laboratory (LASL) is reviewing 
existing safety regulations for transportation and 
use of hydrogen gas and liquid hydrogen. Sub
jects for study include existing regulations, their 
applicability .to large-scale handling of hydrogen, 
and areas where further regulations are re
quired. The' problem of hydrogen embrittlement 
is also being reviewed, including a consideration 
of investigations performed elsewhere.

Transmission of hydrogen gas by pipeline and 
transport of liquid hydrogen in mobile Dewars are 
the most probable mooes of large-scale ship
ment. LASL is emphasizing the investigation of 
these two transport modes and identifying their 
potential safety problems. An assessment of the 
environmental impact of hydrogen technology has 
been initiated. Based on these evaluations, on 
LASL's technical expertise, and on input from

consultants, potential problems are being defined 
and solutions to these problems will be suggested.

PROGRESS AND RESULTS

Commercial, public, research, governmental, 
and professional aspects of the safe management 
of hydrogen were thoroughly examined. Assess
ments were made of existing U.S. guides, codes
and standards, regulations, and interpretations. 
Information gathered from contacts in France, 
Germany, Switzerland, Japan, and Great Britain 
was reviewed and summarized. Appraisal of the 
types of controls placed upon hydrogen shipment 
and use yielded the following observations:

•  Existing codes and standards are suffi
ciently comprehensive for current
hydrogen use. However, future demand
upon hydrogen as a supplemental fuel 
will require further controls when the 
public exposure to risk is significantly 
increased.

. •  Public education is required to lessen
fears toward any new or unfamiliar 
technology. Groups with special needs 
(emergency response forces, transporta
tion personnel, regulatory agencies) 
must receive training.

•  The special permits system, under 
which the transport of liquid hydrogen 
is approved, must be replaced by regu
lations with uniform requirements.

•  The nature of mishaps under a variety 
of circumstances (i.e., spills, semi
confined massive leaks) must be better 
understood.

The problem of hydrogen embrittlement was 
researched, and the findings are being reviewed. 
Analysis indicates that the stress state deter
mines whether the dislocation motion within a 
metal will lead to the high local concentrations 
of hydrogen necessary for failure by embrittle
ment. Experiments performed on pipelines used 
to transmit town gas and hydrogen support this 
assumption. Embrittlement of metals can also be 
caused by hydrogen diffusion.

Assessment of the hydrogen embrittlement 
problem has yielded the following observations:

•  The simple laboratory tensile tests per
formed on metals may not be valid. 
These tests have, in some cases, indi
cated that a metal is unsuitable for
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long-term exposure to hydrogen, even 
though the metal has been used in field 
operations (or a number of years.

•  The low incidence of embrittlement in 
existing pipelines carrying a mixture of 
hydrogen in town gas is directly related 
to the combination of low pressure and 
gaseous impurities within the line.

•  Further experimentation on metals 
should lead to solution of the hydrogen 
embrittlement problem.

One of the more likely modes of transporta
tion of hydrogen is by gas pipeline. There are 
two alternatives: (1) convert the existing
natural gas transmission system to carry hydrogen 
or (2) build a system designed specifically for 
hydrogen. LASL will assess problems with 
hydrogen gas transmission to determine if 
hydrogen presents a greater safety hazard than 
natural f^s. The assessment was begun by 
analyzing accidents in natural gas transmission 
systems.

The transport of hydrogen as a liquid is the 
other likely method for future use. Present 
technology could be expanded with little modifi
cation. However, the consequences of large 
spills are not well uiderstood, and LASL is 
cooperating with the National Aeronautics and 
Space Administration and the Jet Propulsion 
Laboratory in the execution of spill tests.

An assessment of the environmental impacts 
of hydrogen energy systems was begun by re
viewing the literature available since 1970. 
Some 65 references on the subject generally 
corroborate the principal conclusion of the 1978 
National Bureau of Standards Workshop on 
Societal Aspects of Hydrogen: the negative envi
ronmental impacts of hydrogen are determined 
more by the amounts and methods of production 
of primary energy and hydrogen than by trans
port, storage, and use of hydrogen.

LASL will continue the examination of safety 
problems related to the transmission of hydrogen 
gas by pipeline; ignition tests on hydrogen- 
methane mixtures will be performed and the 
results incorporated into the study. Next year's 
assessment will also focus on the transportation 
of hydrogen as a liquid with spill test data to 
substantiate conclusions. The investigation of the 
environmental effects of hydrogen production will 
be expanded to include calculations predicting the 
effects of spills and leaks and a study of the 
control of nitrogen oxides emissions from hydro
gen combustion.

REPORTS PUBLISHED

F.J. Edeskuty, "Critical Review and Assess
ment of Anticipated Problem Areas in Hydrogen 
Energy Delivery Systems," LA-7<*05-PR, Los 
Alamos Scientific Laboratory, August 1978.

PROJF.CTED MILESTONES

•  September 30, 1978 -- Second annual 
report

Completion of the assessment of 
rules and regulations relating to 
hydrogen

Completion of the assessment of 
hydrogen embrittlement

•  September 30, 1979 -- Final report

Completion of the study of trans
mission of hydrogen as a gas

Completion of study of liquid 
hydrogen transport

Completion of recommendations 
and solutions to the problems dis
cussed in previous reports

PLANS FOR NEXT PERIOD
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OIL SHALE

The recent trend in oil shale processing 
research, development, and demonstration is 
away from surface retorting and toward in situ 
or modified in situ retorting. Environmental 
Engineering (EE) Program studies to date have 
suggested that wastewater control and manage
ment for in situ processing is more demanding 
than for surface retorting. In 1978, EE con
tinued to support a laboratory study designed to 
screen the technological feasibility and economics 
associated with in situ oil shale wastewater con
trol and management. Additionally, uncertainties

being examined include management of spent 
shale, land subsidence, and gaseous emissions 
from retorting operations. Site specificity con
tinued to be emphasized in FY 1978 because 
environmental control needs are intimately 
related to the nonuniform nature of oil shale 
deposits and the surrounding environment. Col
laborative studies are being promoted with the 
primary energy developers within the Department 
of Energy to ensure that site-specific issues can 
be addressed.
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ENVIRONMENTAL CONTROL TECHNOLOGY 
FOR M SITU OIL SHALE RETORTS: 

WATER/GAS MIGRATION

ORGANIZATION AND CONTRACT NUMBER

Lawrence Berkeley Laboratory
W-7W5-ENG-08

PRINCIPAL INVESTIGATOR

J.P. Fox 

OBJECTIVE

Much of the richer oil shale occurs in the 
Mahogany Zone in the Piceance Basin, Colorado, 
where the deposits are sandwiched between two 
groundwater aquifers. Present plans for the 
development of this resource may result in the 
connection of these two aquifers via the in-place 
retort, which could result in groundwater 
contamination by retorting gases or leachates. 
Gases produced during retorting could escape 
through fissures and cracks and degrade
surrounding groundwaters. Pressure differences 
between the lower and upper aquifers could 
result in the movement of groundwater through 
the abandoned retort. If the flow is in the 
upward direction, poor quality lower aquifer
water could mix with good quality upper aquifer 
water, significantly degrading the latter. 
Additionally, the water passing through the 
retorts will leach out organic and inorganic
compounds. Some of these, which may be toxic 
or carcinogenic, will be transported through the 
aquifers where they may ultimately be discharged 
into surface waters or withdrawn from wells.

The purpose of ,r> program is to identify 
and evaluate control technology that may be used 
to mitigate groundwater disruption subsequent to 
in situ oil shale retorting. The following options 
will be evaluated: (1) making the retort largely
impermeable to groundwater flow by partial or 
complete filling with a cementitious material;
(2) making the retort largely impermeable to 
groundwater flow by using polymers or other 
agents to plug fissures in retort walls and to 
form localized plugs; (3) chemically immobilizing 
the leachables without hydraulically sealing off 
the retort; (<0 deliberate leaching with 
groundwater or an organic solvent that would be 
captured, treated, and reused; and (5) using a 
cap rock to retard the movement of groundwater 
through the retort.

APPROACH

This program will be implemented through 
literature surveys, laboratory studies, and
computer modeling. Pertinent literature from
related fields, including deep coal mining, the 
petroleum and gas industry, and civil 
engineering, will be reviewed. Specific 
techniques to be considered include grouting with 
cements and spent shale; calcining; using 
underground adsorbents; and plugging with 
polymers, gels, and emulsions. Plugging agents 
will be evaluated in laboratory studies designed 
to test their ability to reduce spent retort 
permeability and enhance structural strength. 
The experiments will evaluate strength 
development, mobility, thickening time,
permeability, cost, material handling and
distribution, long-term stability, and
leachability. Experiments will be conducted using 
spent shales from simulated in situ retorts or 
cores from field retorts.

The use of a cap rock to reduce 
permeability or the selective leaching of spent 
shale followed by surface treatment of the
leachate will be evaluated using a combination of 
laboratory studies and computer modeling. An
existing model will be modified to simulate 
hydraulic and transport phenomena in the vicinity 
of an in situ retort located in the Piceance 
Basin. Model inputs will be obtained from field 
data collected in conjunction with the 
procurement opportunity notice contracts and 
from laboratory studies designed to simulate in 
situ leaching.

PROGRESS AND RESULTS

This program was initiated in July 1978. 
During this quarter, the literature survey and 
teaching studies were initiated. Six 10-foot-long 
by 1.0-foot-diameter columns with sample ports 
spaced at 3-foot intervals were built and packed 
with spent shale from the Laramie Energy 
Technology Center's 10-ton simulated in situ 
retort, and leaching studies were initiated. Two 
approach velocities were evaluated. The total 
organic carbon, pH, temperature, and electrical 
conductivity were measured at each sample port 
and in the effluent. The data are presently 
being reduced and analyzed.

PLANS FOR NEXT PERIOD

During FY 1979, the literature survey of 
plugging and sealing agents will be completed and
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promising agents will be selected for laboratory 
evaluation. These will be tested using packed 
columns of spent shale from simulated in situ 
retorts. Work will be initiated to evaluate the 
use of process byproducts in the manufacture of 
plugging agents. These waste products include 
heat retained in the retort, surface spent shale, 
CC>2, mine water, and retort water. An existing 
computer model will be used to model the 
hydraulics of an abandoned in situ retort, and 
the model will be modified to simulate flow 
through a fractured cap rock.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

• September 1978, December 1978, 
March 1979, and June 1979 
Quarterly progress reports

• September 1979 -- Annual report

• November 1978 — Presentation of
paper at the DOE Environmental Con
trol Symposium describing strategies to 
stabilize abandoned in situ retorts

SPENT SHALE AS A CONTROL TECHNOLOGY 
FOR OIL SHALE RETORT WATER

ORGANIZATION AND CONTRACT NUMBER

Lawrence Berkeley Laboratory
W-7<t05-ENG-48

PRINCIPAL INVESTIGATOR

J.P. Fox 

OBJECTIVE

Modified in situ retorting of oil shale 
generates from 1 to 22 gallons of water and 
about 25 pounds of spent shale for each gallon of 
oil produced. This amounts to 2 to 46 million 
gallons of water and about 53 million pounds of 
spent shale per day for a 50,000-barrel-per-day 
plant. Disposal of the spent shale and product 
water may present difficult technical and 
economic barriers to the development of a com
mercial oil shale industry.

The goal of this program is to determine 
how spent shale can be used to remove the

organics present in oil shale retort waters and to 
determine if spent shale can be upgraded for use 
in conventional water treatment applications or 
used as a filter medium for solvent refined 
coal. The removal of organics from retort water 
by conventional columns packed with surface 
spent shale and by abandoned in situ retorts will 
be studied experimentally, and design parameters 
will be determined for a large-scale system. 
The feasibility of using packed beds of spent 
shale in series with an activated sludge unit will 
be evaluated.

APPROACH

Batch studies will be conducted to determine 
adsorptive characteristics of spent shales from 
Parahoe 6c Lurgi surface retorts and from simu
lated in situ retorts employing inert, combustion, 
and steam/combustion retorting methods. 
Adsorption isotherms for several spent shale/ 
retort water combinations will be determined. 
The physical properties of each spent shale, such 
as specific surface area, carbon content, bulk 
density and effective pore size, and volume, will 
be measured. Methods will be developed to re
move oil and grease from the retort waters 
before analysis. Column studies will be con
ducted to determine optimum conditions, and 
design parameters for a large-scale operation will 
be determined. Effluent from the column studies 
will be treated in an activated sludge unit and 
overall system performance evaluated.

In upgrading studies, spent shales will be 
contacted with several organic solvents, and the 
adsorption isotherms will be determined. The 
extracted spent shale will be evaluated for 
leaching potential, for use in othei industrial 
waste treatment applications, and as a filter 
medium for solvent refined coal.

PROGRESS AND RESULTS

The program was initiated in July 1978. 
Work completed during the final quarter of FY 
1978 included the resolution of a number of 
analytical problems associated with the handling 
and analysis of oil shale retort water and the 
completion of the batch isotherm studies.

The performance parameter selected for use 
in these studies is dissolved organic carbon 
(DOC). Results presented by other investigators 
and the American Society of Testing and 
Materials Committee D 19.33 indicated that 
there were significant analytical problems asso
ciated with the measurement of DOC in oil shale 
retort waters. These problems were resolved and
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a method developed to reliably measure the 
DOC. The method consists of sample dilution, 
acidification and sparging of inorganic carbon, 
and direct measurement of a filtered subsample 
on a Beckman Total Carbon Analyzer Model 
915A. Because of interference problems, proper 
dilution is critical and is determined inde
pendently for each separate sample. The sample 
is acidified to pH 2-3 with H3PO4 and sparged 
with a glass frit for 5 minutes.

Batch studies were conducted by contacting 
variable amounts of spent shale with 150 ml of 
retort water. DOC was measured at intervals 
until equilibrium was reached for various particle 
sizes and spent shale/retort water combinations. 
Retort waters were pretreated by filtration 
through .45fi Flotronics silver metal filters. The 
adsorptive capacity of the spent shale, in milli
grams of DOC per gram of shale, was plotted as 
a function of the residual DOC and fitted to the 
most appropriate adsorption model. Data evalua
tion and interpretation are in progress.

PLANS FOR NEXT PERIOD

During FY 1979, column studies designed to 
evaluate the use of spent in situ retorts or 
packed columns of spent shale for wastewater 
treatment will be conducted. The effluent from 
the column studies will be treated in an acti
vated sludge unit and system performance evalu
ated. The configuration of packed beds of spent 
shale followed by an aerobic treatment process 
parallels the use of trickling filters followed by 
an aerobic process. The primary difference is
the medium used in the packed bed. Therefore, 
the results obtained using spent shale will be
compared with that obtained using trickling 
filtration, and the two option;: will be critically 
evaluated.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

• September 1978, December 1978,
March 1979, and June 1979 —
Quarterly progress reports

• September 1979 — Annual report

• November 1978 — Presentation of
paper at EPA's Oil Shale Sampling, 
Analysis, and Quality Assurance
Symposium describing the analytical
method developed for DOC

•  November 1978 -- Presentation of
paper at the DOE Environmental 
Control Symposium describing the 
preliminary phases of research

ASSESSMENT OF ENVIRONMENTAL 
CONTROLS FOR MERCURY EMISSIONS 

DURING OIL SHALE RETORTING

ORGANIZATION AND CONTRACT NUMBER

Lawrence Berkeley Laboratory
W-7405-ENG-48

PRINCIPAL INVESTIGATOR

J.P. Fox 

OBJECTIVE

The mercury concentration in oil shale 
ranges from 0.1 to M ppm. During in situ oil 
shale retorting, the shale is exposed to tempera
tures in excess of 1000°C for periods of up to 
one day, and approximately yj to 90 percent of 
the mercury is volatilized. Thus, about 45 
pounds of mercury per day may be emitted from 
a 50,000-barrel-per-day in situ oil shale plant 
processing 24 grams per ton of shale with an 
average mercury content of O.V ppm if 70 
percent of the mercury is volatilized. The pur
pose of this program is to measure the concen
tration of mercury in offgases from oil shale 
processes, identify its chemical form, and assess 
the ability of existing air pollution control 
technology to reduce the mercury to acceptable 
levels.

APPROACH

An existing technique, Zeeman atomic 
absorption spectroscopy (ZAA), will be refined 
to measure mercury in oil shale offgases. The 
resulting instrument will be used at several field 
sites to make in-place continuous measurements 
of mercury in the gas stream. In parallel with 
this measurement activity, published literature 
and patents will be reviewed to identify tech
niques suitable for mercury reduction from gas 
streams containing high levels of organics and 
CO2. Suitable technologies will be tested in the 
laboratory using gases generated by a laboratory- 
scale retort. The performance of each control 
technology will be evaluated by measuring 
mercury in the input and exit gas using the ZAA 
spectrometer developed for field monitoring. The 
resulting data will be used to recommend suitable
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control technology to reduce mercury from oil 
shale offgases to acceptable levels.

ASSESSMENT AND CONTROL OF WATER 
CONTAMINATION ASSOCIATED WITH SHALE 

OIL EXTRACTION AND PROCESSING
PROGRESS AND RESULTS

The program was initiated in July 1978. 
During this quarter, an existing ZAA spectrom
eter, previously used in the laboratory to 
measure mercury in oil shale offgases, was re
designed and fabrication of a field instrument 
was initiated. Joint experiments with the 
Laramie Energy Technology Center were com
pleted using their controllxi-state retort. The 
experiments verified that mercury is nonuniformly 
emitted from simulated in situ retorts due to 
volatilization and condensation along the packed 
bed. A literature survey was initiated on 
existing control technology for the removal of 
mercury from gaseous streams.

PLANS FOR NEXT PERIOD

During FY 1979, the ZAA spectrometer will 
be used to measure mercury in gas streams at 
various field projects. Laboratory work will be 
initiated to identify the form of the mercury in 
the offgas. The literature survey on mercury 
control technology will be completed and experi
mental work initiated to evaluate promising 
technologies. Preliminary work suggests that 
laboratory studies will focus on mercury adsorp
tion on packed beds of spent shale, activated 
carbon, or another adsorbent or on scrubbing in 
an alkaline solution, which may include oil shale 
retort waters.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  September 1978, December 1978,
March 1979, and June 1979 
Quarterly progress report*:

•  September 1979 — Annual report

•  November 1978 — Presentation of
paper at the DOE Environmental Con
trol Symposium describing the release 
and control of mercury during in situ 
oil shale retorting

ORGANIZATION AND CONTRACT NUMBER

Los Alamos Scientific Laboratory
W-7405-ENG-36

PRINCIPAL INVESTIGATOR

E.M. Wewerka 

OBJECTIVES

The objectives of this research program are 
to assess the nature and magnitude of water con
tamination resulting from the major surface and 
in situ shale oil extraction methods and to iden
tify control technology suitable for mitigating 
water pollution from these sources.

APPROACH

There will be two basic parts to this re
search program. Initially, a review of existing 
information will be conducted concerning the 
types and distribution of the water contaminants 
produced during the recovery and upgrading of 
shale oil. Potential water pollution problems 
attendant with both aboveground and in situ 
extraction of shale oil will be considered, includ
ing the contaminated waters produced during 
shale retorting, surface and groundwater contam
ination caused by in situ retorts, disposal sites 
for raw or spent shales, and wastewater pro
duced by the onsite upgrading of shale oil. This 
activity will identify the water pollution control 
needs for the various activities associated with 
oil shale recovery and may reveal additional 
environmental research that may be necessary to 
support control technology development. Upon 
completion of this task, an experimental program 
will be conducted to acquire necessary additional 
information about the nature and time-dependent 
behavior of the contaminants in various shale- 
associated waters and to evaluate the water 
quality control options available to the oil shale 
industry. The focus of the control technology 
studies will be on both chemical and physical 
methods to reduce the contaminants in retort 
waters and disposal site effluents to acceptable
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levels and on measures to prevent groundwater 
contamination by abandoned in situ retorts.

PROGRESS AND RESULTS

A program has been started to gather and 
evaluate the existing information pertinent to 
identifying the environmental control needs for 
contaminated waters produced or caused by oil 
shale recovery and upgrading. In addition, con
tacts have been established and working relation
ships initiated with numerous people involved in 
oil shale process development and environmental 
research from industry, Government, and 
academic organizations. A research plan is being 
formulated that will identify the areas where 
additional environmental assessment is necessary 
to support and define the directions oi control 
technology research. Arrangements have been 
made to acquire samples of raw and spent shales 
and retort waters from several sources.

Knowledge of the structural and mineral 
associations of trace impurities has, in the past, 
proved to be vital to an understanding of the 
mechanisms for the release of these trace 
materials into the environment. In an effort to 
understand western oil shaies, sorne preliminary 
structural and analytical studies of samples from 
the Mahogany Zone in the Piceance Basin in 
Colorado have been accomplished. The structural 
complexity of these western oil shales is shown 
in the photomicrograph of Figure 35, which 
shows the characteristic light and dark bands.

Figure 35. Photomicrograph of Mahogany Zone 
Oil Shale

The electron microprobe has been used to iden
tify some of the elemental components of the 
mineral species. An example of this is demon
strated in the composite (Figure 36), which

shows a scanning electron micrograph of the 
section ol the sample being investigated and five 
micrographs wherein the bright images show the 
distributions of Ca, Fe, S, Al, and Si.

Figure 36. Scanning Electron Micrograph and 
Electron Microprobe Results on Mahogany 

Zone Oil Shale

PLANS FOR NEXT PERIOD

The assessment of existing information on 
the types and character of water contamination 
associated with shale oil recovery and upgrading 
will be completed, and research will begin on 
the assessment and evaluation of technology to
control such water pollution. Further work on
the composition and Jeachability of raw and spent
oil shales may be needed to further define con
trol technology needs. Input of environmental
and processing information from other sources 
will continue to be an important guide to the 
direction of this program. These studies will 
lead to an evaluation of the technical difficulty 
and economic feasibility of the available options 
to prevent or control aqueous contamination pro
duced by the major aboveground and in situ shale 
oil recovery methods.

S2



E.A. Hakkila, N.E. Elliot, J.M. Williams, 
and E.M. Wewerka, "A Preliminary Electron 
Microprobe Study of Green River and Devonian 
Oil Shales," Advances in Chemistry, in press.

PROJECTED MILESTONES

Quarterly and annual reports describing the 
program accomplishments will be written, and 
formal reviews will be held with the DOE pro
gram manager.

REPORTS PUBLISHED

ASSESSMENT OF ENVIRON CENTAL 
CONTROL FOR WASTEWATER IN IN SITU 

OIL SHALE RETORTING

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory 
EY-76-C-06-1830

PRINCIPAL INVESTIGATOR

fi.W. Mercer

OBJECTIVES

This study is designed to assess the capa
bilities of current technology for treatment and 
disposal of shale-oil-related wastewaters to main
tain acceptable water quality levels in the 
receiving 'vaters of the oil shale regions under
going development. Bench-scale treatability 
studies are being conducted on actual waste
waters generated by pilot or prototype shale oil 
extraction facilities to assess the adequacy of 
st.ite-of-the-art technology to achieve the 
desired effluent quality. Ultimately, processes 
and wastes from specific process chains would be 
categorized with respect to amenability to avail
able treatment technology. The capabilities and 
limitations of feasible treatment options will be 
defined for each wastewater including retort 
water, mine water, and process water. 
Effluents discharged from treatment processes 
will be characterized with respect to conven
tional effluent quality parameters and with 
respect to exotic materials that may be of 
particular concern in the shale oil industry.

APPROACH

Bench-scale treatability studies are being 
conu’uctwd to evaluate current technology for the 
removal ol pollutants from shale oil waste

waters. The wastewater treatment processes 
selected for evaluation with retort water are 
essentially patterned after technology used for 
treatment of petroleum refinery wastewater. 
The first steps in a treatment sequence involve 
the removal of suspended solids and oil by 
gravity separation or dissolved air flotation. The 
clarified wastewater is then treated by steam 
stripping to remove ammonia, which represents a 
potential byproduct. Ammonia removal is also 
needed to meet discharge or reuse criteria and 
to allow effective biological treatment. Bio
logical treatment follows for removal of degrad
able organic matter. Nonbiodegradable organic 
matter is then removed by carbon adsorption 
after chemical coagulation, sedimentation, and 
filtration to remove suspended matter produced 
by the biological treatment steps. A deminerali
zation process, such as reverse osmosis, may
also be employed to remove excessive dissolved 
mineral matter.

Additional studies are being performed to
evaluate treatment technology for minewaters 
that may exceed discharge standards for fluoride, 
boron, or salinity. Minewater is essentially
groundwater that must be removed from mining 
areas or in situ shile oil recovery zones beneath 
the surface. Minewater treatment studies include 
evaluation of ion exchange and precipitation pro
cesses for fluoride and boron removal.

PROGRESS AND RESULTS

Conventional biological treatment studies 
were completed on three samples of retort 
water. One of the retort water samples can e 
from the 6000-kg simulated in situ retort at the 
Lawrence Livermore Laboratory (LLL); the other 
two samples, from an in situ test site near 
Vernal, Utah. Both aerobic and anaerobic bio
logical treatment was attempted on a bench 
scale but without success. Aerobic treatment 
"insisted of activated sludge or combined 

ro^hing filter (trickling filter) and activated 
sluabe. The results of these studies showed sub
stantially reduced biological growth in the treat
ment units as the concentration of retort water 
was increased in the feed to the units. Good 
biological growth and organic carbon removals 
were observed irom the initial pnant? of the 
acclimation period, but a:, apparent loxicity 
problem develops as the percent of actual retort 
water in the feed increases and the percent of 
artificial retort water deci eases.

Analysis of the retot t v?ter for toxicants 
revealed the presence of arsenir and thio- 
cyanate. Thiocyanate is not believed to b? a
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problem because the concentration of this con
stituent is below the threshold value of 5000 
mg/1 for activated sludge. Arsenic could be a 
problem because it exceeds the threshold value 
of 0.1 mg/1 for activated sludge. The LLL 
sample contained 1.3 mg arsenic/1, and the in 
situ test site samples contained U to 13 mg 
arsenic/1. Results of anaerobic digestion studies 
conducted with 3.5-liter digesters also indicated 
toxicant problems. Gas production from the
digesters diminished steadily as the concentration 
of actual retort water was increased.

Preliminary results of studies to evaluate 
powdered activated carbon added to the anaer
obic digesters indicate successful operation in the 
case of the LLL retort water but continued
toxicity problems with the in situ test site retort 
water. The powdered activated carbon is effec
tive for removing certain soluble organics, in
cluding toxic organics, from solution; this could 
reduce the stress on the biota in the digesters. 
The activated carbon is also effective in some 
instances for removing heavy metals from 
solution, but its effect on arsenic in retort 
water is unknown at the present time. Analysis 
for soluble arsenic in the digester receiving in 
situ test site retort water revealed 0.96 mg/'l, 
which is near the toxicity threshold for anaerobic 
digestion. Soluble arsenic in the digester 
receiving LLL retort water was 0.56 mg/1. 
Further studies are planned to pretreat the retort 
water to reduce the arsenic concentration before 
biological treatment.

The bench-scale steam stripper was modified 
to enlarge the reboiler and provide a temperature 
sensor on the condensate. The depth of the 
10-cm-diameter reboiler was increased from 11 
to 23 cm to provide more volume for foam 
control. The addition of silicone antifoam agent 
is also required to control foaming, which causes 
flooding if the foam enters the stripping 
column. The condensate temperature sensor was 
added to determine the effect of temperature on 
the amount of ammonia ?r.d other substances re
tained in the condensate.

Treatability studies were conducted to 
evaluate methods for removing fluoride and boron 
from minewater. The results of bench-scale 
experiments with groundwater taken from C-b 
Tract in Colorado show a 50-percent break
through capacity of 350 bed volumes for fluoride 
removal by activated alumina adsorption. The 
groundwater fluoride concentration was 20 mg/1; 
therefore, the fluoride capacity is approximately 
7 g/1 of activated alumina. To achieve effective 
fluoride removal, the feed was adjusted to pH

♦Product of Rohm and Haas Company.

2.5 for the initial 100 bed volumes to reduce the 
effluent pH to about 9. Thereafter, the feed pH 
was adjusted to pH 5.5, which is the optimum 
level for fkoride removal. Because the alumina 
bed is regenerated with dilute sodium hydroxide, 
it is necessary to add additional acid to the feed 
at the beginning of the exhaustion cycle to 
neutralize the residual caustic regenerant in the 
bed. The acid addition for pH adjustment of the 
feed is expected to represent a substantial por
tion of the chemical cost of treatment for 
fluoride removal by activated alumina adsorp
tion. An estimated $0.13 pur thousand gallons of 
groundwater would be required to adjust the pH 
with sulfuric acid priced at $50 per ton of acid. 
Regenerant costs are estimated to be $0.i6 per 
thousand gallons of groundwater treated based on 
sodium hydroxide priced at $280 per ton.

Results of precipitation experiments with 
simulated C-b Tract groundwater indicated 90 
percent fluoride removal with phosphoric acid and 
lime addition. Approximatly 9 moles of phos
phorus and 10 moles of calcium are required to 
achieve this level of fluoride removal, which 
would be needed to allow discharge of the 
groundwater to surface receiving waters in the 
Piceance Basin. The precipitation formed is 
basically a mixture of fluorapatite, Ca5F(P04), 
and hydroxy apatite, Ca jfOH U PO^. The cost 
of phosphoric acid and lime to treat the C-b 
Tract groundwater is estimated to be about' $2 
per thousand gallons, which is excessive relative 
to other treatment methods.

Ion exchange with a commercial anion 
exchange resin, Amberlite IRA-6!®,* was inves
tigated as a unique process that showed some 
potential because of the low selectivity of this 
resin for bicarbonate, the principal ion competing 
with the fluoride. Laboratory results showed a 
correspondingly low selectivity for fluoride, 
which negates possible advantages this process 
may have over other ion exchange processes.

Boron removal from the C-b Tract ground
water is not affected by either activated alumina 
or lime and phosphate treatment. Bench-scale 
studies with Amberlite XE-24X9* ion exchange 
resin indicate good boron removal from 2000 bed 
volumes of groundwater containing 0.6 mg/1. 
Boron removal to less than 0.3 mg/l is required 
for discharge to surface waters in the Piceance 
Basin.

PLANS FOR NEXT PERIOD

Continued bench-scale studies are planned to 
evaluate reverse osmosis treatment of retort
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water and pretreatment requirements to over
come toxicity problems with biological treat
ment. Addition of powdered activated carbon to 
both activated sludge units and anaerobic diges
ters will also be evaluated as a means of over
coming toxicity problems. PiJot-scale studies are 
planned on the most promising treatment methods 
evaluated in the bench-scale studies. The pilot 
plant studies will be conducted with mobile 
treatment units at selected field sites where
shale oil recovery operations are in progress.

REPORTS PUBLISHED

"Land Disposal and Underground Injection of 
Shale Oil Wastewater," Symposium on Toxicolo- 
gical Screening of Fossil Fuel Processing 
Effluents, American Chemical Society.

"Evaluation of Land Disposal and Under
ground Injection of Shale Oil Wastewaters," 
PNL-2596, Pacific Northwest Laboratory.

PROJECTED MILESTONES

•  February 1979 — Completion of
bench-scale studies on treatment of 
retort water and submittal of draft
report on results

•  September 1979 — Completion of pilot
plant studies on retort water and
minewater treatment and submittal of 
draft report on results

ANALYSIS OF THE ENVIRONMENTAL 
CONTROL FOR OIL SHALE AND TAR SAND 

DEVELOPMENT

ORGANIZATION AND CONTRACT NUMBER

University of Utah 
EY-76-S-02-W<»3 Mod M003

PRINCIPAL INVESTIGATORS

N. de Severs
B. Glenne
C. Bryner

OBJECTIVES

The objective of the first part of the pro
gram (carried out mostly in FY 1977) was to

analyze the environmental control technology 
envisaged in the Detailed Development Plans for 
the three oil shale tracts in *ihe Federal Proto
type Leasing Program and all other active oil 
shale projects. From an integrated analysis of 
all proposed control technology, it was shown 
which parts of the environmental plans were 
based on certain knowledge and which were based 
on extrapolations. The areas where further 
analysis or laboratory work are needed were de
termined, and suggestions were made for 
developing the needed knowledge.

The second part of the program (carried out 
mostly in FY 1978) repeats the »ame basic pro
cess for tar sands. Attention is being focused on 
both the Alberta tar sands, where two large- 
scale projects are in operation and another has 
been formally proposed, and on the U.S. deposits 
(mostly in Utah). An assessment of whether the 
environmental control technology from the 
Alberta projects can be successfully transferred 
and applied to the U.S. deposits will be 
attempted.

APPROACH

By a thorough review and analysis of the 
available literature, test calculations, and discus
sions among the principal investigators, an under
standing and evaluation of the existing technology 
will be sought to determine the areas of greatest 
need for additional efforts.

PROGRESS AND RESULTS

The final oil shale report has been approved 
by DOE and is in the final printing cycle.

PLANS FOR NEXT PERIOD

During FY 1979, an investigation on tar sand 
development will be conducted and a report pre
pared.

REPORTS PUBLISHED

N. de Nevers et al., "Analysis of the Envi
ronmental Control Technology for Oil Shale 
Development," COO-4043-1, University of Utah 
for Oak Ridge National Laboratory, May 1978.

PROJECTED MILESTONES

•  September 30, 1978 — Submittal of 
draft final report on tar sands to DOE
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SOLAR, GEOTHERMAL, AND ENERGY CONSERVATION

Environmental control assessment activities 
for solar energy, geothermal energy, and energy 
conservation continue to have an important place 
in the Environmental Engineering (EE) Program.

In FY 1978, a project to assess environ
mental problems associated with materials used 
in solar heating and cooling (SHAC) was con
tinued. An interim handbook describing the 
flammability, toxicity, and environmental 
impacts of various materials used in solar heating 
and cooling was completed. The intent of the 
document is to assist DOE in evaluating SHAC 
designs submitted for Government support and to 
assist homeowners in selecting suitable materials 
for particular applications. Another activity sup
ported by EE is the assessment of environmental 
controls needed for the "inexhaustible" energy 
resource of biomass. In FY 1977, a preliminary 
survey identifying control needs for the biomass 
options (bioconversion, bioproduction, and agri
cultural waste utilization) was initiated; the 
survey was continued and updated in FY 1978.

Geothermal energy, although not uniformly 
available throughout the United States, can 
represent a significant energy resource for 
specific regions. The major objective of the 
Environmental Engineering Program for geo
thermal energy continues to be the identification 
of potential gaps in environmental control capa
bilities and fostering of the timely development

of control options through joint programs with 
the DOE Division of Geothermal Energy. Studies 
are being continued on the state-of-the-art liquid 
waste control systems and gaseous cleanup sys
tems. Assessments of the efficacy and practica
bility of environmental controls used in the 
Imperial Valley Geothermal Project will be com
pleted in FY 1979. Environmental Engineering 
also continues to perform independent assess
ments of environmental controls identified within 
the Geothermal Loan Guaranty Program to help 
ensure prevention of default because of violations 
of environmental regulations.

Evaluations of near- to mid-term energy 
conservation options by EE are continuing. 
Accomplishments in FY 1978 include (1) develop
ment of a management plan for compressed air 
energy storage environmental concerns; (2) 
review of current industrial pollution control 
practices and preparation of a plan on recom
mended energy-conserving alternatives for 
industrial waste treatment; (3) completion of an 
evaluation of testimony submitted for licensing a 
765-kilovolt line as an initial assessment of 
environmental controls for this and similarly 
planned lines; (4) review of the research status 
on diesel exhaust emissions, their health effects, 
and emission control; and (5) continued compila
tion of environmental regulations concerning 
electric effects of overhead transmission lines.
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ENVIRONMENTAL AND FIRE HAZARDS OF 
MATERIALS USED IN SOLAR HEATING 

AND COOLING

ORGANIZATION AND CONTRACT NUMBER

Sandia Laboratories
AT (29-l)-789

PRINCIPAL INVESTIGATOR

J.Q. Searcy 

OBJECTIVES

One of the objectives of this project is to 
produce a handbook of hazardous properties and 
environmental effects of materials used in solar 
heating and cooling (SHAC). The handbook can 
be used as a single reference source to provide 
information for compliance with standards related 
to hazardous material properties and for avoiding 
undesirable environmental effects resulting from 
the use and disposal of SHAC materials. It will 
be distributed to the public so that designers and 
users of SHAC technologies may use it as a 
guide.

Another objective of this project is to iden
tify and assess the safety hazards and environ
mental impacts of SHAC materials and determine 
the need for their future inclusion in the hand
book.

APPROACH

A two-phase approach will be used in 
developing the handbook. Phase 1 involves a 
literature search, a survey of manufacturers, and 
some chemical characterization of materials in 
order to determine lists of materials and com
positions used in SHAC. The materials will be 
categorized according to functionality in SHAC 
systems, and a literature search made to deter
mine available physical properties, toxic proper
ties, and fire properties. Phase 1 will conclude 
with the publication of an interim handbook.

Phase 2 will be directed toward the devel
opment of a more complete handbook. Extensive 
review of the interim handbook is planned, and a 
revised interim handbook is to be printed, again 
followed by an extensive review. Additional con
tributions, suggestions for improving the hand
book, and suggestions for additional needed data 
will be solicited from qualified members of the 
SHAC community. All pertinent suggestions and

newly identified data will be considered and 
incorporated.

As a part of Phase 2, an identification is to 
be made of the data that need to be generated, 
and a priority grouping made that identifies crit
ical needs. The data needs will be communicat
ed to appropriate DOE and other solar enviion- 
mentally related program personnel. Phase 2 of 
this project has no experimental component, so 
other programs will be relied on for primary re
vised data generation. A close association with 
groups active in determining SHAC standards will 
be sought.

PROGRESS AND RESULTS

Phase 1 of the project has been completed 
during FY 197S. and an interim handbook has 
been printed.

Phase 2 has been initiated and good progress 
made. Contact has been made with voluntary 
standards groups, and the principal investigator 
has been elected to serve on a national American 
Society of Mechanical Engineers committee for 
determining standards lor SHAC technologies. A 
toxicity classification scheme for SHAC heat 
transfer liquids has been proposed to that com
mittee, and an identification of needed toxicity 
data has been made and communicated to DOE 
personnel. Identification of other needed data is 
in progress.

PLANS FOR NEXT PERIOD

The second phase, consisting of two revisions 
of the interim handbook,will be continued. The 
first revision will add data concerning other 
materials, some expanded discussion of old 
topics, and some treatment of new topics. The 
first revision will be made using data already 
available in current literature. The second revi
sion will incorporate data and conclusions genera
ted by current DOE solar environmentally related 
projects.

Comments and contributions from qualified 
spokespersons will be solicited during both revi
sions of the handbook. Needed information on 
potentially hazardous situations will be identified 
and communicated to DOE representatives.

REPORTS PUBLISHED

3.Q. Searcy, ed., "Hazardous Properties and 
Environmental Effects of Materials Used in Solar 
Heating and Cooling (SHAC) Technologies:
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Interim Handbook," SAND78-08M, Sandia Labor- 
tories, August 1978.

PROJECTED MILESTONES

•  May 2, 1979 -- Submit revised edition 
of interim handbook for DOE review

•  August 31, 1979 -- Publish revised 
interim handbook

ASSESSMENT OF ENVIRONMENTAL 
CONTROLS FOR ENERGY PRODUCTION 

FACILITIES USING SOLAR-DERIVED FUELS

ORGANIZATION AND CONTRACT NUMBER

Ames Laboratory
W-7405-ENG-82

PRINCIPAL INVESTIGATOR

T.A. Austin 

OBJECTIVES

The general objectives of this project are to 
perform independent assessments of the environ
mental controls needed for biomass options (bio- 
conversion, bioproduction, and agricultural waste 
utilization) and to identify and foster develop
ment of novel solutions to environmental control 
problems.

APPROACH

The general approach for this project will 
be, first, to perform a preliminary assessment of 
all controls, and then to undertake more detailed 
assessment work that is in concert with and will 
complement activities sponsored by other environ
mental groups. This project will be performed in 
three phases. For Phase 1, an extensive litera
ture review of the state-of-the-art of biomass 
conversion processes and required controls will be 
undertaken. For Phase 2, actual data, necessary 
to evaluate the efficacy and practicability of 
currently available environmental control tech
niques, will be collected where justified. For 
Phase 3, laboratory and field evaluation studies 
on novel environmental control technologies will 
be performed.

PROGRESS AND RESULTS

A review of the status of bioconversion 
processes has shown that anaerobic digestion of

animal manures and direct burning of wood, 
wood byproducts, and crop residues are the most 
probable immediate applications on a national 
basis. Laboratory wastewater characterization 
studies on digested animal manures have been 
initiated, as well as laboratory treatability 
studies. Experiments to evaluate the quality of 
leachates from ash disposal sites have been 
initiated.

PLANS FOR NEXT PERIOD

In FY 1979, Phase 3 will be undertaken to 
evaluate effectiveness of advanced treatment 
technologies, where needed, in controlling 
environmental impacts of bioconversion pro
cesses. Studies to evaluate liquid and solid 
residues from pyrolysis, liquefaction, and gasifi
cation will be initiated. All activities will be 
coordinated with other parts of DOE and EPA.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  January 31, 1979 -- Initial studies on
characterization and treatability of 
digested cattle and swine manures

•  February 15, 1979 -- Draft report on
initial animal manures

•  August 1, 1979 -- Initial study of
wood ash characteristics and leachate 
quality

•  September 30, 1979 -- Draft report
on initial wood ash studies

GEOTHERMAL LOAN GUARANTY PROGRAM: 
ASSESSMENT OF ENVIRONMENTAL 

CONTROL TECHNOLOGIES

ORGANIZATION AND CONTRACT NUMBER

Lawrence Livermore Laboratory 
W-7005-ENG-48

PRINCIPAL INVESTIGATOR

M.M. Moody

OBJECTIVES

The primary objectives of this project are to 
review Geothermal Loan Guaranty Program
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(GLGP) environmental analyses, identify environ
mental control technologies, and independently 
assess their efficacy and practicability. A 
secondary objective is to review environmental 
reports and monitor data on operating control 
systems in order to expand knowledge of 
environmental control technologies.

APPROACH

A Federal GLGP was established by P.L. 
93-010, the Geothermal Energy Research, 
Development, and Demonstration Act of 1970. 
The Division of Environmental Control Technology 
has the responsibility for independently ensuring 
the adequacy of environmental controls identified 
as part of Environmental Assessments and 
Environmental Impact Statements and used by the 
applicants to help prevent default in the event of 
noncompliance with environmental regulations. 
To discharge this responsibility, liaison is main
tained with the Loan Guaranty Program Office 
and the Environmental and Safety Division of the 
DOE San Francisco Operations Office.

Knowledge of relevant Federal and local laws 
and regulations and environmental quality stan
dards is developed by site as the need arises. 
Also, information relevant to assessment of 
environmental control systems or measures is 
drawn from the related project, "Imperial Valley 
Environmental Projects: Assessment of Environ
mental Control Technologies." On-demand re
views and assessments are made as required.

PROGRESS AND RESULTS

Cursory reviews have been made of the loan 
program applications submitted in FY 1978 
through August, and of revisions made in prior 
applications. These are summarized in Table 5.

A key activity this year was the review of 
the environmental impact assessment for the loan 
guaranty application: "Environmental Assess
ment, Westmorland Development Project, 
Imperial County, California," The Westmorland 
Development Project, Westmorland, Imperial 
Valley, California, on private land, for explora
tion and development of a geothermal field, June 
1978. An annual report on these activities is 
being prepared.

PLANS FOR NEXT PERIOD

This effort will continue during FY 1979 as 
applications are submitted and as approval con
siderations require.

REPORTS PUBLISHED 

None

PROJECTED MILESTONES

•  December 31, 1979 -- Annual report 
for FY 1978

IMPERIAL VALLEY ENVIRONMENTAL 
PROJECTS: ASSESSMENT OF 

ENVIRONMENTAL CONTROL TECHNOLOGIES

ORGANIZATION AND CONTRACT NUMBER

Lawrence Livermore Laboratory
W-7005-ENG-08

PRINCIPAL INVESTIGATOR

M.M. Moody 

OBJECTIVES

The objectives of this project are to identify 
and describe the environmental control technolo
gies used in the Imperial Valley of California for 
Government-supported facilities (electric and 
nonelectric) for utilization of geothermal 
resources, assess these control measures with 
respect to their intended use, and evaluate 
their operational performance for verification of 
performance criteria.

APPROACH

Geothermal energy is an important new 
energy source. Conversion and direct-heat utili
zation technologies are being developed for the 
hydrothermal resources of Imperial Valley, 
California, and significant progress is being made 
toward commercial utilization. Equally important 
control technologies are being developed and 
applications planned for mitigation of environ
mental impacts from this and other resource 
utilization. The problems of greatest concern 
are hydrogen sulfide abatement, liquid waste 
control, management of induced land subsidence 
and seismicity, and disposal of sludges and other 
solids.

The environmental control technologies are 
identified from the Imperial Valley Environmental 
Project studies, project planning activities for 
the Imperial Valley, appraisals of available con
trol technology, developments at other geo
thermal sites, and research and development
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Table 5. Applications List

Approval Goal 
or Status__ Applicant Project/Location Goal

Loan Guaranty 
($ millions)

FY 1978
Environmental 
assessment 1n 
revision (drilling 
site change)
To DOE Headquarters, 
September or October

In review

Republic Geothermal, 
Inc., anti MAPCO

Honey Lake Hydroponic 
Farms

O'Brien Resources 
Corp., Thermal Power 
Inc., Amax Exploration, 
Inc., and VTM Corp., 
Inc.

Westmorland Development Project:
Explore, evaluate, and develop 
field/Westmorland, Imperial Valley, 
California
Honey Lake Farms Project: Heat green
houses and packing sheds, refrigerate 
produce prior to shipment/Mendel 1-Amedee 
KGRA, Susanville, California
O'Brien Project: Verify reservoir and
develop ffeld/Roosevelt Hot Springs KGRA, 
Beaver County, Utah

55 MWe

(Non
electric)

MUe

21.0 (Bank 
of America

4.8 (Bank of 
Montreal)

12 (Bank of 
Montreal'

FY 1977
Hold (added 
prellmlnary 
exploratory 
dri1 ling)
Approved

Approved

Dry Creek Exploration, 
Inc., (subsidiary of 
Geothermal Resources 
International)
Republic Geothermal, 
Inc.

McCulloch Geothermal 
Corp.

Dry Creek Prospect: Explore, evaluate, 
and develop field/Lake County (Geysers), 
California

E. Mesa Development Project: Evaluate 
and develop fleld/E. Mesa, Imperial 
Valley, California
CU 1 Venture: Explore and evaluate 
fields/Brawley, California

165 7.5 (Bank of
MWe America)

48 MWe

110
MWe

10.0 (Bank 
of America)

6.3 (Bank of 
Montreal)

’told Southern California 
Public Energy Corp. 
(City of Burbank)

Site selection appraisals/Roosevelt Hot 
Springs, Utah

50 MWe 25.0 (Dean
to 200 Witter and
MWe Co.)

Approved

Hold

Construction 
permit denied

Geothermal Food 
Processors

Diablo Exploration, 
Inc.

Resource Funding Ltd. 
(Northern California 
Power Assoc., a con
sortium of cities)

Food Dehydration: Rehab, existing 
wells; design and build dehydrator 
plant/Brady's Hot Springs, Churchill 
County, Nevada
Select site, explore, evaluate, and 
develop f1eld/R1o Grande Rift Valley, 
New Mexico
Explore, evaluate, develop field/Cob 
Valley, Lake County (Geysers), 
California

(Non- 3.5 (Nevada
electric) National Bank)

50 MWe

66 MWe

21.8 (Kidder, 
Peabody, Inc.)

14.5

(R&D) program results. Descriptions are drawn 
from these sources and from visits to test and 
operational facilities.

Assessments are primarily based on state- 
of-the-art appraisals, demonstrated merits in 
development testing, and the experience accumu
lating with control systems in the field. Opera
tional assessments will draw on results of opera
tional surveillance (monitoring) and operators' 
appraisals.

Emphasis is on access to expertise through 
consulting arrangements and on development of 
good working relationships with RicD organiza
tions, developers, utility companies, well field 
operators, regulators, and planners.

PROGRESS AND RESULTS

An interim, report has been prepared identi
fying and describing environmental control tech
nologies for the Imperial Valley. Assembly of in-
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formation was continued for assessment of these 
technologies.

PLANS FOR NEXT PERIOD

In FY 1979, the identification and assess
ment effort will be completed on environmental 
control technologies useful in the near term in 
the Imperial Valley. A final report will be pre
pared and published. Work will begin on 
assessing operational performance of these con
trol measures for verification of performance 
criteria. Extension of assessment activities to 
other geothermal resource areas is planned.

REPORTS PUBLISHED

D.F. Snoeberger and J.H. Hill, "Identification 
of Environmental Control Technologies for Geo
thermal Development in the Imperial Valley of 
California," UCRL 52548, Lawrence Livermore 
Laboratory, release pending.

PROJECTED MILESTONES

•  December 31, 1979 — Final report
assessing environmental control tech
nologies

RESEARCH PROGRAM PLAN FOR 
GEOTHERMAL LIQUID WASTE DISPOSAL

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory 
EY-76-C-06-1830

PRINCIPAL INVESTIGATOR

L.J. Defferding

OBJECTIVES

The objectives of this project are to review 
the state-of-the-art for disposing of liquid 
wastes from geothermal (electric and non
electric) installations and identify research that 
is needed for developing commercially feasible 
techniques for waste disposal.

APPROACH

A review team was assembled from within 
the Pacific Northwest Laboratory. This team 
reviewed the available literature and evaluated 
the existing methods for disposal of liquid wastes

from geothermal facilities. The techniques were 
evaluated from legal, technical, environmental, 
safety, and conomic standpoints. During this 
evaluation, research needs were identified. The 
results of the evaluation u ill constitute a state- 
of-the-art review of disposal methods for geo
thermal liquid wastes.

PROGRESS AND RESULTS

A draft report on the state-of-the-art re
view of geothermal liquid waste was issued for 
comment.

PLANS FOR NEXT PERIOD

The project will be completed in FY 1979; 
the final report is being edited for publication in 
FY 1979.

REPORTS PUBLISHED 

None

PROJECTED MILESTONES

•  May 31, 1979 — Final report

EVALUATION OF H2S CONTROL 
TECHNOLOGY FOR GEOTHERMAL ENERGY 

SOURCES

ORGANIZATION AND CONTRACT NUMBER

Midwest Research Institute 
EE-77-C-02-4255

PRINCIPAL INVESTIGATOR

J.B. Galeski

OBJECTIVES

The objectives of this project are to identify 
and evaluate technologies for control of H2S 
emissions from existing and several planned geo
thermal energy developments; prepare a state- 
of-the-art report describing all previous and 
ongoing attempts to control H2S emissions from 
geothermal energy systems; and identify poten
tially applicable H2S removal technologies that 
are available, or could be developed within a 
commensurate time frame, to control H2S emis
sions from several planned geothermal develop
ment projects.
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APPROACH

The study will emphasize H2S removal tech
nology for existing and planned geothermal 
energy developments. This work will be per
formed concurrently for approximately the dura
tion of the project. The project has been 
formally divided into three tasks. Task 1 is 0 
literature search to provide data input. Task 2 
is a state-of-the-art review of operating systems 
and will include site visits to operating geo
thermal regions. Task 3 will involve data 
acquisition, selection of geothermal energy proj
ects, and identification of potentially feasible 
technology.

A systematic evaluation procedure will be 
used to evaluate alternative technologies for geo
thermal development projects. Requisite infor
mation to be used for evaluation of control 
technology for both existing and proposed facili
ties will include uncontrolled emission rates of 
H2S and other contaminantsj a description of 
conversion prdcesses, emission points, flow 
rates, and steam compositions; and a description 
of candidate H2S control technologies, including 
performance data, investment and annualized 
costs for given efficiency levels, energy require
ments, secondary environmental impacts 
(sludges, etc.), development status and, for 
add-on control technologies, vendor/developer 
capabilities to provide equipment, support 
services, and performance guarantee.

PROGRESS AND RESULTS

H25 control technologies were divided irto 
three categories for powerplant operations:

•  Upstream controls -- Refers to 
removal of H2S before the conversion 
process. Either vapor- or liquid-phase 
treatment may be required, depending 
on whether the geothermal resource is 
vapor- or liquid-dominated.

•  Vent control -- Refers to processes 
that can be used for H2S removal 
from noncondensable gas streams.

•  Condensate/cooling water technology
-- Refers to removal of H2S from 
liquid streams.

Candidate processes for each category were 
evaluated using the following factors:

•  Process availability
•  Ease of adaptability to application

• Potential for H2S removal
•  State of development
• Cross-media impacts
•  Operating constraints
• Total annual power cost

Table 6 shows a compilation of the final 
evaluation in ranked order for the three cate
gories.

PLANS FOR NEXT PERIOD

The draft report will be updated for recent 
changes in H2S control systems, and a final 
report will be published in FY 1979 ref lee*'ng 
their current state.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

• May 31, 1979 -- Final report

PREPLANNING OF ENVIRONMENTAL 
PROJECTS: ASSESSMENT OF 

ENVIRONMENTAL CONTROL TECHNOLOGIES

ORGANIZATION AND CONTRACT NUMBER

Lawrence Livermore Laboratory 
W-7405-ENG-W

PRINCIPAL INVESTIGATOR

J.H. Hill

OBJECTIVE

The objective of this project is to identify 
environmental control technology requirements 
that must be addressed so that geothermal devel
opment can proceed in an environmentally 
acceptable manner at The Geysers-Calistoga 
known geothermal resources area (KGRA). A 
preliminary assessment for control requirements 
relating to air, surface waters and groundwaters, 
ecosystems, geological disturbances, and health 
is to be made, including the following data:

•  Identification of the environmental 
control needs (issues)

• Identification of existing environmental 
control technologies and of environ
mental control technology work under
way and planned
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Table 6. Evaluation Grid for Comparing H2S Removal Processes

t'rocess Ease of
Availability Adaptability 

(C or D) (+, -)
Potential State of total Annual

for Development Cross-Medii Ô aratlng Powtr Cost
HgS Removal (L, P, CM) Impacts Constraints (m11l/*:Wh)HjS Removal Process

Upstream Technology
EIC process®
Deuterium process8 
Solid sorbent process3
Dow oxygenst1 on process'1
Vent Controls
Stretford process 
Jefferson take process 
Burner-scrubber process
Cooling Water/Condensate Controls
Iron catalyst process
Hydrogen peroxide process
Ozone process 
Wackenroder reaction

Not known 
Not known

97t
90*Not known

90-100*

99*Not known 
50*

90-9?*
88*

Not known 
Not known

CM

Not even L
I

None 
Not known 
Not known

S02

None Not known 
SO?, N0X

Sludge 
disposal 

Not known
Not known 
Not known

None 
Not known Not knowr
Corrosion

None Not known 
None

Corrosion

Not known 
Not economic 

( 10)9

0.5 
Not known 
Not known

0.4 
Not knownHigh

temperature0 
Not known Not known
Not known Not known

a For vapor-donlnated sources. Legend: C-concept, D-demonstrated, L-lab scale, P-pilot scale, CM-commerc1al scale.
b For Hqu1d-dcm1nated sources. 
c Requires surface contact condensers. 
d Safety aspects may be an added problem.

•  Assessment of available information 
and existing plans for control tech
nologies

•  Identification of gaps in environmental 
control technology for geothermal 
development

Resulting information will be used by the 
Department 01 Energy for guidance in identifying 
and setting research and development require
ments for control technologies.

APPROACH

Environmental, health, and safety issues are 
being addressed in a related program, Prelim
inary Assessment and Planning for Geothermal 
KGRAs, essentially on an individual KGRA 
basis. A workshop method has been used suc
cessfully at The Gey^rs-Calistoga, Roosevelt 
Hot Springs, Long Valley, and Coso Hot Springs 
KGRAs. At these workshops, environmental con

trol technology requirements can be considered 
effectively.

The workshop serves to bring people (repre
senting Government agencies, developers, 
utilities, technical organizations, and tiie public) 
together to identify requirements and provide 
information on prior and planned environmental 
control technology development. It also serves
to finalize the entire preplanning program.

This project is to be performed in concert 
with local and regional interests A subcontract
to a tochnicil group or university is to bo used
for assistance in information assembly, analysis, 
conduct of the workshop, and preparation <ti the 
project report.

PROGRESS AND RESULTS

This project was initiated in the fourth
quarter of FY 1978. Services of the Geothermal 
Resources Council were arranged by contract for
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assistance in accomplishing a workshop for the 
joint interests of the Lawrence Livermore 
Laboratory, Environmental Science Division, and 
the Geothermal Resources Impact Projection 
Study, a joint-powers agency of Napa, Sonoma, 
Lake, and Mendocino counties, which include 
portions of The Geysers-Calistoga KGRA. Broad 
participation in planning was accomplished 
through the use of a steering committee. The 
Geysers Geothermal Environmental Committee, 
an industrial group, prepared an overview 
summary on hydrogen sulfide control to provide 
background information for ti« workshop, which 
was scheduled for October i l  and 12, 1978.

PLANS FOR NEXT PERIOD

This effort will continue in FY 1979, first 
quarter, during which time the workshop will be 
held and the report prepared. There are options 
for continuance at other KGRAs.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  December 30, 1978 -- Project report 
for The Geysers-Calistoga KGRA

ASSESSMENT OF ENVIRONMENTAL CONTROL 
TECHNOLOGIES FOR HIGH MAGNETIC 

FIELDS

ORGANIZATION AND CONTRACT NUMBER

Los Alamos Scientific Laboratory 
A985

PRINCIPAL INVESTIGATOR

W.V. Hassenzahl

OBJECTIVES

The objectives of this program were to 
assess the relative efficiency of various means of 
reducing magnetic field strengths, both within 
and beyond the site boundaries for nuclear 
fusion, using magnetic confinement, magneto- 
hydrodynamics (MHD) for power generation, and 
superconducting magnets for energy storage 
(SMES), and anticipating official or unofficial 
standards of ambient magnetic field strengths.

APPROACH

The magnets associated with the above 
technologies are unshielded and produce magnetic 
fields on the order of 10 tesla (1 tesla = 10,000 
gauss). Strong magnetic fields may have adverse 
effects on the health of workers in facilities 
employing magnetic technologies. Even relatively 
weak fields (down to a few gauss) existing near 
these devices may have environmental effects of 
a biological or nonbiological nature. (For com
parison, the Earth's natural magnetic field is 
about 0.5 gauss.)

Four computing facilities at Los Alamos 
Scientific Laboratory were used to calculate 
magnetic field levels as a function of distance 
from various energy-related devices, including 
SMESs, MHD power sources, and fusion re
actors. In addition, the parameters of shield 
coils required to reduce ambient magnetic field 
strengths to below given levels wire calculated. 
The various means of controlling magnetic field 
strengths (e.g., site location and orientation, 
fence placement, ferromagnetic material place
ment, shield coils) were compared as to effec
tiveness and cost.

PROGRESS AND RESULTS

A final report was prepared and published 
identifying the most economical shielding method 
for the above-mentioned energy-related devices. 
The results are shown in Table 7.

PLANS FOR NEXT PERIOD

None

REPORTS PUBLISHED

"Evaluation of Environmental Control Tech
nologies for Magnetic Fields," DOE/EV-0029, Los 
Alamos Scientific Laboratory, August 1978.

PROJECTED MILESTONES

None

COMPRESSED AIR ENERGY STORAGE: 
ENVIRONMENTAL CONTROL CONCERNS

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory 
EY-76-C-06-1830
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Table 7. Most Economical Shielding Method* for Several Energy-Related Technologies 
and Three Potentially Acceptable Field Levels

Energy
System

Field
Level
(G)

Required
Land
(acres)

Required 
Iron 
(10® kg)

Active Shield 
Cost
(t of primary 
maqnet's cost)

Most
Economical

Electric
power
generation:
WU

10
0.3

HP
112

NR
l.fi

NP
Percentaq*
unknown
1.1 » lo6 

1977 dollars

NP
land

Maqnetlcally 
levitated 
vehirles: 
Magneplane

10 
200 

0.1
Imp .1

Included In 
present r'esiqn 
specif 1 cat ior. ̂

Sc
I ron/imp'’ 
1 ron/imp1*

TMLV 200
10
0.3

Imp .01 42*
NP

Iron/ Imp'"
Maglev 200

10
0.3

Imp .01 43*
NP

Iron/fmpa
Supercon
ducting ac 
generator! 0.3 NR NR NR NR

Transmiss1 in 
lines

0.3 NR NR NP HP

Tokamak: 
TEPR

10
0.3

HR
6U

NR
7

uo
15X(30-m radius)*3

NP 
Land/SC

Tokamak: UWMAK I
200
10
0.?

NR
25

250
NR
B0
80

NR
27%(40-m radius)!’ 
27*f40-m radius)

NR
Land
Land/SC

Tokamak: 
UWMAK II

200
10
0.3

NR
18

125
NR
40
40

NR
29*(40-nt radius)b 
29<(40-m radius)1’

NR
Land
Land/SC

Tokamak: 
UWMAK III

10
0.3

NR
50

NR
10

NR
5.9%(40-m radius)b

NR
Land/SC

Yin-Yang
reactor 10

0.3
NR

122
NR
15.6

NR
4.8*(45-m radius)̂

N’ 
Land/SC

Field- 
reversed 
mi rror reactor

10
0.3

NR
64

NR
9.8

NR NR
Land/SC

Tandem
mirror
reactor

10
0.3

NR
46

NR
41.3

NR
3.3*(25-m rad1us)b

NR 
Land/SC

Energy 
storage: 
SMES coil

200
10
0.3

NR
2,000

14.050
NR

11.667
11.667

NR
4.3*(850-m

rad1us)b
NP 

Land/SC 
Land/SC

NR - Ho shielding required. I.e., the field drops to the specified
level at the site boundary determined by conditions other than 
magnetic fields, to which the general public has access.

Imp - Not possible to shield to this level.
SC - Shield co11
a - The use of iron In levitated trains for shielding will probably

add too much weight to the vehicle to allow efficient operation.
b - See text for discussion of costs of shield coils with different

radii.
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J. Stottlemyre
R.A. Craig

OBJECTIVE

The objective of this task is to identify
environmental factors that may be associated
with the operation of compressed air energy 
storage (CAES) 'ddlities, to quantify the im
pacts of theu facte.s, and to identify or 
develop cr>r> re! technologies, as needed, to 
ameliorate adv se impacts.

APPROACH

The approach taken in this project has been 
to review the literature relating to CAES, in
cluding previous work reiating to possible 
environmental concerns, and to engage in direct 
communication with researchers exploring the
technical factors associated with CAES. This 
information was then =•'.embled to develop a
management plan for future work.

PROGRESS AND RESULTS

A management plan for that part of the 
program relating to CAES in a porous medium 
has been prepared. Expansion of this plan to 
include ?torage in conventionally mined hard-rock 
caverns and solution-mined salt domes as well as 
compensated and adiabatic systems is underway. 
Also, a paper has been prepared for the Environ
mental Aspects of Nonconventional Energy re
sources meeting to be held in September 1978. 
This paper delineates the environmental concerns 
identified to date and describes this research 
program.

PLANS FOR NEXT PERIOD

During FY 1979, those environmental factors 
that have been identified will be studied, ard 
the magnitudes of the impacts derived from 
these environmental factors will be assessed. 
These imp? fs will he determined both in an 
absolute sen.e and relative to the corresponding 
impacts for conventional gas- or oil-fired turbine 
generator sets. Where information to perform 
the evaluations is lacking, research to determine 
the needed data will be initiated.

REPORTS PUBLISHED

"Management Plan: Environmental Concerns
in Compressed Air Energy Storage," PNL 2425, 
working paper, Pacific Northwest Laboratory.

PRINCIPAL INVESTIGATORS

•  FY 1979 -- Management plan

PROJECTED MILESTONES

ASSESSMENT OF ENERGY-CONSERVING 
INDUSTRIAL WASTE TREATMENT 

TECHNOLOGY

ORGA, iZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory
EY-76-C-06-1830

PRINCIPAL INVESTIGATOR

B.W. Mercer 

OBJECTIVES

The objectives of this project are to provide 
an overview of current industrial pollution control 
practices, assess DOE activities in this area, and 
prepare a plan on recommended alternative 
possibilities of energy-conserving industrial waste 
treatment processes.

APPROACH

A comprehensive literature review was 
undertaken to establish an industry priority list, 
develop industrial process diagrams, determine 
industrial pollutant discharges, and identify 
current study areas. Published data and informa
tion or data collected from industrial trade 
groups were* used to develop the necessary data 
base. Possible industrial waste treatment areas, 
where additional research into energy-conserving 
processes is needed, were identified.

PROGRESS AND RESULTS

The study was completed and a draft report 
submitted for review. The primary conclusion of 
this study is that insufficient data are available 
to fully define energy requirements for Pollution 
control for most industries. The principal excep
tion is the iron and steel industry, which con
sumes an estimated 25 percent of the total 
energy used by manufacturing industries for pol
lution control. Energy required by industry for 
pollution control during 1977 is about 3 percent 
of the total energy consumed by industry, and 
efforts are underway to implement energy- 
conserving technology into the industrial pollution 
control field.
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Energy consumption has not characteristically 
been a key parameter considered by industry for 
deciding the type of pollution control strategy to 
implement. Instead, the decision has been based 
on factors such as total cost, maintenance re
quirements, ease of operation, and dependability 
in controlling the pollutant. However, as energy 
becomes more expensive, it affects the decision 
mechanism and begins to play a key role in 
determining operating costs. By developing ana 
implementing energy conserving pollution control 
alternatives now, as discharge standards become 
more stringent,the cost to industry and the 
related energy requirement can be maintained at 
a minimum.

ENVIRONMENTAL CONTROL TECHNOLOGY 
REQUIREMENTS FOR FUTURE ALTERNATING 

CURRENT, HIGH-VOLTAGE OVERHEAD 
TRANSMISSION FACILITIES

ORGANIZATION AND CONTRACT NUMBER

SRI International 
EY-76-C-03-Q115

PRINCIPAL INVESTIGATOR

1\L. Walton

Many industries are currently involved in 
reviewing total in-plant energy use. This review 
has shown that plant process modification and 
waste recovery can conserve significant quantities 
of energy. The potential energy savings through 
development and implementation of more energy- 
efficient pollution control systems is less signifi
cant. However, a general lark of hard data 
relative to pollution control energy requirements 
for the various industrial processes makes this 
analysis difficult to quantify.

To achieve more energy conservation in the 
industrial pollution control field, the following
steps are recommended:

•  Develop the capability to view the
many pollution control alternatives on 
a comparative basis and

» Modify or develop new energy-
conserving pollution control tech
nologies that offer an economic advan
tage to the user. Areas immediately 
amenable to such research efforts 
include sulfur oxide control, advanced 
wastewater treatment processes, high- 
temperature particulate collection, and 
collection of fine particulate matter.

OB1ECT1VE

The main objective of this program is to 
provide the Division of Environmental Control 
Technology with an overview of current under
standing about environmental impacts of high- 
voltage transmission lines by assessing testimony 
recentl) submitted for licensing a 765-kV line.

APPROACH

SRI is emploving a multidisciplinary team to 
review the potential environmental impacts of 
overhead high-voltage transmission and to recom
mend research on environmental impacts and
environmental control technology when appro
priate. SRI is conducting the following work:

•  Task I: Review DOF. requirements
for new a.c. overhead high- 
voltage transmission facili
ties

•  Task II: Review recent documenta
tion to determine environ
mental impacts

•  Task III: Describe environmental im
pacts

PLANS FOR NEXT PERIOD

The review of the draft report will be com
pleted.

REPORTS PUBLISHED 

None

PROJECTED MILESTONES 

None

Task IV: Assess environmetal control
technology

Task V: Evaluate the ability of
environmental control tech
nology to meet known 
environmental needs

Task VI: Determine needed research
and development beyond 
that which DOE is currently 
considering
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The draft final report was completed in June 
1978 and is currently undergoing DOE review 
before publication of the final report.

PLANS FOR NEXT PERIOD

A final report will be published in FV 1979.

PROJECTED MILESTONES

• May 31, 1979 -- Final report

PROGRESS AND RESULTS

REVIEW OF THE RESEARCH STATUS ON 
DIESEL EXHAUST EMISSIONS, THEIR HEALTH 

EFFECTS, AND EMISSION CONTROL

ORGANIZATION AND CONTRACT NUMBER

The Aerospace Corporation
EY-76-C-03-1101 (PA-10)

PRINCIPAL INVESTIGATOR

V. Kebcly 

OBJECTIVE

The objective of his project is to summarize 
the state of knowledge on the nature and 
quantity of diesel emissions, their transport and 
fate , their health effects, and the status of 
relevant control technology to determine the 
potential effects of an increased fraction of 
diesels in the light-duty vehicle fleet in the 
future.

APPROACH

The attributes and factors to be considered 
for diesel vehicles include initial cost, emissions, 
efficiency, weight, packageability, noise, v.bra- 
tion, power response and drivability, maintenance 
requirements, response to abuse and neglect, 
starting characteristics, safety, and design and 
fuel versatility. A summary of past and current 
research and relevant issues will be provided.

PROGRESS AND RESULTS

The survey was conducted during May and 
June 1978 and was based on reviews of published 
data, computer searches of research project 
inventories, discussions with both Federal and 
private-sector organizations, and information 
obtained through attendance at the joint 
Department of Transportation (DOT)/DOE/EPA

workshop in Washington, D.C. (April 27 and 28, 
1978) and the EPA symposium in Ann Arbor, 
Michigan (May 17-19, 1978). The survey was 
completed and documented in June 1978.

PLANS FOR NEXT PERIOD

The survey will be updated based on new 
published data and research activities. A final 
report will be published by September 1979.

REPORTS PUBLISHED

J.F. Chalmers, E.D. Fullenwider, M.G. 
Hinton, and J.C. Tomlinson, "Review of the Re
search Status on Diesel Exhaust Emissions, Their 
Health Effects, and Emission Control Tech
nologies," ATR-78(7716)-3, Reissue A, The 
Aerospace Corporation, June 1978.

PROJECTED MILESTONES

• September 1979 — Final report

REVIEW OF STATE AND FEDERAL 
ENVIRONMENTAL REGULATIONS 

PERTAINING TO THE ELECTRICAL EFFECTS 
OF OVERHEAD TRANSMISSION LINES

ORGANIZATION AND CONTRACT NUMBER

Shah and Associates, Inc.
EV-78-X-1802-0

PRINCIPAL INVESTIGATOR

K.R. Shah 

OBJECTIVE

The objective of this project is to compile a 
listing of State and Federal environmental regula
tions concerning high-voltage, overhead trans
mission lines.

APPROACH

Since the introduction of the National Envi
ronmental Protection Act of 1969, many Federal 
and State agencies have enacted legislation to 
minimize the impact on the environment tra
versed by new transmission lines proposed by the 
Nation's electric utility industry.

Initially, the major thrust of these regula
tions was in the category of "transmission line 
aesthetics." Lately, however, as the public 
became more informed and educated on other
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aspects concerning the safety of overhead lines 
and with the increase in the number of miles of 
overhead extra-high voltage transmission lines, 
the emphasis has shifted to the electrical effects 
of overhead lines designed for operation at 230 
kV and above. Electrical effects of overhead 
transmission lines are corona-generated effects 
consisting of radio and television interferences, 
audible noise emission, ozone generation, and ion 
drift; induced voltage effects on humans, 
animals, and metallic objects; "round current 
potential effects; and conductive coupling 
effects. In recent years, some State agencies 
have introduced regulations limiting the electrical 
effects of the proposed overhead transmission 
lines. These limitations are imposed through 
either State-enacted legislation or through the 
certification process.

For this project, appropriate agencies of the 
State and Federal Government were contacted to 
obtain existing and proposed legislation and regu
lations, through June 1978, dealing with these 
electrical effects. There was no attempt to 
review either the design of transmission lines, 
operation and maintenance practices of any 
electric utility, or proceedings of all certifica
tion applications submitted to the states by the 
electric utilities.

PROGRESS AND RESULTS

The following conclusions were reached:

•  Only 27 states had enacted legislation 
enabling th“ preparation of Environ
mental Impact Statements for the pro
posed transmission lines. Two others, 
New Jersey and Delaware, have to 
comply only with coastal zone permit 
regulations. All these states are 
required to address the impact of the 
electrical effects of overhead trans
mission lines on the environment 
traversed.

•  Concerning interference to communica
tion facilities, 26 states, the Federal 
Communications Commission, Rural 
Electrification Administration (REA), 
and the Office of Nuclear Reactor 
Regulation (ONRR), require evaluation 
of the impact on and implementation 
of measures to protect the quality of 
radio and television reception and 
other communication facilities. How
ever, neither the states nor the re
sponsible Federal agencies have

developed guidelines or quantitative 
values for evaluating performance.

•  Concerning public safety and comfort,
28 states, REA, and ONRR require
evaluation of public safety and com
fort and undue hazard to property 
along the area traversed by the pro
posed lines during construction, opera
tion, ar i maintenance. Only Oregon 
limits the electric field to 9 kV/m 
a.c. rms maximum within the right- 
-of-way. No other State or Federal 
agency has established any quantitative 
value on maximum permissible electric 
field strength at ground level. How
ever, because most of the states have 
adopted the National Electrical Safety 
Code, the utilities will have to design 
overhead lines so as to limit the 
current due to electrostatic effects to
5 mA (rms). There are no quantita
tive limits or nonquantitative require
ments from any state concerning 
magnetic fields generated by overhead 
lines.

•  Concerning noise pollution, there are
24 states with enabling legislation for 
noise control. Only 10 states have 
established noise guidelines. The 
permissible audible noise emission 
limits at the property line vary from 
40 to 70 dB. Also, the permissible 
sound pressure levels at various octave 
band frequencies vary from state to 
state.

The Environmental Protection Agency 
(EPA), which has the primary respon
sibility for noise source emission regu
lations, has identified requisite noise 
levels to protect public health and 
welfare for a large number of situa
tions.

REA and ONRR require estimation of 
audible noise during the operation of 
transmission lines and a discussion of 
any corrective measures to minimize 
the impact of this noise.

•  Concerning air quality, 28 states have
enabling legislation for air quality. 
Twelve states and the EPA have air 
quality standards dealing with ozone 
and oxides of nitrogen emissions. EPA 
has the following standards:
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Ozone: 0.08 ppm (by
volume) not to be 
exceeded more 
than once a year

Oxides of
nitrogen: 0.05 ppm maximum

annual arithmetic 
mean.

PLANS FOR NEXT PERIOD

The final report will be published.

REPORTS PUBLISHED

"Review of State/Federal Environmental 
Regulations Pertaining to the Electrical Effects 
of Overhead Transmission Lines 1978,"
HCP' :v-1802, Shah and Associates Inc.

PROJECTED MILESTONES

• January 1979 -- Final report

ENVIRONMENTAL CONTROL REQUIREMENTS 
IN SOLID VASTE PROCESSING AND ENERGY 
RECOVERY FACILITIES: WATER POLLUTION

ORGANIZATION AND CONTRACT NUMBER

Iowa State University
W-7<*05-ENG-82

PRINCIPAL INVESTIGATOR

J.C. Young 

OBJECTIVES

The general objectives of this project are to 
perform independent assessments of the environ
mental controls needed for urban waste utiliza
tion and to identify and foster development of 
novel solutions to environmental control problems.

APPROACH

The general approach for this project will 
be, first, to perform a preliminary assessment of 
controls needed for air and water pollution, and 
then to undertake more detailed assessment work 
which is in concert with and will complement 
activities sponsored by other environmental 
groups.

The project consists of three phases. Phase 
1 (October 1976 through September 1977) in
volved surveying existing technology through 
literature reviews, site visits, and working with 
design engineering and manufacturing firms. This 
survey helped to identify points of ” ater use and 
wastewater production and document available 
information. In addition, it served as a basis fre
developing follo'vup procedures for collecting 
additional data needed to accomplish the objec
tives of the evaluation program. Phases 2 and 3 
(Octobcr 1977 and following) will involve de
tailed followup studies to determine the treat
ability of wastewaters produced, evaluate the 
availability and suitability of water pollution con
trol technology to treat these wastewaters, and 
identify possible ways to reduce water use and 
wastewater production.

PROGRESS AND RESULTS

Phase 1 (FY 1977) has shown that water is 
used at solid waste processing/energy recovery 
facilities for scrubbing offgasses from burning 
operations, quenching incinerator residues, 
sluicing ash from incinerators and air pollution 
control devices, cooling, lubricating, fire
fighting, and miscellaneous housekeeping. There 
has been essentially no documentation of the 
volume of water used for, or wastewater 
produced by, these functions. In most cases, no 
measurements of wastewater quantities have been 
made and very little data are available on the 
quality of wastewaters. Wastewater streams are 
discharged to sanitary sewers without regard to 
their treatability or impact on municipal treat
ment systems.

The final report for Phase 1 cataloged known 
data on water use and wastewater production for 
(1) mass-burning facilities (Nashville, Tennessee, 
and Saugus, Massachusetts); (2) mechanical pro
cessing for supplemental fuel production (Ames, 
Iowa; Chicago, Illinois; Milwaukee, Wisconsin; 
Baltimore County, Maryland; and East. 
Bridgewater, Massachusetts); (3) wet processing 
(Franklin, Ohio); {U) pyrolysis (Baltimore, 
Maryland; South Charleston, West Virginia; and 
El Cajon, California); and (5) bioconversion 
systems (Pompano Beach, Florida) and landfill 
gasification. Figure 37 is a sample schematic of 
the Union Carbide PUROX pyrolysis plant in 
South Charleston, West Virginia, and Table 8 is 
a listing of the wastewater pollutants from that 
plant.

Phase 2 (FY 1978-1979) emphasizes (1) 
treatability of wastewaters from processing/
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Wastewater or solid residue samples have 
been collected from the following plants:

•  Liquid and solid residues from Union
Carbide's PUROX pyrolysis process at 
South Charleston, West Virginia;

•  Liquid discharges and solid residues
from ash sluicing at the Refuse-
Derived Fuel plant in Ames, Iowa;

• Liquid and solids from the anaerobic
digestion process of waste from the
Franklin, Ohio, plant and from 
laboratory-scale systems at Iowa State 
University; and

• Ash and liquids from the mass-burning 
plant at Nashville, Tennessee.

PLANS FOR NEXT PERIOD

Phase 3 (FY 1979) will involve an assess
ment of the ability of advanced chemical and
physical processes to remove the contaminants 
from wastewaters produced at solid waste pro
cessing/energy recovery facilities. Processing 
plants being considered for assessment include

Table 8. Characteristics of Untreated PUROX System 
Process Wastewater

Characteristic Ranqe

Flow rate , gal/ton of refuse 80-100
Temperature, °F 90-110
pH 3.5-4.5
COO, mg/1 
BOD5 , mg/1

50,000-77,000
30,000-52,000

Suspended solids, mg/1 30-50
Oil and grease, mg/1 500-1000
Organics, weight %

Methanol 0 . 6 - 1.1
Ethanol 0.3-0.5
Acetone 0.3-0.5
Methyl Ethyl Ketone 0.06-0.1
Acetic Acid 0 .5-0.8
Propionic Acid 0.25-0.4
Butyric Acid 0.06-0.1
Furfural 0.3-0.5
Phenol 0.06-0.1
Benzene 0.03-0.06
Other 0.2-0.38

Total 2.66-4.54

Figure 37. Schematic Diagram Showing Parts of 
Water Use in Union Carbide's PUROX Plant 
Located at South Charleston, West Virginia

energy conversion facilities by conventional treat
ment processes and (2) leachate studies related 
to landfilling or land disposal of liquid and solid 
residues. The fate of specific organics, 
especially priority pollutants, is traced through 
these treatment processes.
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(1) mechanical processing (Ames, Iowa); (2) wet 
processing (Louisville, Kentucky); (3) pyrolysis 
(South Charleston, West Virginia); and (4) bio
conversion (Pompano Beach, Florida).

REPORTS PUBLISHED

The Phase 1 final report was published in 
September 1978.

PROJECTED MILESTONES

•  April 1, 1979 -- Phase 2 interim
report

•  October 1979 -- Phase 2 final report

FEASIBILITY STUDY ON TRANSFORMER 
NOISE REDUCTION SYSTEM

ORGANIZATION AND CONTRACT NUMBER

Westinghouse Electric Corporation
EE-77-C-02-4376

PRINCIPAL INVESTIGATOR

D.A. Yannucci 

OBJECTIVES

The objectives of this project are to 
demonstrate the feasibility of reducing audible 
noise for a scale-model power transformer using 
an active sound reduction system and to compare 
the estimated cost of this system with other 
sound reduction techniques. The design goal is 
to demonstrate sound reduction of 20 dB over 
the audible noise spectrum of 120 to 360 Hz.

APPROACH

Because of the recent and anticipated 
emphasis on noise pollution control, transformer 
noise is becoming increasingly important. To 
verify the feasibility of an active noise abate
ment system, two engineering prototype sound 
cancellation units that will be suitable for 
reducing low-frequency sound from a small model 
of a full-scale transformer will be designed and 
constructed. The model transformer will consist

of a stacked, mitered, electrically oriented steel 
core with a winding wound over the core. It 
will be oil filled, and the core operating flux 
density will be approximately 1.7 teslas. Modifi
cations to the transformer container by the addi
tion of sound barriers will be necessary to pro
vide an acoustic frequency spectrum more similar 
to an actual-size transformer. Both A- and 
C-weighted scale decibel measurements will be 
made.

The reduction system uses an active control 
system that requires speakers to produce a 
volume flow of air nearly out of phase with that 
of the sound-producing surfao at all frequencies 
of interest. Air thus flows back and forth 
between the spedkers and surface leaving only a 
small residual net outward flow that manifests 
itself as sound. The system includes a closed 
loop control that will compensate for environ
mental changes and for changes in the trans
former core due to a varying applied voltage. 
To verify that transformers are designed to the 
correct sound level, units are tested in a 
anechoic chamber. Inside the concrete walls is a 
separate wooden room with a lining of glass fiber 
wedges. The A-weighted attenuation of sound 
from the outside of the main door to the inside 
of the room is 60 dB. The sound instrumentation 
uses multiple condenser microphones with 
arrangements for switching. Octave-band, one- 
third octave-band, and narrow-band analyzers are 
used for analysis, and graphic and magnetic tape 
recorders can be u 'd for recording.

An economic analysis is being made by 
comparing the cost ratios of reducing the sound 
level of a 3-MVA, 115-kV power transformer by
10, 15, and 20 dB on the A-weighted scale with 
the cost of placing the sound reduction system 
on a standard sound level transformer. Cost 
ratios with sound barriers are also being investi
gated.

PROGRESS AND RESULTS

The engineering prototype units were tested 
in an anechoic chamber. Measurements were 
taken (a) 36 inches from the unit and (b) around 
the unit at eight locations with a radius of 5.5 
feet, for a "footprint" pattern. Figure 38 shows 
this arrangement. The results for abatement in

103



sound level in decibels for item (a) at different 
applied voltages follow:

-o— - ■

'MOM • UFHT

0 - QI inmrnwnl I

Figure 38. Sound Level Measurement Points

Voltage 120 Hz 200 Hz 360 Hz

120
130

9
20

37
25

21
13

The results for item (b) for abatement 
level in decibels follow:

Point 1 2 3 5 6
Reduction 16.3 8.9 9.8 -0.6 -3.6 -2

PLANS FOR NEXT PERIOD

The final report will be prepared.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  May 31, 1979 -- Final report

IM
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NUCLEAR ENERGY

Nuclear energy assessments supported under 
Environmental Engineering in FY 1978 consisted 
of the following:

•  Assessment of the environmental con
trol aspects of alternative nuclear fuel 
cycles,

•  Continuation of the assessment of 
alternate waste management concepts, 
including investigation of the environ
mental and technical ieasibility of 
high-level waste disposal into deep 
ocean sediments, and

•  Development of methods for assessing 
the adequacy of the environmental 
protection and public safety afforded 
by DOE nuclear energy material ship
ping container systems.

The nuclear fuel cycle activities continue to 
provide an environmentally sensitive assessment 
of the effluent control systems used in the fuel 
cycle of current and proposed nuclear energy sys
tems. Recommendations are made for develop
ment or application to ensure that systems are 
available to meet present and potential environ
mental standards and pc ies. Information devel
oped in FY 1978 in the nuclear energy program 
was used to support Division of Environmental 
Control Technology participation in the 
President's Interagency Review Group on Nuclear 
Waste Management.

During FY 1978, a major effort was con
centrated on a detailed analysis of the effluents 
from typical light water reactor (LWR) fuel 
cycle facilities. The typical facilities included 
both underground and surface mines, uranium 
mills using an acid leach solvent extraction 
process, UFg conversion using an aqueous 
process, gaseous diffusion plants, boiling water 
and pressurized water reactors, and fuel re
processing. Options that were considered in FY 
1977 and continued into FY 1978 include nome- 
processing of uranium reference fuel with stow
away or throwaway (disposal) alternatives, co
processing of uranium and plutonium (with 
removal of fission product waste only), coproces
sing of uranium and plutonium with spiked fuel, 
and thorium utilization in the LWRs.

The near-term objectives of the ocean bed 
emplacement studies are to assess the environ
mental and technical feasibility of providing iso
lation of high-level radioactive waste beneath the 
deep ocean floor in a geologically stable and bio
logically inactive region and to maintain the ca
pability of assessing ocean emplacement programs 
developed by other countries.

During FY 1978, detailed assessments of 
the vertical consistency of the deep ocean sedi
ments were continued by examination of sediment 
core specimens. Initial assessment of the proper
ties barring migration of selected radionuclides 
through sediment materials was initiated for red 
clay and calcareous sediments, and the char
acterization of the deep ocean and bottom- 
dwelling biological communities was continued to 
determine biological effects and possible bio
logical concentration mechanisms and transport 
pathways.

The assessment of ocean bed emplacement 
has international implications in terms of the 
potential for contribution to solving the waste 
management problem on a worldwide scale and in 
terms of the sensitivities and restrictions estab
lished by international treaties for any acts that 
pollute the world oceans. These implications are 
continually addressed in the assessment program, 
and information is provided to various joint pro
grams as well as to conferences and discussions 
of international policies affecting the seas.

The Environmental Engineering analysis and 
testing program, which is designed to assess the 
adequacy of the environmental controls provided 
by nuclear fuel and waste shipping container sys
tems used in the fuel cycle, was continued in 
FY 1978. Activities focused on experimental and 
analytical studies for predicting containment fail
ure under impact accident conditions with the 
goal of rationally establishing margins of safety 
and confidence. This program is performed by 
developing experimental and analytical tools as 
well as needed test data. Pertinent aspects of 
commercial transportation systems, within which 
the nuclear shipments must operate, are also 
considered. Such data and analysis benefit the 
safety of all nuclear material shipment systems.
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FY 1978 activities include continuation of 
the development and efforts to experimentally 
verify computer codes to predict impact response 
of shipping containers, the incorporation of newly 
developed material behavior descriptions in such 
codes, and scale model impact tests of con
tainers. A project to develop a computer code 
to approximate the impact orientation for which 
secondary impact could be most severe was com
pleted.

Analytical results and test data that have 
been accumulated to date include testing full- 
scale casks with carrier structure and impact 
limiters at impacts of up to 80 mph to deter
mine the validity of some of the modeling tech
niques developed under this program. Develop
ment of analytical and experimental techniques 
for assessing the adequacy of these transportation 
systems continued in FY 1978. Additionally, the

response of fuel and waste container systems 
under conditions of simulated malevolent attack 
were continued.

Work was continued to develop and main
tain a nuclear transportation accident data bank 
for use by Government agencies and the public 
(a continuing program begun in FY 1976); collect 
and publish statistics and data on DOE's own 
transportation operations program; and develop 
films, booklets, and exhibits about the environ
mental and safety aspects of the transportation 
of fuels and wastes. This activity incorporates 
new data, technical information, and visual aid 
material derived from all related projects to 
demonstrate the assessment by the Assistant 
Secretary for Environment of these environmental 
control systems. The output of these efforts is 
included in DOE's information and technical 
information exchange programs.
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ANALYSIS OF NUCLEAR FUEL CYCLES

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory
EY-76-C-06-1830

PRINCIPAL INVESTIGATORS

R.M. Fleischman
C.H. Bloomster
T.J. Kabele
P.3. Mellinger
H.J. Willenberg

OBJECTIVE

The goal of this program is to provide an 
independent overview of environmental control 
technology development for nuclear fuel cycles to 
ensire that environmental control technologies 
will not limit the implementation of these 
cycles. The objective of the project is to 
recommend where research and development will 
improve effluent control on a cost-effective 
basis.

APPROACH

The approach selected to meet the program 
objective is to evaluate the light water reactor 
(LWR) fuel cycle as a reference point for 
analysis of alternative fuel cycles and advanced 
nuclear energy systems and to evaluate specific 
topics identified as important issues in environ
mental control of nuclear fuel cycles. Studies 
are underway in the areas of fusion, thorium and 
advanced uranium resource extraction, and alter
nate fuel cycles.

The technical approach within each program 
objective is to (1) develop generic descriptions 
of the fuel cycles and facilities in question, (2) 
identify potential environmental releases from 
each facility, (3) assess current capabilities to 
control environmental releases, and (4) identify 
areas where environmental control technology 
should be developed. Cost-effectiveness analysis 
will be used in areas where there is sufficient 
information to provide a cost perspective.

PROGRESS AND RESULTS

Light Water Reactor Analysis

The analytical methodologies developed during 
FY 1977 were employed during FY 1978 in a 
detailed analysis of the effluents from a typical

LWR fuel cycle. Three fuel cycle configurations 
were examined: the once-through uranium cycle,
the once-through uranium cycle with reprocess
ing and no recycle, and a mixed-oxide cycle 
with reprocessing and full uranium/plutonium re
cycle. The fuel cycle configuration was found to 
have important implications for environmental 
control technology requirements.

The detailed evaluation of the effluents from 
the LWR fuel cycles began with a generic 
facility and process description for each part of 
the fuel cycle. The generic plants included both 
underground and surface mines, uranium mills 
using the acid leach solvent extraction process, 
UFg conversion using an aqueous process, gaseous 
diffusion enrichment plants, both pressurized 
water reactor (PWR) and boiling water reactor 
(BWR), and fuel reprocessing. The reactor fuel 
cycle model included first core materials at sub
equilibrium enrichment and exposure, first reload 
material, equilibrium material and, finally, 
material discharged below goal exposure at the 
end of reactor life. The appropriate mix of 
these materials was determined by an assumed 
nuclear generation scenario and the plant capa
city factor versus age of the generic reactor 
type (PWR or BWR). Thus, the reactor radio
nuclide emissions reflect changes due to the 
growth and maturing of the LWR industry. An 
internal mass balance analysis was performed to 
determine projected levels of both radioactive 
and nonradioactive environmental releases. An 
assumed nuclear-generated electricity production 
scenario was used to project the quantity of 
environmental releases emitted from each fuel 
cycle facility as a function of time and to 
normalize these releases to the total operation of 
a specific fuel cycle.

Two generic sites were used to evaluate the 
impact of the effluents on surrounding popula
tions. The first site, based on an arid Western 
United States environment, was used as the loca
tion of the uranium mine and mill. This site 
represents an arid, sparsely-populated inter
mountain plauteau. The second site, based on a 
rural midwest United States environment, was 
used as the location of all other facilities in the 
fuel cycle. A river with an annual flow rate of 
1420 mVs (50,000 ftVs) was assumed to flow 
near the site. Atmospheric dispersion and 
meteorologic data were selected to model a 
typical continental climate.

The results of this analysis were used to rank 
the environmental releases for the total fuel 
cycle according to their potential dose to humans 
in the case of radiological species, and according
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to the volume of air or water required to dilute 
them to safe levels, as defined by the Enviror- 
mental Protection Agency (EPA) and the Occu
pational Safety and Health Administration 
(OSHA) standards, in the case of nonradiological 
species.

None of the projected environmental releases 
violates current Federal regulations. However, 
standards do not exist for some nonradiological 
effluents and others were projected to be close 
to current limits. Depending on fuel cycle con
figuration, some radioactive releases will even
tually approach the EPA limits for total fuel 
cycle emissions.

In the course of performing these compari
sons, the natural trade-off between the impacts 
of increased uranium mining and milling activities 
and the impacts of reprocessing and recycle was 
quantified. These results indicate that such a 
trade-off is approximately even for radioactive 
releases,but that nonradioactive releases increase 
substantially in the no-recycle configuration 
because of a higher uranium demand. The radio
active releases from reprocessing plants are con
centrated, aiid thereby relatively easy to con
trol. In contrast, both radioactive and nonradio
active effluents from mining and milling activi
ties are diluted with very large quantities of 
waste rock and process water, which make them 
difficult and expensive to control. Improvements 
in effluent control technologies for the head end 
of LWR fuel cycles appear to be priorities for 
research and development.

Thorium and Uranium Resource Recovery

The development of uranium and thorium re
sources represents an important challenge both 
from production and environmental control stand
points. To evaluate existing and future problems 
in the thorium fuel cycle, the domestic thorium 
industry was analyzed to determine production 
capacity and the generation oi associated wastes 
and effluents. The results are described in "An 
Assessment of the U.S. Domestic Capacity for 
Producing Reactor Grade Thorium Oxide and 
Controlling Associated Wastes and Effluents" 
(PNL-2593). Future growth in the thorium fuel 
cycle will necessitate the development of new 
thorium resources. Thus, an analysis of mining, 
milling, and refining technologies and the 
associated production costs was undertaken for 
developing domestic thorium reserves. After the 
generation of waste effluents from these pro
cesses is estimated, the relationship between 
cost and level of control will be determined.

The uranium mining, milling, and refining 
cycle was similarly evaluated by assessing the 
current level of control and associated costs. 
Preliminary calculations indicate the oiate-of- 
the-art environmental control technology for 
uranium costs approximately $0.20/lb UjOg. 
Utilizing the best available technology, the costs 
increase to approximately $11.30/lb U30g.

Fusion Fuel Cycle

A materials balance has been developed 
around an envelope of conceptual fusion reactor 
designs. These designs consist of deuterium- 
tritium-fueled Tokamak reactors using helium as 
the primary coolant, liquid metal or solid lithium 
compounds as fertile material for in-reactor 
tritium breeding, and stainless steel or nickel 
alloy as the structural material. The quantity of 
materials required for plant construction has been 
determined. Annual makeup quantities and out
flow of materials have been evaluated, based on 
estimates of component lifetimes in the fusion 
radiation and thermal environment.

Radioactive materials inventories in a fusion 
powerplant have been calculated. These inven
tories include tritium in the fuel stream, 
tritium-contaminated equipment, and neutron 
activation products. Tritium is present as stored 
fuel in metal hydride form, in the fuel input 
stream, plasma, fuel effluent, effluent separa
tions system, and breeding modules. Tritium- 
contaminated equipment includes the complete 
fuel and heat transfer systems and blanket, 
absorption beds, fuel storage equipment, pump 
fluids, and steam system resins. All equipment 
near the reacting plasma will become activated 
by neutron reactions. Activation products will be 
generated in the blanket and first wall, neutral 
beam injectors, magnets, and reactor building 
air. Activation-product-contaminated systems 
might include the primary coolant system, 
vacuum system, and reactor building air.

The materials resource requirements for
deployment of fusion powerplants on a large 
scale depend, to some extent, on the degree to 
which materials can be recycled. The disposition 
of reactor components after they are removed 
has been investigated. All component removal 
operations must be performed remotely because 
of high radiation levels from activation product 
decay. The degree to which used blanket
materials can be recycled is dependent on three
factors: the physical state of the lithium fertile
material, the ease of disassembly, and the size 
of blanket modules. Liquid lithium can be
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drained and recycled. Solid lithium compounds, 
neutron-multiplying material such as beryllium 
and lead, and graphite reflectors can be removed 
and recycled if the blanket module design lends 
itself to straightforward disassembly. Steel or 
nickel alloy structural materials are highly radio
active and must be stored for at least several 
decades before recycle is feasible. Small blanket 
modules from which lithium, graphite, and 
neutron-multiplying materials have been removed 
may be crushed or melted to minimize transpor
tation and storage volume. Large modules or 
those that cannot be disassembled must be 
shipped and stored intact.

Alternate Fuel Cycles

The objectives of the task are to conduct an 
analytical evaluation of the gaseous and particu
late aerosol effluent streams., both chemical and 
radiological, for coprocessing of spent LWR oxide 
fuel (all liquid streams are internally treated and 
recycled) and to develop conceptual process flow 
sheets, effluent control system descriptions, and 
equipment and facility requirements.

The materials in waste streams of individual 
facilities were characterized for their chemical 
and radiological content. Mass balances were 
calculated with conventional effluert control 
technology devices incorporated. The effluents 
to be released to the environment were then 
analyzed and compared to existing regulatory 
limits. Special attention has been given to the 
appearance of new effluent species or isotopic 
ratios different from those typically found in the 
LWR fuel cycle. A draft report, "Evaluation of 
Effluent Streams from Reprocessing and Refabri
cation for BCL Concept of an LWR Coprocessing 
Fuel Cycle," has been issued.

In the Battelle Columbus Laboratories (BCL) 
coprocessing scheme, uranium, plutonium, and a 
majority of neptunium are coextracted in a 
single-cycle organic stream; higher actinides and 
fission products remain in an aqueous waste 
stream. Higher actinides are recovered and 
blended with the re-extracted U/Pu stream prior 
to oxide conversion to an actinide oxide fuel. 
The fuel reactivity is reconstituted by the addi
tion of enriched, nonstrategic uranium. Prolif
eration resistance is provided by not producing a 
pure Pu stream and by the low decontamination 
factors of fission product removal of 10  ̂ to 10  ̂
as compared to 10  ̂ to 10® for conventional 
reprocessing. The report concludes that no 
unusual radiological or chemical effluents are 
created because of coprocessing.

The results of the LWR analysis will be 
published in a series of topical reports which are 
currently being prepared.

The generation of waste effluents from 
potential new sources of thorium and uranium 
production will be further identified and the rela
tionship between cost and level of control will be 
derived for more stringent control technologies. 
These costs will be determined for each of the 
major waste effluents from each process in the 
production cycle.

The complete materials resource cycle lor 
fusion powei plants will be characterized. Con
ceptual fusion powerplant designs will be re
viewed as the basis for describing materials flow 
and supporting facilities for the complete 
materials resource cycle, including mining and 
milling, deuterium extraction, isotopic enrich
ment, fabrication, transportation, waste 
removal, storage, and recycle operations. 
Environmental effluents will be identified for 
each facility and process associated with the 
generation of power from fusion. Potential path
ways for release of toxic and radioactive 
effluents will be identified.

The evaluation of a generic thorium-uranium 
LWR fuel cycle is underway. The evaluation of 
primary radioactive source terms in spent fuel 
from alternative fuel cycles and their impact on 
environmental control and the management of 
transuranic waste will be made.

REPORTS PUBLISHED

W.I. Enderlin, "An Assessment of U.S. 
Domestic Capacity for Producing Reactor Grade 
Thorium Dioxide and Controlling Associated 
Waste> and Effluents," PNL-2593, Pacific North
west Laboratory, February 1978.

PROJECTED MILESTONES

• First quarter of FY 1979 — Publication 
of several reports covering work per
formed in FY 1978

Analysis of Nuclear Fuel Cycle 
Facilities

Data Book on Effluents in LWR 
Fuel Cycles

PLANS FOR NEXT PERIOD

Analysis of Environmental Control
Technology for LWR Fuel Cycles
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Material Fiow, Recycle, and 
Disposal for Deuterium-Tritium
Fusion

Evaluation of Effluent Streams 
from Reprocessing and Refabrica
tion for BCL Concept of an LWR 
Coprocessing Fuel Cycle

Analysis of Environmental Control 
Requirements for an LWR Thorium 
Fuel Cycle

•  Second quarter of FY 1979 — Report 
describing the potential generation of 
waste effluents and the relationship 
between production cost and the level 
of environmental control from expanded 
thorium production front new domestic 
resources

•  Fourth quarter of FY 1979

Report describing the potential 
generation of waste effluents and 
the relationships between pro
duction cost and level of control 
for iranium production from new 
resources

Report describing the implications 
of alternative LWR fuel cycles on 
envionmental control and trans- 
uranic waste management

Report evaluating the entire 
material resource cycle for 
d»'iterium-tritium fusion

STUDY OF DECOMMISSIONING 
ACCELERATORS AND FUSION DEVICES

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory 
W-31-109-ENG-38

PRINCIPAL INVESTIGATORS

P.F. Gustafson 
J.H. Opelka

OBJECTIVE

All nuclear facilities, including particle 
accelerators and fusion devices, require appro
priate radiological safety measures when opera

tion is terminated due to obsolescence or when 
retirement and decommissioning is undertaken. 
Several nuclear reactors, including the Atomic 
Energy Commission (AEC) Elk River reactor, 
and several particle accelerators, including the 
Cosmotron, the Princeton-Penn Accelerator, the 
Cambridge Electron Accelerator, and the Cornell 
Electron Synchrotron, have already been decom
missioned.

The objective of this study is to prepare a 
document describing the general technical and 
environmental effects of the decommissioning of 
particle accelerators. A second document 
describing the general technical and environ
mental effects of decommissioning a fusion 
device will be prepared.

APPROACH

The following tasks make up the accelerator 
decommissioning portion of the study.

Task 1: Past decorrmissioning actions that
have occurred in the Unived States will be re
viewed. Technological, environmental, and 
economic concerns will be emphasized. High- 
energy accelerators to be studied will include the 
Princeton-Penn Accelerator at the University of 
Pennsylvania, the Cambridge Electron Accelera
tor at Harvard University, and the old Cornell 
Electron Accelerator at Cornell University. In 
addition, other smaller accelerators, such as 
synchrocyclotrons, cyclotrons, betatrons, linear 
accelerators, and electrostatic accelerators that 
liave been decommissioned will be investigated.

Task 2: A survey will be performed on the
existing high- and low-energy particle accelerator 
facilities (including those at universities). Esti
mates of future usage and anticipated scheduling 
of decommissionings will be ascertained and 
obvious technical, economic, and environmental 
implications associated with their future decom
missioning will be noted. Emphasized will be the 
Zero Gradient Synchrotron (ZGS) at Argonne 
National Laboratory (ANL), the Alternating 
Gradient Synchrotron (AGS) at Brookhaven 
National Laboratory, the Betatron at Lawrence 
Radiation Laboratory, the Stanford Linear 
Accelerator at Stanford University, the Los 
Alamos Meson Physics Facility at Los Alamos, 
the synchrotron at Fermilab, and the new 
Cornell Electron Synchrotron. Other existing 
synchrocyclotrons, cyclotrons, betatrons, linear 
accelerators, and electrostatic accelerators will 
also be investigated.

Task 3: A plan for decommissioning a parti
cle accelerator will be developed. The economic
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cost of decommissioning will be assessed. Costs 
will be determined by activity (such as removing 
a magnet section) and by period (such as staff 
salaries). Activity costs will be estimated as 
fixed cost (for purchase of dismantling equip
ment) and as unit cost (such as cutting a meter 
of concrete shielding). The volume, composi
tion, and radiation level of radioactive material 
that will require disposal at appropriate waste
disposal sites will be estimated. Radioactive 
wastes would be sent to regulated shallow burial 
grounds. The amount of equipment that can be 
beneficially used at other facilities will be 
seriously considered as an alternative to waste
disposal. Special emphasis will be placed on the
radiation safety aspect of dismantling, trans
portation, reinstalling, and burial, For the 
expected decommissioning schedule, long-term
implications for natural resources and society will 
be determined. Finally, alternatives to 
dismantling, such as mothballing or entombing, 
will be investigated. Special attention will be 
given to the ZGS, which will most likely be the 
next large accelerator to be decommissioned. 
However, the sensitivity of the decommissioning 
effects to accelerator type and size will be 
documented. An additional task is to prepare an 
analysis of fusion device decommissioning.

Task ki Based on the results of Task 3 and 
the known similarities of fusion devices and 
particle accelerators, technical, environmental, 
and economic problems associated with decom
missioning fusion devices will be assessed. A 
plan for decommissioning representative fusion 
demonstration devices will be developed.

PROGRESS AND RESULTS

Progress has occurred in five areas sur
rounding particle accelerator decommissioning: 
determination of the extent of accelerator popu
lation; radiological consequences of decommission
ing accelerators; regulation of decommissioning of 
accelerators; final disposition of accelerator 
materials after decommissioning; and the cost of 
accelerator decommissioning. Effort has also 
been extended to ascertain the environmental and 
cost issues surrounding past decommissionings. 
Work has not formally begun on the fusion 
decommissioning study, but a work plan has been 
prepared. The fusion study will be prepared in 
part by the ANL fusion program team.

PLANS FOR NEXT PERIOD

Task 1; An engineering cost methodology 
for D&D, based on unit and operational cost and 
a heuristic cost based on initial construction cost

will be developed in cooperation with the
consultant, William M. Brobeck and Associates.

Task 2: A survey will be sent to about 700
operating particle accelerator facilities. The 
ANL staff hao considered and rejected the
possibility of shortening the survey, which is, by 
its very nature, lengthy. It is therefore antici
pated that considerable effort (2 man-months at 
least) will be required for followup of the
survey. The first followup will be on 200 repre
sentative facilities and will be incorporated 
directly into the Volume 1 report on particle 
accelerator decommissioning, to be submitted 
about May 1, 1979. The followup to the
remainder of the facilities will be performed in 
summer 1979 by a summer student and will be 
published separately. The staff will take special
note of individual characteristics of larger
accelerators that may be overlooked in the 
necessarily generic survey. Among the results of 
this survey will be the input data for the radio
logical assessment and the waste categorization 
and quantification.

Task 3: The results of the 1978 patterns of
case study should be available from the American 
College of Radiology (ACR) around November
1978. Based o:i a survey of all U.S. facilities 
where radiation treatment is used, the study will 
provide as complete as possible a list of all 
medical accelerators. ACR cooperated with ANL 
in providing the results of the 1975 survey and 
should do so age in.

Obtaining a more complete list of industrial 
accelerators will be a tedious task. Conversa
tions with knowledgeable people in the industry 
are the best sources, as no lists are known to be 
published and accelerator manufacturers have not 
been too cooperative in releasing sales informa
tion to ANL. A more concerted effort might be 
made to get this information from the manufac
turers, especially Varian Associates and High 
Voltage Engineering Corporation (the two largest 
manufacturers, both of whom have, until now, 
declined to talk). If the objective in compiling 
this data base is to try to produce a compre
hensive list of U.S. accelerators (even those 
above 1 MeV),it may be possible to achieve this 
objective without expenditure of a great deal of 
personnel, time, and money.

Task ki Insofar as data are available, ANL 
will present a detailed environmental assessment 
of all major decommissionings.

Task 5: The scope of the fusion study will
encompass a number of the more promising
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fusion candidate concepts. The study will con
centrate on the magnetic confinement concepts 
(Tokamak and mirror types) which appear to 
represent the most complex decommissioning 
characteristics. The decommissioning of laser 
and ion beam devices will also be considered.

The projected commercial fusion reactor will 
be evaluated from the following life-time 
aspects: curies of activity in the first wall and
blanket representing active material throughput; 
tritium inventories from operation, reprocessing, 
production, and storage; and certain safety 
aspects that might influence D&D.

ORGANIZATION AND CONTRACT NUMBER

Sandia Laboratories 
AT(29-l)-789

PRINCIPAL INVESTIGATORS

D.R. Anderson
D.M. Talbert

OBJECTIVES

SEABED DISPOSAL PROGRAM

Factors determined in the above evaluation 
will be used to determine a D&D plan and cost 
projections for an ANL reference fusion reactor 
concept. This in turn will serve a a model for 
other characteristic fusion concept (in partic
ular , the laser system SOLACE).

REPORTS PUBLISHED

The objectives of the program are to deter
mine the environmental and technical feasibility 
of disposing of high-level radioactive wastes into 
the deep ocean floor in geologically stable and 
biologically inactive sediments and to develop and 
maintain a capability of assessing the ocean 
radioactive waste disposal programs of other 
nations.

R. Mundis, B. Siskind, M. Kikta, G. Marmer, 
M. Morley, and 3. Peterson, "Health Physics 
Concerns at Accelerator Decommissioning and 
Disposal," Low Level Radioactive Waste Manage
ment Symposium, Heath Physics Society, 
February 12-15, 1979, to be published.

PROJECTED MILESTONES

APPROACH

The approach is first to assess and define an 
entire disposal system and to determine the 
feasibility of seabed disposal from firm scientific 
and technical information. The safety and
environmental effects of such a system are then 
to be determined and the requirements to carry 
out seabed disposal defined, based on the find
ings of the first program and subject to consid
erations of both feasibility and safety of the 
system. The final step is to prove system
capability with a combination of tests and
demonstrations.

PROGRESS AND RESULTS

The following activities were accomplished in 
FY 1978:

•  Analysis continued on the long core
taken from the north Pacific in 1977;
it continued to verify the assumptions
that the mid-plate gyre regions are and 
have been continuously depositional, 
geologically and climatically stable, 
uniform, and predictable over tens of 
millions of years.

ACCELERATORS

IIFUSIONDEVICES

MONTHS FROM AUTHORIZATION TO PROCEED

CHAPTER
1 INTRODUCTION
2. REVIEW OF PAST ACCELERATOR DECOMMISSIONING
3. DEFINITIONS, ASSUMPTIONS. AND REGULATIONS APPLICABLE TO DECOMMISSIONING ALTERNATIVES
4. ENVIRONMENTAL IMPACT EVALUATIONS
EDITING, TYPING. AND PRINTING

1. INTRODUCTION
2. COMPARISON OF FUSION DEVICES AND ACCELERATORS
3. DEFINITIONS. ASSUMPTIONS. AND REGULATIONS APPLICABLE TO DECOMMISSIONING ALTERNATIVES
4. ENVIRONMENTAL IMPACT EVALUATIONS
EDITING, TYPING. AND PRINTING

0 5 10 20

J •  An initial barrier assessment of the red 
clay sediments from the central north 
Pacific was accomplished using bulk
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samples and selection ions. Sorption 
coefficients were determined for the 
selected sample ions as a first step in 
a detailed evaluation of these coeffi
cients for the suite of waste constit
uents.

• A mechanical response model was 
developed for predictions and evaluation 
of the response of the sediments to 
dynamic (penetrometer) emplacement.

• A mathematical assessment of the rates 
of thermally induced pore water move
ment was completed.

• The paleodepositional and paleoclimatic 
stability of the mid-plate gyre study 
area one (MPG-1) was determined.

• The analyses of the ferromanganese 
nodules from the north Pacific MPG 
areas were completed and combined 
with other data to show the economic 
potential as a function of global posi
tion.

• Initial laboratory short-term corrosion 
tests at elevated temperatures and 
pressures for input to scoping/ 
instrumentation/ modeling activities 
were completed.

• Long-term (3 to 5 year) corrosion tests 
on candidate canister materials were 
initiated.

• A technique for culturing hyperbaric 
bacteria was developed.

•  A free vehicle respirometer, capable of 
measuring in situ metabolic rates and 
of returning the water and sediment 
environment, was developed and suc
cessfully deployed.

• An in situ heat transfer experiment was 
defined and a 3-year program for 
development and deployment estab
lished.

•  A plan for an in situ biological ion 
transfer experiment was developed. 
This experiment will help verify 
mathematical models and laboratory- 
developed data.

Some of the activities expected to be 
accomplished in FY 1979 are as follows:

• Develop a mathematical model to eval
uate sediment column response to em
placement and heat burden;

•  Develop a mathematical model to 
evaluate the sediment column response 
to quasi-static emplacement;

•  Initiate the development of a biological 
transfer model to address pathways and 
rates of ion transport;

•  Complete initial barrier assessment of 
bull' calcareous sediments for selected 
ions;

• Assess the retention factor of the red 
clay sediment column for ions of the 
reference waste, using both labortory 
colum; s and mathematical models;

•  Quantify the natural pore water move
ment by chemical and thermal means;

•  Determine the effects of temperature 
on the permeabilities measured in the 
laboratory;

• Continue the detailed assessment of the 
vertical consistency of the sediment 
column in MPG-1;

•  Complete the initial screening of 
canister materials using electrochemical 
methods;

•  Begin studies addressing the leach rate 
of existing glass waste forms and begin 
developing a sub-seabed waste form;

•  Develop techniques for culturing, 
handling, storing, and analyzing 
hypobaric micro-organisms.

•  Complete the analysis of deep-sea 
near-bottom plankton samples; and

•  Develop multiple open-dosing net sys
tems and animal trap respirometer for 
free vehicle use.

PLANS FOR NEXT PERIOD
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S.R. Ramp, "The Measurement and Analysis 
of Low Frequency Currents in the Deep Central 
North Pacific Ocean," University of Washington, 
Dept, of Oceanography, Master of Science 
Thesis, Jrne 1976.

V.T. Bowen, "Oceanic Distribution of Radio
nuclide from Nuclear Weapons Testing," ANS 
Symposium on Methods for Seabed Disposal of 
Nuclear Waste, New York, June 16, 1977.

D.E. Hayes, "High Level Radioactive Waste 
Disposal: Researching the Seabed Option,"
Lamont-Doherty Geological Observatory Year
book, December 1977.

D.M. Talbert, "Seabed Disposal Program 
Annual Report," Sandia Laboratories, 
SAND78-1359, January-December 1977.

C.E. Hickox, "Steady Thermal Convection at 
Low Rayleigh Number from Concentrated Sources 
in Porous Media 1977," SAND77-1529, Sandia 
Laboratories.

P.R. Dawson, P.F. Chavez, "Seabed Waste 
Disposal Program - One Dimensional Hole 
Closure Simulation," SAND78-1275, Sandia 
Laboratories.

P.R. Dawson, "Buoyant Movement of Nuclear 
Waste Canisters in Marine Sediments," 
SAND78-0841, Sandia Laboratories.

P. Yarrington, "A Comparison of Calculations 
with High Velocity Soil Penetration Data," 
SAND78-0311, Sandia Laboratories.

C.D. Hollister and W. Dow, "Comparison of 
High-Resolution Normal-Incidence 3.5 kHz and 12 
kHz Reflection with Geotechnical Properties of 
Giant Piston Cores," WHOl-78-47.

B.R. Burnett, "Quantitative Sampling of 
Microbiota of the D«_:p-Sea Bethos I—Sampling 
Techniques and Some Data from the Abyssal 
Central North Pacific," Deep-Sea Research, Vol. 
24, No. 197, pp. 781-789.

PROJECTED MILESTONES

•  FY 1983 (approximate) — Completion 
of the second assessment of the seabed 
disposal option using newly developed 
mass transport models and new essen
tial oceanographic and effects data. 
Start detailed engineering plans and

REPORTS PUBLISHED initiate studies addressing environment 
and safety.

•  FY 1990 (approximate) — Collection of 
the main oceanographic and effects 
data. The third of four feasibility 
assessments will be made from a sound 
engineering base. A final choice of the 
optimum site with the appropriate 
qualities will be made.

•  FY 1995 (approximate) -- Final assess
ment of the concept from an ongoing 
demonstration plant.

TRANSPORTATION SAFETY STUDIES

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory 
EY-76-C-06-1830

PRINCIPAL INVESTIGATORS

R.E. Rhoads 
W.B. Andrews 
H.K. Elder

OBJECTIVE

To ensure adequate protection of humans and 
the environment in the transport of energy 
material, it is necessary to understand the safety 
and potential environmental effects of the ship
ments of energy materials, both in normal 
transport and under accident conditions. The 
objective of the transportation safety studies 
project is to assess these potential effects in 
terms of risk. Risk is defined as the probability
that an undesirable event will occur, multiplied
by the type and degree of consequences.

APPROACH

An analysis method has been developed that 
can be used to systematically evaluate the risks 
in the shipment of various energy materials. This 
method can also be used to

•  Provide information to assist in deter
mining the acceptability or unaccept
ability of the risk;

•  Identify the principal factors controlling
the risk in order to provide a basis for 
the selection of corrective or preven
tive action should the risk be judged
unacceptable;

114



• Permit comparison of overall transpor
tation risks between different energy 
systems; and

• Permit comparison of the risk in energy
material transport with that of other 
commonly shipped hazardous materials 
(e.g., chlorine, pesticides).

Risk assessments are performed by compre
hensive investigation of all the relevant system 
parrneters (packaging or container characteris
tics, transportation accident characteristics, 
shipment activitiy, etc.) using a consistent 
methodology. An added advantage of such an 
approach is that it inherently identifies areas 
shero sufficient data are not available to fully 
understand the safety of the system, thus 
providing for additional studies within or outside 
the Division of Environmental Control 
Technology.

PROGRESS AND RESULTS

During the past year, a number of energy 
material transportation risk assessments have 
been carried out. Work is continuing as planned 
in four major areas:

• Nuclear fuel cycle materials shipment
risk assessments

• Fossil energy materials shipment risk 
assessments

• Special projects

• Analysis methods and computer code 
development

Final reports were published this fiscal year
on the risk of shipping uranium hexafluoride
(UFg) by truck and train, the safety and 
economics of shipping spent fuel in special 
trains, the consequences of the loss at sea of 
spent fuel and plutonium shipping packages, and 
the results of two surveys of receivers of 
plutonium shipping packages. Draft reports 
were produced on the risk of transporting spent 
fuel by truck, as was a conceptual design of a 
rail cask for shipping high-level waste. Studies
were undertaken to assess the risk of shipping 
spent fuel by train, propane by truck and train, 
and chlorine by train. These studies are nearly 
complete. A study to assess the risk of 
transporting transuranic waste between 
Department of Energy facilities was begun during 
the last quarter of the fiscal year.

The assessment of the risk of transporting 
uranium hexafluoride by truck and train showed 
the UFg shipment risks were comparable to the 
risks estimated in previous studies for shipment 
of plutonium by these transport modes, and much 
less than other risks in society. The study of 
shipments of spent fuel in special trains showed 
that special trains had a limited potential to re
duce the frequency of involvement of spent fuel 
casks in rail accidents when compared to regular 
train service. However, the frequency of in
volvement in regular train service is already 
quite low. The use of special trains was also 
shown to substantially increase transportation 
costs for spent fuel in most circumstances, 
although economic and logistical advantages could 
result for some shippers.

The assessment of the consequences of the 
loss of spent fuel and plutonium shipping 
packages at sea showed that the radiation doses 
to the public from consumption of seafood con
taminated by postulated accidents were relatively 
low when compared to the exposure from natural 
background. The surveys of receivers of 
plutonium shipping packages, conducted in 1974 
and 1976, showed that the incidence of non
standard package closure conditions was small 
and that the rate appeared to be declining 
because of new quality control measures that had 
been introduced.

The results of the assessment of the risk of 
shipping spent fuel by truck are presented in 
Figure 39. This risk is seen to be comparable to 
the risk of transporting plutonium and much less 
than other risks in society. Sensitivity studies 
showed that the spent fuel shipment risk could 
be reduced by 80 percent if the fuel were 
shipped only after it had cooled more than 2 
years after discharge from the reactor.

The conceptual design for a rail cask for 
shipping high-level waste is shown in Figure 40, 
a photograph of an HO gauge (1/87 scale) model 
of the conceptual design that was also produced 
as part of this study. The conceptual cask has 
the capacity to transport the high-level waste 
produced from reprocessing about 30 megatons of 
spent fuel. The cask is shipped with dry air in 
the cavity and cooled by natural convection from 
the cooling fins on the cask surface.

PLANS FOR NEXT PERIOD

Draft reports on the risks of transporting 
spent fuel by train, chlorine by train, and pro
pane by truck and train will be completed and
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Figure 39. Risk Spectrum for Truck Shipments 
of Spent Fuel in the Mid-1980s

Figure 40. Model of Conceptual Cask and 
Railcar {or Transporting Solidified 

High-Level Waste

circulated for review. Final reports for these 
three assessments will also be published when re
views have been completed and appropriate com
ments incorporated. Final reports on the risk of 
transporting spent fuel by truck and the concep
tual high-level waste cask design will also be 
published. The study of the risk of transporting 
DOE transuranic wastes will be completed and a 
draft report prepared. System description infor
mation for the remaining assessments of trans
portation risks in the current nuclear fuel cycle 
and alternative fuel cycles will be developed. 
Risk assessments will be initiated for materials 
that are common to more than one of the fuel 
cycles.

REPORTS PUBLISHED

A.M. Platt et al., "United States Experience 
in the Transportation of Radioactive Materials, 
BNWL-SA-6077, also in IAEA Conference on 
Nuclear Power and Its Fuel Cycle, 
IAEA-CN-36/563, Salzburg, Austria, May 2-13,
1977.

S.W. Heaberlin et al., "Consequences of 
Postulated Losses of LWR Spent Fuel and 
Plutonium Shipping Packages at Sea," PNL-2093, 
Pacific Northwest Laboratories, October 1977.

P.L. Peterson and R.E. Rhoads, "Conceptual 
Design of a Shipping Container for Transporting 
High-Level Waste by Railroad, PNL-2244, Draft, 
Pacific Northwest Laboratories, November 1977.

W.V. Loscutoff et al., "A Safety and 
Economic Study of Special Trains for Shipment of 
Spent Fuel," BNWL-2263, Pacific Northwest 
Laboratories, December 1977.

R.E. Rhoads and J.F. Johnson, "Risks in 
Transporting Materials for Various Energy Indus
tries," Nuclear Safety Journal, Vol. 19, No.2, 
Mar-Apr, 1978, also published as 
BNWL-SA-6547, Pacific Northwest Laboratories.

H.K. Elder, W.B. Andrews, and R.E. Rhoads, 
"Risk of Transporting Spent Nuclear Fuel by 
Truck," BNWL-SA-6519, Proceedings, 5th 
International Symposium on the Packaging and 
Transportation of Radioactive Materials, Las 
Vegas, Nevada, May 7-12, 1978.

J.F. Johnson and W.B. Andrews, "Risks of 
Shipping Plutonium by Truck, Train and Cargo 
Aircraft," BNWL-SA-6530, Proceedings, 5 th 
International Symposium on the Packaging and
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Transportation of Radioactive Materials, Las
Vegas, Nevada, May 7-12, 1978.

.I.F. Johnson and W.B. Andrews, "Risks of 
Shipping Uranium Hexafluoride by Truck and 
Train," BNWL-SA-(i528, Proceedings, 5th 
International Symposium on the Packaging and 
Transportation of Radioactive Materials, Las
Vegas, Nevada, May 7-12, 1978.

E.S. Murphy, "Analysis of Freight Train
Accident Statistics for 1972-7^," BNWL-SA-
6 521, Proceedings, 5th International Symposium 
on the Packaging and Transportation of Radio- 
active Materials, Las Vegas, Nevada, May 7-12,
1978.

R.E. Rhoads, W.A. Brobst, and S.W. 
Heaborline, "Considerations in the Transportation 
of Spent Fuel and Other Radioactive Material by 
Sea," ftNWL-SA-6523, Proceedings, 5th Inter
national Symposium on the Packaging and Trans
portation of Radioactive Materials, Las Vegas, 
Nevada, May 7-12, 1978.

R.E. Rhoads, M. Ohais, 3.G. DeSteese, and 
W.V. Losrutoff, "Placing the Special Trains Issue 
in Perspective," IJNWL-SA-6519, Proceedings, 
5th International Symposium on the Packaging 
and Transportation of Radioactive Materials, Las 
Vegas, Nevada, May 7-12, 1978.

R.E. Rhoads and P.L. Peterson, "Conceptual 
Design of a Shipping Cask for Rail Transport of 
Solidified High-Level Waste," BNWL-SA-6526, 
Proceedings, 5th International Symposium on the 
Packaging and Transportation of Radioactive 
Materials, Las Vegas, Nevada, May 7-12, 1978.

II.K. Elder et al., "An Assessment of the 
Risk of Transporting Spent Nuclear Fuel by 
Truck," PNL-2588, Draft, Pacific Northwest
Laboratories, August 1978.

J.F. Johnson, "An Assessment of the Risk of 
Transporting Uranium Hexafluoride by Truck and 
Train," PNL-2211, Pacific Northwest Labora
tories, August 1978.

S.W. Heaberiin, "Plutonium Transport Package 
Closure Survey," BNWL-2288, Pacific Northwest 
Laboratories, 1978.

PROJECTED MILESTONES

• First quarter of FY 1979

Publication of final report on risk 
of transporting spent fuel by truck

Completion of draft report on risk 
of transporting spent fuel by train

Completion of draft report on risk 
of transporting chlorine by train

Completion of draft report on risk 
of transporting propane by truck 
and train

• Second quarter of FY 1979

Publication of final report on con
ceptual high-level waste rail cask 
design

Publication of final report on risk 
of transporting chlorine by train

• Third quarter of FY 1979

Publication of final report on risk 
of transporting spent fuel by train

Publication of final report on risk 
of transporting propane by truck 
and train

• Fourth quarter of FY 1979

Completion of risk assessment of 
shipment of DOE transuranic 
wastes

DEVELOPMENT OF MATERIAL CONSTITUTIVE 
DESCRIPTIONS FOR ENVIRONMENTAL AND 

SAFETY CONTROL ASSESSMENTS OF 
ENERGY MATERIAL SHIPPING CONTAINER 

SYSTEMS

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory 
W-31- 109-ENG-38

PRINCIPAL INVESTIGATORS

R.A. Valentin
H.C. Lin

OBJECTIVE

The overall objective of this project is the 
development of constitutive descriptions for the 
materials used in shipping container systems, 
with particular emphasis on the modeling of rapid 
transient loading. These descriptions and the
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related containment failure analyses and experi
ments will provide the basis for developing a 
rational margin of confidence in such container 
systems.

APPROACH

To achieve this overall objective, the scope 
of effort has been divided as follows:

• Assessment and application of endo- 
chronic plasticity theory for the 
dynamic analysis of energy materials 
shipping containers

• Failure analysis of energy materials 
shipping containers — analytic repre
sentation of dynamic failure modes and 
effects

• Constitutive representation of thermal/ 
structural interactions

• Analytical methods development for
estimating and bounding structural 
damage to energy materials shipping
containers

• Development of analysis support experi
ments

•  Design optimization of energy materials 
shipping containers subjected to 
extreme loading conditions

PROGRESS AND RESULTS

This activity was initiated during the last 
quarter of FY 1977, with primary emphasis on 
the assessment of the endochronic theory of 
plasticity and its potential for aiding in the 
dynamic analysis of energy materials shipping
containers. Essentially the entire effort during 
FY 1978 was devoted to this assessment.

The endochronic theory of plasticity is a
recent development, so there was little informa
tion available on its use in design situations. 
Further, no finite-element formulation of the 
method was available for use in preparing sample 
problems needed during the evaluation phase, 
initial work consisted of development of a suit
able theoretical formulation and preparation of 
an interim finite-element computer code to use 
this formulation. A series of simple validation 
calculations was then completed to verify that 
the code was functioning properly. This was 
followed by calculations on the dynamic response 
of various simple geometries that had been

treated in the open literature. In particular, a 
series of calculations on the explosive loading of 
plates was completed and compared with existing 
experimental data. The endochronic formulation 
proved to be quite accurate and, further, showed 
promise in reducing computation time. Further 
calculations were performed on geometries more 
typical of shipping containers. Particular 
emphasis was placed on impact and drop test 
results, and the computer code modifications 
needed to provide reasonable modeling of these 
experiments. The results of these various com
putations formed the basis for an evaluation of 
the theory. This evaluation resulted in the 
recommendation that the endochronic formulation 
appeared to be well suited to dynamic response 
calculations for energy materials shipping con
tainers and that further work should be under
taken to make this method a useful tool in 
design and accident analysis. At the conclusion 
of this evaluation effort, in addition to the 
formal report documenting the results, the basic 
constitutive formulations used in the study were 
made available for incorporation into compre
hensive computational systems being developed 
under related Division of Environmental Control 
Technology programs.

PLANS FOR NEXT PERIOD

Based on the recommendation of the first 
phase of this task, the following specific activi
ties will be addressed as a part of the FY 1979 
development phase:

•  A user-oriented version of the interim 
evaluation code will be prepared, and 
documentation of this code will be 
issued.

•  A series of computations will be per
formed to illustrate the advantages of 
the endochronic formulation and its use 
in typical dynamics problems associated 
with shipping container testing and 
evaluation.

• A guide will be prepared for the 
transfer of the endochronic forma'ism 
to those finite-element design codes 
currently used to evaluate shipping con
tainer response.

• Modifications will be developed to ex
tend the endochronic formalism to more 
general loadings and geometries.

• A second version of the interim evalua
tion code will be constructed to allow
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consideration of a limited class of 
cyclic loads and thermal loads.

•  Failure analysis of energy materials 
shipping containers will be initiated 
with emphasis on development of 
analytical representations of dynamic 
failure modes.

REPORTS PUBLISHED

"On the Uniqueness and Stability of Endo
chronic Plasticity Theory," ANL-CT-78-51,
Argonne National Laboratory, September 1978.

"An Assessment of Endochronic Plasticity
Theory and Its Potential Applications in Modeling 
the Dynamic Inelastic Response of Energy 
Materials Shipping Containers," ANL-CT-79-2, 
Argonne National Laboratory, October 1978.

"The Use of Endochronic Plasticity Theory in 
Modeling the Dynamic Inelastic Response of 
Shipping Containers: A Preliminary Assessment,"
Proceedings, 5th International Symposium on 
Packaging and Transportation of Radioactive 
Materials, in preslT

PROJECTED MILESTONES

•  July 1979 — Initial report of failure 
mode analysis

•  September 1979 — Final report on 
modifications of endochronic plasticity 
theory formalism to include severe 
thermal transients

DEVELOPMENT OF STRUCTURAL AND 
THERMAL ANALYSIS METHODS FOR 

ENVIRONMENTAL AND SAFETY CONTROL 
ASSESSMENTS OF ENERGY MATERIAL 

SHIPPNG CONTAINER SYSTEMS

ORGANIZATION AND CONTRACT NUMBER

Los Alamos Scientific Laboratory 
W-7405-ENG-36

PRINCIPAL INVESTIGATOR

T.A. Butler

OBJECTIVE

The objective of this program is to develop 
experimentally substantiated analytical techniques 
for assessing the environmental protection and

public safety provided by DOE shipping container 
systems. Techniques developed will predict the 
occurrence and degree of containment failure in 
severe accident conditions.

APPROACH

Theoretically, exact solution techniques for 
container accicfent response problems do not 
exist, primarily because of difficulties in mathe
matically modeling the geometric configurations 
and the nonlinear behavior of container system 
deformations under accident conditions. The Los 
Alamos Scientific Laboratory (LASL) approach is 
to approximate container response with analytical 
methods using nonlinear computer codes. The 
codes employ both the finite element method and 
lumped-mass techniques. A key part of the 
development work is experimental substantiation 
of the computer codes with test data obtained at 
LASL and at other DOE-contracting laboratories.

PROGRESS AND RESULTS

The two-dimensional computer code CRASHC, 
developed during FY 1977, has been expanded 
and improved. CRASHC uses the finite element 
method and predicts container response to end-on 
impacts. The shell finite element in CRASHC 
has been improved to treat large deformations 
and large rigid body rotations. A shear deforma
tion capability was also added.

This element has been checked for large 
deformations and strains using problems with 
closed-form analytical solutions. A compressible 
fluid finite element was added to simulate liquid 
components and contents of shipping containers. 
LASL has substantiated CRASHC with experi
mental data obtained by Battelle Columbus 
Laboratory (BCL) during drops of lead specimens 
clad with stainless steel. Presently, an endo
chronic material model developed at the Argonne 
National Laboratory (ANL) is being incorporated 
into the two-dimensional continuum and shell 
finite elements in CRASHC.

In a related task, LASL is investigating 
criteria to define container failure. LASL is also 
studying various methods for analytically predic
ting the failure with its computer codes. Various 
experimental techniques for studying failure and 
substantiating the analytical work are being 
explored.

LASL participated in a multilaboratory effort 
at the Savannah River Plant (SRP) to test 
railcar-container system response when the rai,- 
car is coupled to a train at speeds up to 19.3
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km/h (11.6 mph). The nonlinear, lumped-mass 
computer code RICTL, which predicts system 
response to these conditions, was changed to 
simulate the test configurations. Several pretest 
analyses were performed to help choose instru
mentation locations and calibration levels. SRP 
also used LASL predictions to design load cells 
for the tests.

LASL developed another computer code (SIC) 
to predict the tip velocity of a container at 
secondary impact (slap-down) when it strikes a 
target at an oblique angle. SIC predicts rigid 
body motion combined with flexible body 
dynamics using a nonlinear, lumped-mass tech
nique. Although not yet substantiated experimen
tally, SIC was used to make a pretest prediction 
of the response of the Knapp Mills container 
dropped at the Oak Ridge National Laboratory 
(ORNL).

PLANS FOR NEXT PERIOD

Emphasis will be placed on developing tech
niques for predicting containment failure. LASL 
will cooperate with BCL in formulating a series 
of tests to experimentally investigate container 
failure. This will involve performining pretest 
analyses, reviewing the test plan, and using the 
resulting data to suggest new methods and to 
improve present methods of analysis. Also, 
LASL will perform some simple experiments to 
investigate methods' of predicting failure and to 
develop failure criteria.

LASL will complete the task of implementing 
the ANL endochronic material model into the 
two-dimensional computer program. Based on 
evaluation of the program and agreement on pro
posed changes, LASL plans to incorporate the 
model into a modified version of the three- 
dimensional, nonlinear computer code ADINA.

LASL will continue to substantiate the codes 
using experimental data. Data generated at BCL 
and ORNL will be used to verify and improve 
CRASHC, SIC, and ADINA. RICTL will be up
dated and substantiated with data from the SRP 
railcar-coupling tests. LASL will then investi
gate extending the code to simulate higher speed 
impacts.

REPORTS PUBLISHED

R.J. Bartholomew, "Cargo Response to Rail- 
car Impact and Tie-down Loads Analysis," Los 
Alamos Scientific Laboratory report, in press.

W.A. Cook, "Linear and Nonlinear Symmetri
cally Loaded Shells of Revolution Approximated
with the Finite Element Method," Los Alamos
Scientific Laboratory report, in press.

PROJECTED MILESTONES

• December 1978 -- Preliminary report
on "CRASHC — A Two-Dimensional 
Code to Compute the Response of
Axisyrnmetric Containers to End-on 
Impact"

•  March 1979 -- Report, "SIC -- A 
Lumped-Mass Computer Code to Pre
dict Secondary Impact Container 
Dynamics"

•  June 1979 — Report, "Railcar Impact
Analysis with Experimental Verification"

•  June 1979 -- Final report, "Nonlinear
Shell Finite Element for Shipping Con
tainer Failure Analysis"

REVIEW CRITERIA FOR NUCLEAR 
CRITICALITY SAFETY EVALUATION FOR 

TRANSPORTATION OF FISSILE MATERIALS

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory 
W-7405-ENG-26

PRINCIPAL INVESTIGATOR

J.T. Thomas

OBJECTIVES

The objectives of this project are to examine 
the margin of subcriticality of arrays of packages 
as utilized in transportation of fissile materials 
and to determine the magnitude of reactivity 
changes associated with changes in ( 1 ) mass and 
form of fissile material contained in packages,
(2) array reflector from water to concrete, and
(3) geometric shape of the arrays. In addition, 
the reactivity change will be related or expressed 
in terms of common margins of subcriticality; 
e.g., number of packages and/or mass loading per 
package. The margins of subcriticality inherent 
in the transportation criteria will be defined and 
determined.
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APPROACH

Margins of subcriticality will be established by 
calculational methods satisfying the requirements 
of the American National Standard Validation of 
Calculational Methods for Nuclear Criticality 
Safety, N16.9-1975. Critical experiments with 
various types of insulating materials performed at 
the Oak Ridge Critical Experiments Facility, as 
reported in 1972, will be used as benchmark 
experiments in the validation procedure.

PROGRESS AND RESULTS

The study results support the statements made 
below.

There is no apparent rational basis for con
sidering a package to be Fissile Class I when an 
array of 250 such packages in the damaged con
dition may be only marginally subcritical. Under 
Fissile Class II criteria, such a package should 
be assigned an index of 0.4. Fissile Class I 
packages should be such that an unlimited 
number of damaged packages will remain subcrit
ical.

Generally, arrays of packaged units were 
found to be less susceptible to influences of 
reflectors and to have less neutron coupling 
between irits when compared to arrays of air- 
spaced units. It follows that when a portion is 
removed, the remaining portion of a critical 
array of packaged uiits will have a higher multi
plication factor than an equivalent portion of a 
critical array of air-spaced uiits. The allowable 
number (N/\) of packages in a Fissile Class II 
shipment is such that 5N/̂  is to be subcritical in 
optimum array geometry closely reflected by 
water. Thus, the reactivity (1-Keff/Keff) of 
N^ packages is variable and is dependent on 
fissile mass loading, density of the fissile 
material, container materials, and reflector 
conditions. In extreme cases, the multiplication 
factor for an allowable number of packages can 
be inacceptably high. This will not occur if a 
maximum value, such as 0.9 on a single package 
or 0.95 on the evaluated array of 5N/\, is 
imposed for Keff.

For arrays of air-spaced units, a reduction in 
density will generally result in a loss of array 
reactivity. In the case of moderated arrays, the 
opposite effect can be observed. This effect is 
observed with some packaging designs where 
moderators are present; therefore, the safety 
evaluation of fissile packaging should include the 
examination of variable fissile material density.

Steel used in the construction of packages 
tends to compensate for increases in the array 
Keff that would otherwise result from the intro
duction of moderating material between units.

PLANS FOR NEXT PERIOD

None

REPORTS PUBLISHED

J.T. Thomas and D.R. Smith, "Review of 
Criteria for Nuclear Criticality Safety Control in 
Transportation," Proceedings. 5th International 
Symposium on Packaging and transportation ~oT 
Radioactive Materials, Las Vegas, Nevada, May 
7-12, 1978.

D. R. Smith and J.T. Thomas, "Review of 
Bases for Regulations Governing the Transport of 
Fissile and Other Radioactive Material," 
Proceedings. 5th International Symposium on 
Packaging and Transportation of Radioactive 
Materials, Las Vegas, Nevada, May 7-12, 1978.

PROJECTED MILESTONES

None

DOE-VIDE TRANSPORTATION STATISTICS 
DATA BANK

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory
W-7405-ENG-26

PRINCIPAL INVESTIGATORS

P.J. Mason
W.E. Foster

OBJECTIVE

The objective of this project is to develop 
and implement a central data base information 
facility concerning every movement of material 
to and from every Department of Energy con
tractor site in the United States, whether the 
material is moved by commercial or government 
carrier. The transportation statistics data bank 
(TSDB) will provide management with the 
capability to evaluate hew well DOE manages its 
transportation costs, more coherent data for 
administrative and legislative proceedings, and 
improved liaison with carrier management.
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APPROACH STUDY OF PHYSICAL PARAMETERS 
OF TRANSPORTATION ACCIDENTS

A system will be developed by extensive use 
of traffic management workshops. A review of 
other data bank systems will be accomplished to 
prevent duplicate collection of data, and comput
er programs will be developed to automatically 
interface with such systems at the Nuclear 
Materials Management Safeguards and Security 
(NMMSS) facility.

Guidance was received from DOE concerning 
their needs for information and all data elements 
to be collected for each shipment. All contrac
tor site participants will collect and submit data 
to the TSDB. Special management exception re
ports can be prepared and issued as deemed 
appropriate. The programming staff will be able 
to produce desired reports in a maximum of 5 
days' elapsed time.

PROGRESS AND RESULTS

A user's guide was developed to assist con
tractors in collection of transportation data, and 
a computer program was developed to interface 
with the NMMSS data bank to retrieve data on 
nuclear shipments. A user workshop was conduc
ted to review and answer questions from 
Chicago, Nevada, Oak Ridge, Richland, and 
Idaho operations contractors. All computer pro
grams were designed, programmed, and placed in 
production status. Eight contractor installations 
have thus far been implemented.

PLANS FOR NEXT PERIOD

Programming changes and improvements will 
be accomplished. Nevada, Richland, and Idaho 
contractors will begin collecting data and partici
pating in the TSDB. It is anticipated that 24 
contractor sites will be included in the TSDB by 
the end of FY 1979. Reports will be published 
as needed by DOE, routinely or on an exception 
basis.

REPORTS PUBLISHED

User's Guide, February 1978.

PROJECTED MILESTONES

•  End of FY 1979 — Completion of
implementation of TSDB

ORGANIZATION AND CONTRACT NUMBER

Sandia Laboratories 
AT(29-D-789

PRINCIPAL INVESTIGATORS

R.B. Pope 
T.G. Priddy
C.A. Davidson 
W.F. Hartman 
3.T. Foley
D.W. Larson 
3.D. McClure

OBJECTIVE

The objective of this task is to extend the 
work reported in "Severities of Transportation 
Accidents" (SLA-74-0001), to describe the acci
dent environment to which large shipping casks 
may be exposed and, in addition, to describe the 
marine transport accident environment. These 
basic environmental descriptions are required to 
determine the risk of shipping radioactive 
material and to prepare environmental impact 
statements.

APPROACH

The basic approach used in this type of study 
has been to search historical records for details 
of railroad, highway, and marine transport acci
dents. From this data base, a description or 
profile of various accident types can be formed. 
Monte Carlo methods are sometimes used to 
describe the multi-variable data base that 
describes these accidents. From this type of 
analysis, the probability of occurrence of selec
ted environmental parameters can be determined.

PROGRESS AND RESULTS

The results of this study are detailed in the 
published study reports. Transportation accidents 
have been separated into surface transport (road, 
rail, and marine) and air transport modes. 
Package sizes vary, so an arbitrary definition of 
small and large packages was made. Small 
packages have a mass of 500 kg or less; large
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packages are those with a mass greater than 500 
to 1000 kg.

Detailed transport accident data (physical 
parameters in engineering terms) have been 
gathered for small packages for the surface and 
air transport modes. Detailed data have also 
been gathered on the physical parameters for 
transport accidents for large packages. A com
parison of the existing qualification test stan
dards has been accomplished for small packages 
for the surface transport modes (road and rail) 
and the air transport mode. Data on the 
severity of marine transport accidents are being 
gathered.

The data base for the physical parameters of 
transport accidents, as well as accident rates 
and frequencies, serve as valuable input to risk 
assessment studies.

PLANS FOR NEXT PERIOD

A draft report on the severity of marine 
transport accidents will be completed and a final 
draft of SAND76-0708 will be published.
Follow-on studies will include the investigation of 
how the existing licensing standards compare with 
the severity of known transportation accident 
data; this comparison matrix will be completed 
for all transport modes and for small and large 
packages.

REPORTS PUBLISHED

"Severities of Transportation Accidents
Volumes 1-4," SL/.<'4-0001, Sandia Laboratories, 
July 1976.

"Risk Assessment of ERDA Nuclear 
Weapons," ERDA 77/10, January 1977.

"Risk-Based Criteria for Certification of 
Packages for Air Shipment of Plutonium," 
SAND77-1313, Sandia Laboratories, September
1977.

"Analysis of Current Qualification Test 
Standards Used for Licensing Radioactive 
Material Shipping Packages," SAND76-0708, 
Review Draft, Sandia Laboratories, September 
1977.

"Severities of Transportation Accidents
Involving Large Packages," SAND77-0001, Sandia 
Laboratories, May 1978.

PROJECTED MILESTONES

• Mid FY 1979 — Review draft on the

severity of marine transportation acci
dents

• Mid FY 1979 -  Final draft SAND76-
0706

• FY 1979 Fourth Quarter -- Final draft
on the severity of marine transport
accidents

• Semiannual progress reports

TRANSPORTATION ACCIDENT 
ENVIRONMENTAL DATA BANK

ORGANIZATION AND CONTRACT NUMBER

Sandia Laboratories
AT(29-l)-789

PRINCIPAL INVESTIGATORS

R.B. Tope
J.T. Foley
C.A. Davidson

OBJECTIVE

The objective of this program is to provide a 
centralized source of environmental information 
for use by organizations engaged in risk assess
ment, tests, and evaluation of standards for pro
grams involving the transportation of energy 
materials. Information generated is analyzed, 
summarized, and disseminated to potential 
users. Emphasis is placed on obtaining the latest 
information to ensure comprehensive coverage of 
transportation applications and to publicize the 
existence of the information. Such information 
is provided on a cooperative basis to other 
Government agencies, industry, and when appro
priate, to foreign nations.

APPROACH

The purpose of this activity is to respond to 
identified data needs by either collecting data 
available from other sources or obtaining data 
not available and then properly analyzing the 
data for inclusion in the data store. The Environ
mental Data Acquisition Systems, developed by 
Sandia Laboratories and used in the past at the 
request of the Division of Environmental Control 
Technology, will be used to obtain new data. 
The collection of needed data for different 
modes of transport and better methods of 
analyzing and summarizing the data will be 
emphasized.
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A study of DOE transportation accident 
environment data needs, identification of poten
tial sources, and recommendations concerning 
improvements of accident data reporting required 
to provide useful engineering information is in 
progress.

Consideration will be given to sponsoring one 
or more workshops on the effective operation and 
utilization of the Transportation Environmental 
Data Center to bring the information to the user 
and obtain input from the user to improve the 
Center and its content.

PROGRESS AND RESULTS

This work is a continuation of the Environ
mental Engineering Information Collection/ 
Dissemination Activity (previously known as the 
Environmental Data Bank), conducted under the 
auspices of ECT since 1975. A large collection 
of environmental data has been gathered, evalua
ted, catalogued, and placed in repository for 
ready access by individuals involved in engineer
ing analyses of transportation systems. The 
information can be obtained by any qua’ified 
user, on .“quest, following specified procedures. 
There will be a continuing effort to participate 
in technical symposia and to publish transporta
tion-related environmental information in tech
nical journals.

PLANS FOR NEXT PERIOD

Sandia Laboratories will continue to monitor 
data sources and the data management system.

REPORTS PUBLISHED

J.T. Foley, C.A. Davidson, R. Rentzsch, and
F.R. Gustke, "Technical Information Center for 
Transportation Analyses," Proceedings, 5th Inter
national Symposium on Packaging and Transporta
tion of Radioactive Materials, Las Vegas, Nev., 
M< y 7-12, 1978, in press.

J.T. Foley and C.A. Davidson, "Transportation 
Environment Data Index," SAND74-0248C, Sandia 
Laboratories, April 1977.

PROJECTED MILESTONES

Information collected under this program has 
been and is being used as the prime source for 
studies of normal and accident transportation 
environments, in truck, train, aircraft, and ship 
modes of transport. The index to this work is 
updated annually, and information is added to 
the program as data become available.

TRANSPORTATION AND PACKAGING FILMS

ORGANIZATION AND CONTRACT NUMBER

Sandia Laboratories
AT(29-0-789

PRINCIPAL INVESTIGATORS

R.B. Pope
R.C. Colgan
K.R. Miller

OBJECTIVE

The objective of this program is to produce 
films on the packaging and shipping of radio
active materials and motion picture coverage of 
Sandia tests and projects being conducted for 
ECT. Sandia Laboratories will also provide 
and/or coordinate motion picture coverage of 
other DOE laboratories or multilaboratory proj
ects.

APPROACH

A film specification sheet and/or treatment is 
prepared for each sound film project. This lists 
the film's purpose, content, audience, length, 
production analysis, and a statement of how the 
content will be presented. Following approval of 
this statement, a shooting script is prepared, 
animation art (if needed) is designed and ren
dered, a search is made for stock footage (if 
usable), and a narration script is written (and 
approved prior to narration). Sound is recorded, 
the film and sound tracks are edited, an inter
lock of the edited film and track is screened for 
approvals, final editing is completed, and the 
original footage is conformed. An internegative 
and optical track are prepared and release prints 
are produced.

PROGRESS AND RESULTS

The following projects have been completed:

•  A 14 1/2-minute sound film on a 
variety of tests on containers used to 
carry radioactive materials, including 
the five full-scale cask impact and 
burn tests. The film also covered the 
use of computer modeling and scale 
model testing as accurate prediction 
and analyses techniques. This film 
carried the title "Accident Safe?," as 
did an earlier, shorter film, but this 
is, in fact, the prime and final film on 
the overall cask testing program.
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• Four short sound films on the full-scale 
truck/train/railcar cask impact and burn 
tests. The final version, a 3-minute 
report on the five full-scale tests, has 
received extremely wide distribution.

• Six short silent films on various l/8 th- 
scale and full-scale cask impact tests.

•  Specification and treatment for a film 
on the package design for all types of 
radioactive material shipments comple
ted; filming has begun.

PLANS FOR NEXT PERIOD

During the next reporting period, a sound 
film on package designs for shipping radioactive 
materials will be completed. Other short sound 
and silent films will be produced, as requested, 
on packaging and shipment of radioactive 
materials and on Sandia tests and projects being 
conducted for ECT.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

Milestones (e.g., film specification sheets/ 
treatment, shooting script, photography, narra
tion script, editing, etc.) are described in the 
approach section above. Dates for these mile
stones are established when a specific film pro
ject has been defined.

TRANSPORTING RADIOACTIVE CARGOES 
EXHIBIT

ORGANIZATION AND CONTRACT NUMBER

Northwest College and University Association 
for Science

E(45-l)-2225

PRINCIPAL INVESTIGATOR

B. Valett

OBJECTIVES

This exhibit will be operated throughout the 
United States at conferences and other appro
priate locations to show how package designs for 
radioactive material of various sizes are tested 
and used for shipments.

APPROACH

A teacher/demonstrator will show the three 
film stips and the various types of nuclear 
material packaging at various presentations.

PROGRESS AND RESULTS

The exhibit was shown at six different 
meetings/conferences during FY 1978 as shown in 
Table 9. Total attendance at the showings was 
86,630 and included safety inspectors, military 
personnel, and state legislators.

PLANS FOR NEXT PERIOD

A schedule of planned exhibit showings at 
heavily attended meetings and conferences will 
be forwarded to DOE for approval or suggested 
changes.

REPORTS PUBLISHED 

None

PROJECTED MILESTONES 

Not applicable

ATOMS ON THE MOVE EXHIBIT

ORGANIZATION AND CONTRACT NUMBER

Northwest College and University Association 
for Science

E(45-l)-2225

PRINCIPAL INVESTIGATOR

B. Valett

OBJECTIVE

The project purpose is to prepare an exhibit 
primarily designed for conferences, meetings, 
and other appropriate locations. It illustrates 
that nuclear materials are not moved until they 
are safety packaged.

APPROACH

At exhibit showings, a teacher/demonstrator 
will describe and show the various methods of 
handling, containing, and shielding radioactive 
materials.
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Table 9. FY 1978 Summary of "Transporting Radioactive Cargoes" Exhibit Showings

Place Shown Date Attendance
Energy Fair 1977 

Spokane, Washington October 6-9, 1977 8,772
Governor's Industrial Safety 

and Health Conference 
Seattle, Washington November 17-18, 1977 2,500

Golden West Safety 
Congress Expo 
Sacramento, California April U-13, 1978 2,500

25th Western Safety 
Conference 
Anaheim, California May 23-25, 1978 6,000

International Trucking 
Show
Dallas, Texas June 21-23, 1978 60,358

Western Plant Engineering 
Show
Anaheim, California July 25-27, 1978 6,500

86,630

PROGRESS AND RESULTS

During FY 1978, this exhibit was displayed at 
five different conferences and meetings (Table 
10) and was seen by more than 25,100 people, 
including Federal Government staff, chemists, 
engineers, and industrial safety personnel.

PLANS FOR NEXT PERIOD

At the end of FY 1978, this exhibit was
turned over to the contractor, Oak Ridge Asso
ciated Universities. Its presentation will be 
coordinated with that of a second exhibit,
"Transporting Radioactive Cargoes." These exhib
its will be presented at various technical con
ferences and transportation symposia.

REPORTS PUBLISHED

None

PROJECTED MILESTONES 

Not applicable

FULL-SCALE IMPACT TESTING 
FOR ENVIRONMENTAL AND SAFETY 
CONTROL ASSESSMENTS OF ENERGY 

MATERIAL SHIPPMG CONTAINER SYSTEMS

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory 
W-7405-ENG-26

PRINCIPAL INVESTIGATORS

R.D. Seagren 
W.D. Box

OBJECTIVE

Heavily shielded energy material shipping 
systems, similar in size and weight to those 
presently employed to transport irradiated reactor 
fuel elements, are being destructively tested 
under dynamic conditions. In these tests, the 
outer and inner steel shells interact in a complex 
manner with the massive biological shielding In
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Table 10. FY 1978 Summary of "Atoms On The Move" Exhibit Showings

Place Shown Date Attendance

36th Annual Wisconsin 
Safety Conference 
Milwaukee, Wisconsin April 11-13, 1978 1,200

American Energy Expo 
New York, New York May 11-14, 1978 4,600

National Environmental Health 
Association Conference 
Snowmass, Colorado June 24-26, 1978 2,000

Center of Science and 
Industry 
Columbus, Ohio July 12 - August 15, 1978 17,000

Environmental Education 
Center
Basking Ridge, New Jersey September 11-22, 1978 300

the system. Results obtained from these tests 
provide needed information for new design con
cepts. Containment failure (and the resulting 
release of radioactive material to th<; environ
ment which might occur in an extremely severe 
accident) is most likely through the seal? and 
other ancillary features of the shipping systems. 
The objective of this project is to provide engin
eering data, through analyses and experiments, 
on the behavior of these shipping systems under 
severe accident conditions and to derive informa
tion for predicting potential survivability and 
environmental control with a rational margin of 
safety.

APPROACH

Drop tests of instrumented casks provide 
records of strain history and experimental 
information on damage to seal and closure 
designs as well as an indication of the type 
(e.g., gas, liquid) and amounts of activity that 
might be released if loss of containment should 
occur.

The program provides experimental informa
tion to demonstrate that analytical techniques 
developed by other Division of Environmental 
Control Technology overview and assessment con
tractors can be confidently used in place of 
expensive full-scale drop tests.

PROGRESS AND RESULTS

The new drop test pad (Figure 41) at the 
unyielding surface" for use in the drop tests. 
This reinforced-concrete, armor-plate structure 
is in the shape of a truncated Aztec pyramid. 
There ar 550 metric tons of concrete and 64 
metric toi. of armor plate in the structure.

The 20-metric-ton Knapp Mills spent-fuel 
cask, equipped with a balsa impact limiter over 
the closure end, was dropped from a height of 9 
meters with no apparent damage to the closure 
(Figure 42). The instrumentation traces recorded 
indicate that the impact shock in this test was 
six times greater than that experienced when a 
similar cask, mounted on a tractor-trailer rig, 
crashed against a concrete abutment at 96 kilo
meters per hour (58 mph).

A second drop test was made with the same 
cask, also from a height of 9 meters. In this 
test, the cask hit with its longitudinal axis at an 
angle of 35 degrees from the horizontal, the 
orientation for which the most damage was 
expected. At the moment of secondary impact, 
the cask had reached a velocity of approximately 
84 kilometers per hour (50 mph).

The secondary impact forced the tiedown 
trunnion at the closure end into the body of the
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Figure 41. New Drop Test Pad

cask. The weld between the end of the cask and 
the inner liner failed, extruding about an inch of 
lead through a 1-foot circumferential crack 
approximately 1 inch wide and forced the closure 
plug out of alignment (Figure 43). The cask 
closure structure was deformed into an oval 
shape. After considerable effort, the plug of 
the Knapp Mills Cask was finally removed by the 
use of two 25-ton hydraulic jacks.

This was the first structural failure that has 
been realized in the ECT overview and assess
ment testing program. A metallographic study of 
the material in the vicinity of the weld is being 
initiated to determine if the failure can be 
attributed to the weld. The results of this test 
indicate a need for further investigation of the 
container impact orientation for which the most 
damage can occur.

Figure 42. Pre-Drop Test Conditions

Figure 43. Knapp Mills Cask Failure
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PLANS FOR NEXT PERIOD APPROACH

The Knapp Mills cask will be dropped on its 
closure end with and without a steel-frame im
pact limiter. In addition, the Los Alamos Scien
tific Labortory (LASL) uranium-shielded cask and 
the Nuclear Regulatory Commission plutonium air 
transporter package will be tested.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  Second Quarter of FY 1979 --  Drop
test and leak-tightness tests of Knapp 
Mills cask

•  Fourth Quarter of FY 1979 --  Drop
tests of LASL uranium-shielded cask 
and the NRC plutonium air transporter 
package

PACKAGE FAILURE FROM MALEVOLENT 
ATTACK

ORGANIZATION AND CONTRACT NUMBER

Sandia Laboratories 
AT(29-l)-789

PRINCIPAL INVESTIGATORS

R.B. Pope 
R.T. Reese
D.L. Wesenberg

OBJECTIVES

This program provides a comprehensive study 
of the failure modes of protective packages for 
radioactive material subjected to malevolent 
attack and of the consequences to the public 
that may result from postulated attacks on 
nuclear transportation systems. Where the objec
tive of the attack is to cause a dispersal inci
dent, the potential of occurrence of events that 
would cause harm to the public can be minimized 
by ( 1 ) understanding cask breaching mechanisms 
and dispersal consequences of different attacks,
(2 ) rendering existing and future casks inherently 
more resistant to such attacks, and (3) evaluat
ing possible deterrent systems.

Previous testing, using models representative 
of full-scale obsolete shipping containers, demon
strated similar results. Using this approach, the 
investigators will develop, for test purposes, 
generic models of current and anticipated design 
technologies for spent fuel shipping containers 
(with possible aplication to high-level waste). 
The various postulated attack modes will be 
evaluated. The internal cavity environments will 
be measured during these simulated attacks. 
Spent fuel will be subjected to the measured 
cavity environments to determine the source
term. The source term consists of the aerosol
and respirable fractions of material released, the 
particle size distribution, and the energetics of 
the release. With the source term determined 
for potential malevolent attack environments, 
consequence studies evaluating realistic source 
terms can be calculated. The potential for harm 
to the public can be minimized by ( 1) under
standing the cask breaching mechanisms, (2 ) 
assessing the various designs to determine rela
tive resistance to attack, (3) determining realis
tic source terms, and (4) evaluating deterrent 
systems that will render existing and future con
tainers more resistant to attacks.

PROGRESS AND RESULTS

Radioactive material packages with authorized 
contents in excess of strategic quantities were 
categorized according to structural characteristics 
and contents. Packages representative of the 
categories were identified. Adversary simulation 
was done to show that the only significant 
malevolent attacks on the packages in their 
transportation environment are those that involve 
energy-intensive devices that focus energy with 
the intent of cutting or removing material or 
structure.

The analytical techniques for predicting the 
results of explosive attacks are being reexamined 
and developed as needed. Test results on 
obsolete full-scale and model containers have 
demonstrated that a cask can be breached.

PLANS FOR NEXT PERIOD

Generic models will be designed and fabrica
ted. An instrumented simulation of the spent 
fuel bundle will be inserted into the generic 
model. The combined package will be tested in 
simulated malevolent attacks. The internal
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cavity environments (pressure, temperature, and 
drains) will be measured during the simulated 
attacks. These cavity environments will supply 
the conditions for tests on spent fuel to be con
ducted ir. hot cells.

From the test results, a basis for decisions 
regarding relative resistance for generic container 
designs will be determined. Possible deterrent 
systems will be evaluated.

REPORTS PUBLISHED

"Package Failure from Malevolent Attack-- 
Summary Report through December 1976," 
SAND77-0810, Review Draft, Report CNSI, 
Sandia Laboratories, November 1977.

PROJECTED MILESTONES

APPROACH

In this program, full-scale hazardous material 
packaging systems for TRU wastes will now, for 
the first time, be exposed to a series of ex
treme full-scale transportation accidents, carried 
out under laboratory-controlled conditions. The 
response of actual hardware to real accident con
ditions provides an independent and compre
hensive assessment of the methodology for 
assessing the safety and environmental accept
ability of the transportation of TRU and low- 
level wastes (LLW). The approach used in this 
program is similar to the one used in the spent 
fuel cask test program, in that scale modeling 
and analytical techniques will both be used to 
evaluate the behavior of these complex waste 
containment systems under extreme accident con
ditions.

• Program definition and milestones for 
FY 1979 are still being defined.

WASTE TRANSPORTATION SYSTEMS 
TESTING AND EVALUATION PROGRAM

ORGANIZATION AND CONTRACT NUMBER

Sandia Laboratories 
AT(29-l)-789

PROGRESS AND RESULTS

In January 1978, the final test in the Full- 
Scale Vehicle Testing Program series was conduc
ted; it involved subjecting the crashed special 
railcar and spent-fuel cask system to a severe 
JP-4 jet fuel pool fire. The crashed railcar sys
tem, which was maintained in the postimpact 
orientation by placing wheel trucks under one end 
of the railcar, was placed in a specially con
structed fuel pool (Figure <tU). During the fire 
test, flame temperatures around portions of the 
cask ranged from 980°C to U50°C (Figure 45).

PRINCIPAL INVESTIGATORS

R.B. Pope 
H.R. Yoshimura 
R.A. May 
M. Huerta 
R.H. Nilson

OBJECTIVES

A primary objective of the destructive tests 
of full-scale systems is to assess and demon
strate the validity of current analytical and scale 
modeling techniques for assessing the safety of 
transuranic waste (TRU) containment systems 
under extreme accident conditions. Secondary 
objectives of this program are to gain scientific 
knowledge of the extreme accident environment, 
to provide a means of demonstrating the response 
of TRU shipping containers and vehicular systems 
under these conditions, and to provide guidance 
to the DOE Office of Waste Management con
tractors on optimal methods of designing waste 
transportation systems.

Figure 44. Crashed Railcar System in Fuel Pool

Prior to testing, the thermal response of the 
cask was analyzed with a radial finite difference 
conduction code. The results of the fire testing 
indicated that the cask structure, which was sub
jected to two times the radiant heat flux and
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REPORTS PUBLISHED

Figure 45. Crashed Railcar System Fire Test

jected to two times the radiant heat flux and 
three times the duration of the current regula
tory thermal requirements, survived without 
degradation. Due to the uncertainties in the 
characterization of the fire, further studies of 
package behavior in fire environments are 
needed.

In the Waste Transportation Systems Testing 
and Evaluation Program, test planning and 
analytical studies of current waste transportation 
systems, which could be used for transport of 
TRU wastes, were initiated. Based on this 
review, scale models of existing truck overpack 
and railcar systems were designed and fabricated.

PLANS FOR THE NEXT PERIOD

Individual tests of packages (drum, boxes, 
etc.), development of surrogate contents, and 
testing of subscale representation; of test hard
ware will be initiated. Analyses and incorpora
tion of the test results will be continued. Sub
system tests (puncture of a truck overpack wall 
and drop of a loaded transportainer in a mockup 
of a railcar) will be performed. On completion 
of the mathematical analyses and model testing, 
a full-scale impact and fire test of a truck over
pack system will be performed.

The current national and international stan
dards and possible changes in the standards will 
be evaluated, relative to the impact on waste 
transportaton systems. Of specific interest is a 
redefinition of regulations relative to fire 
exposure.

H.R. Yoshimura, "Full-Scale Tests of Spent 
Fuel Shipping Systems," ANS Transactions, Vol. 
27, 1977.

M. Huerta and H.R. Yoshimura, "A Crash 
Test of a Nuclear Spent Fuel Cask and Truck 
Transport System," SAND77-0419, Sandia Labora
tories, January 1978.

M. Huerta, "Analysis, Scale Modeling, and 
Full-Scale Tests of a Truck Spent-Nuclear-Fuel 
Shipping System in Impacts Against a Rigid 
Barrier," SAND77-0270, Sandia Laboratories, 
February 1978.

R.M. Jefferson and H.R. Yoshimura, "Crash 
Testing of Spent Nuclear Fuel Shipping Con
tainers," SAND77-1462, Sandia Laboratories, 
February 1978.

H.R. Yoshimura, "Crash Testing of Spent- 
Nuclear-Fuel Shipping Systems," Waste Manage- 
ment/78 Symposium, Tucson, Ariz., March 1978.

H.R. Yoshimura, "Full Scale Simulations of 
Accidents of Spent-Nuclear-Fuel Shipping Sys
tems," Proceedings, 5th International Symposium 
on Transportation and Packaging of Radioactive 
Materials, Las Vegas, Mev.t May 7 - \ i ,  1§78.

H.R. Yoshimura, M. Huerta, R.H. Nilson, and 
R.B. Pope, "High-Spe id Impact and Fire Test of 
a Spent Fuel Rail Cask System, ANS Trans
actions , «rol. 28, 1978.

PROJECTED MILESTONES

•  Performance of package, subscale, and
subsystem tests for existing truck over
pack and rail systems

•  Completion of structural and thermal
analyses on the existing truck overpack 
transport system

• Performance of full-scale impact and
fire tests on the existing truck over
pack transport system

SCALE MODEL IMPACT TESTING FOR 
ENVIRONMENTAL AND SAFETY CONTROL

ASSESSMENTS OF ENERGY MATERIAL 
SHIPPING CONTAINER SYSTEMS

ORGANIZATION AND CONTRACT NUMBER

Battelle Columbus Laboratories 
W-7405-ENG-92
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R.J. Burian 

OBJECTIVES

The scope of work covered in this experi
mental scale model program is the collection of 
data on the structural response of spent fuel and 
high-level waste energy material shipping
container systems to assess the effects of impact
accident environments on safety and potential 
environmental consequences. The immediate pur
pose of the experimental plan is to assess the 
effects of accident conditions on the structural
response of spent fuel and high-level waste con
tainers and to provide information for computer 
code correlation for codes being developed by 
other DOE contractors to analyze shipping con
tainer accident conditions.

APPROACH

For many years, transportation of nuclear 
energy material shipping containers has been con
ducted in carefully engineered casks or shipping
containers. As the size, heat rating, and
complexity of these systems have increased, so 
have the demands on engineering design and
analysis. Broadly speaking, the technical areas 
that must be evaluated for safety are criticality, 
shielding, thermal, and structure. The criti
cality, shielding, and thermal assessments are 
relatively well established in terms of approaches 
to analysis, and computer codes have been
experimentally substantiated.

This is not yet the case for structural 
analysis, particularly in the area of dynamic 
loading. Although many data are available and 
some simplified computer codes may be used to 
approximate certain types of hypothetical impact 
accidents, there are no generally acceptable 
techniques for analysis of dynamic loading.

The approach used in this program is to con
duct a few carefully selected experiments for 
specified container accident conditions and simu
lated environments. The containers used in the 
present experiments are replica scale models of 
typical spent fuel and high-level waste shipping 
casks. These experiments are being closely 
coordinated with other DOE contractors to pro
vide baseline data for correlation of the com
puter codes being developed.

The tasks planned in this program to accom
plish the overall objective of assessment of 
safety and environmental issues follow:

PRINCIPAL INVESTIGATOR • Engineering and analysis to determine
relevant parameters, proper scaling 
criteria, and scale model design.

•  Experimentation with scale models to
assess dynamic accident response modes 
of containment shells, shielding, and
radioactive contents. The models will 
simulate SS/Pb, SS/U, impact limiter
systems, and spent fuel elements. The 
experiments will include effects of 
geometry, temperature, impact direc
tion, thermal stresses, and containment 
seals. Materials property tests will be 
performed on conventional testing 
machines for some of the selected 
model materials where such information 
is unavailable.

• Liaison with related Government pro
grams to utilize Battelle Memorial 
Institute experimental data to corrob
orate computer code development, to 
refine risk assessment, to aid in inter
pretation of full-scale retired cask 
experiments, and to provide documen
tary film production.

PROGRESS AND RESULTS

Distorted, replica scale models of a typical, 
lead-shielded legal-weight, spent fuel truck cask 
were designed in 1/8 , 1/4, and 1/2  linear scale 
sizes. Only the primary containment vessel, lead 
shield, and lead containment vessel were simu
lated. Fabrication of the models was completed 
and a test matrix developed for a series of 30-ft 
free-fall drops at temperatures in the range of 
-40°C to 180°C. Some of the significant conclu
sions follow.

• It appears possible to predict the 
elastic and plastic dynamic structural 
response of lead-shielded shipping con
tainers with replica scale model experi
ments in 1/8 , 1/4, or 1/2  linear sizes.

• Accelerations measured during the 
dynamic impact varied considerably 
with time and specific location within 
the structure of the container.

• It is important to fully characterize the 
materials used in fabrication of scale 
models to ensure the proper interpreta
tion of dynamic structural response 
data.

•  Strains induced during secondary im
pact, or "slap down," are significant
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and ran be potentially more destructive 
than those induced from primary im
pact.

•  Comparison of thermal expansion arid
gradient-induced strains with impact- 
induced strains measured at 180°C con
tainer temperature showed that the
thermal-induced strains are an order of 
magnitude lower than the most severe 
impact accident-induced strains. For 
the -W°C  environment, the static 
strains induced by thermal contraction, 
and temperature gradients were about 
equal to the most severe impact- 
induced strains.

A series of 1 -ft drop tests was conducted 
with 1 /8  and l/U scaled containment vessel shells 
to determine instrumentation capability, scaling 
verification, and impact surface effects on 
induced elastic strains and to provide data for
computer code development.

Distorted, replica scale models of a typical 
uranium-shielded, legal-weight, spent iuel cask 
were also designed in 1/ 8 , 1/**, and 1/2 linear 
scale sizes. These models were similar to the 
lead-shielded models in that only the primary 
containment vessel, shield region, and shield 
containment were modeled. Fabrication of the 
models was completed and a test matrix was
developed for free falls from 1, 30, and 38 ft, 
at temperatures from -W)0C to 180°C, and at 
various impact orientations. Specimens for
material characterization were machined from a 
uranium ingot. A test matrix was developed for 
the characterization tests, including static and 
dynamic tests at several temperatures. The tests 
were performed and data evaluation initiated.

PLANS FOR NEXT PERIOD

The effort will continue in FY 1979 with 
replica scale model design, fabrication, and
testing. Emphasis will be placed on determining 
failure criteria for lead-shielded scale model

casks. The data obtained from these tests, as 
well as the data obtained from the uranium- 
shielded scale model tests and the uranium 
characterization tests performed in FY 1978, will 
be supplied to other DOE contractors and docu
mented and distributed as separate topical 
reports.

REPORTS PUBLISHED

R.A. Robinson, J.H. Hadden, and S.J. 
Basham, "Experimental Studies of Dynamic 
Impact Response with Scale Models of Lead 
Shielded Radioactive Material Shipping Con
tainers," Battelle Columbus Laboratories, August 
1978.

PROJECTED MILESTONES

•  October 1978 -- Completion of SS/U 
model experiments to obtain effects of 
temperature, impact angle, impact 
limiters, thermal-induced stresses, and 
dynamic loads; provide results to other 
DOE contractors

•  October 1978 — Completion of complex
structural computer analyses of all 
SS/U model data

•  December 1978 -- Issuance of topical
report on uranium material charac
terization study

• January 1979 -- Issuance of topical
report on SS/U model experiments and 
computer code comparisons with other 
DOE contractors

•  FY 1979 -- Completion of thermal- 
induced stress and elastic/plastic experi
ments of uranium-shielded model casks; 
conduct failure limit experiments on 
lead-shielded model casks

•  January 1980 -- Issuance of topical
reports on data obtained
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D E C O N T A M IN A T IO N  AND D E C O M M IS S IO N IN G

The continuing overall objective of the 
decontamination and decommissioning (D&D) 
programs is to reduce to acceptable levels any 
potential health and environmental hazards
associated with sites and facilities no longer 
required or used in the Nation's nuclear pro
grams.

Decontamination and decommissioning activ
ities in the Division of Environmental Control 
Technology are organized into four major pro
gram areas:

•  Management of surplus radioactively 
contaminated DOE facilities,

•  Remedial action for inactive uranium 
mill tailings sites,

•  Grand Junction remedial action, and

•  Remedial action at formerly utilized
Manhattan Engineer District and 
Atomic Energy Commission
(MED/AEC) contractor sites.

The following are im portant FY 1978
accom plishm ents in the D&D program areas:

•  Radiological surveys were performed 
a t 37 formerly utilized MED/AEC sites 
and engineering evaluations and envi
ronmental analyses were initiated to 
determine the extent of the need for 
remedial actions.

•  Twenty engineering assessment reports 
on 22 inactive uranium mill tailings 
sites were sent to Congress and a 
legislative proposal was forwarded that 
became P.L. 95-604 in November
1978, authorizing remedial action.

•  The Remedial Action Program for 
Grand Junction, Colorado, was ap
proximately half completed.

•  A Preliminary Plan for Decom
missioning of Radioactively Contami
nated Surplus DOE Facilities was 
issued.
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MANAGEMENT OF SURPLUS RADIOACTIVELY CONTAMINATED DOE FACILITIES
The Division of Environmental Control 

Technology is responsible for planning, budgeting, 
and implementing the program for the safe 
management and disposition of DOE facilities 
that are radioacti vely contaminated and have 
been declared surplus to programmatic needs. 
There are currently more than 460 of these 
facilities including cribs, ponds, trenches, build
ings, and reactors, more than . percent of 
which are located at Hanford, Washington.

The overall plan for the management of
surplus contaminated DOE-owned facilities con
tinues to be based on the long-term objective of 
eliminating potential hazards and reducing the 
need for perpetual surveillance and maintenance. 
Where practicable, however, the goal is to 
release property for alternative productive use 
without restrictions. Activities within the pro
gram include providing surveillance and mainte
nance to ensure that surplus facilities remain in 
an environmentally safe condition; developing 
improved techniques for the safe and economic 
decontamination and disposition of radioactive 
facilities, equipment, materials, and land; devel
oping plans, priorities, costs, and schedules for 
disposition projects; and implementing projects 
leading to improved safety, elimination of the 
expense of continuing surveillance and mainte
nance, and restoration of needed facilities or 
land areas without radiological restr! :tion.

A part of the strategy of this program is 
the development of a method for establishing the 
relative priority for projects within the inventory 
and for selecting the optimum decontamination
and decommissioning (D&D) approach from the 
options (e.g., salvage for other use, continued 
surveillance and maintenance, entombment, or 
dismantling). Complementing this approach will 
be the effort to develop and document the tech
nology as more structures are decontaminated 
and decommissioned. This will not only be of
value to those responsible for future disposition 
of surplus DOE facilities, but it will also provide 
technology for this aspect of the commercial 
nuclear fuel cycle.

The development of new and improved tech
nology for disposition of surplus nuclear facilities 
continued. For example, the decontamination of 
concrete, the volume reduction of process equip
ment, and the decontamination of metals through 
smelting are all being studied. Studies will be 
continued, and it is planned to publish findings in 
FY 1979 in a decommissioning handbook that will 
document techniques for decommissioning and 
assist in the selection of methods and estimation 
of the cost to achieve disposition criteria.

The planning activity includes developing a 
system for identifying projects and assigning 
priorities from among the more than 460 surplus 
facilities currently listed in a comprehensive 
inventory. The priorities established will provide 
a rational basis for future DicD planning and 
budgeting activities. This system, called the
Preliminary Plan for Decommissioning DOE 
Radioacti vely Contaminated Surplus Facilities, 
will include an inventory and a data base for all 
designated surplus facilities. The first version of 
this system was published in FY 1978 as "A Pre
liminary Plan for Decommissioning of Radio- 
actively Contaminated Surplus DOE Facilities."
As additional facilities are declared surplus, they 
will be integrated into an updating of the sys
tem. The output from the planning system will
provide a basis for developing future annual 
budgets, 5-year planning projections, and long
term budget requirements for disposition of 
surplus facilities. Emphasis is on identifying and 
determining the scope of individual projects and 
preparing a schedule that is comprehensive and 
compatible with National Energy Plan needs. 
The preliminary plan also identifies the needs for 
developing supporting technology, including dis
mantling and entombment techniques, soil clean
up and stabilization methods for burial grounds, 
and concrete durability studies, as a guide to 
formulating future R&D programs. The dis
position of these facilities ir. a way that ensures 
the permanent protection of the environment 
from harmful levels of radiation will be a sub
stantial undertaking requiring significant expend
itures over several decades.
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SURPLUS FACILITY 
SURVEILLANCE

Argonne National Laboratory 
W- 31 - 109-ENG- 38

PRINCIPAL INVESTIGATORS

C.L. Cheever 
H.M. Korbuc

OBJECTIVES

The objectives of the program are to provide 
radiation hazard surveillance and maintenance and 
power to contaminated surplus facilities.

APPR< :ACH

The approaches being used are to collect and 
record periodic air and smoar samples (for ascer
taining radioactivity levels) and to provide main
tenance and power for Building 37 (Fanhouse //l) 
and Building 331 (Experimental Boiler Water 
Reactor) reactor shell, which are both surplus. 
Air and smear samples are taken in Building 335 
(Juggernaut Reactor Facility) as necessary.

PROGRESS AND RESULTS

During FY 1978, radiation hazard surveillance 
included contamination surveys and weekly health 
physics observations of conditions in Building 37, 
a complete radiation survey of vertical and hori
zontal surfaces in Building 335, and numerous 
consultations and special surveys for components 
technology in that building, as well as special 
surveys (both smear and direct) for other groups 
providing service. In Building 331, continuous air 
sampling was performed and access control and 
escort service were provided, along with reten
tion tank sampling. In addition, maintenance and 
power to the named facilities were provided.

PLANS FOR NEXT PERIOD

Surveillance and maintenance will be contin
ued intil the facilities are disposed of properly.

REPORTS PUBLISHED

None

PROJECTED N’.iLES'i ONES

All aspects of the surveillance operation will 
continue until the facilities are decontaminated,

ORGANIZATION AND CONTRACT NUMBER

demolished, or released for restricted or un
restricted use. Discrete milestones have not 
been established.

SURPLUS OAK RIDGE N/ TIONAL 
LABORATORY REACTOR SURVEILLANCE

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory
W-7450-ENG-26

PRINCIPAL INVESTIGATORS

R.V. McCord
S.S. Hurt, III

OBJECTIVE

The objective of this task is to provide the 
necessary surveillance of highly contaminated, 
shutdown reactor facilities and associated liquid 
and gaseous waste services to ensure safe 
decontainment of the residual radioactivity 
pending complete decontamination and decommis
sioning.

APPROACH

Surveillance includes monitoring critical 
radiation, contamination, and volumet ic infor
mation; operation of gaseous, solid, c id liquid 
waste systems; and maintenance of i ecessary 
support systems.

PROGRESS AND RESULTS

The established surveillance program has been 
effective in the confinement of radioactive con
tamination and prevention of any significant re
leases to the environment. Four reactors are 
under surveillance, as discussed in the following 
paragraphs.

For the Molten-Salt Reactor Experiment,
daily checks were made on the radiation and 
contamination conditions, salt temperatures, cell 
pressure, and the off-gas and cell ventilation 
systems. Additional tests and checks completed 
during the year were (1 ) the fuel storage cell 
leak rate test; (2 ) reheating of the fuel and 
flush salt in the drain tank for recombination; 
(3) verification that annunciators and control
switches in service have the proper setpoints; and 
(5) verification of filter efficiency.

For the Oak Ridge Graphite Reactor, daily 
checks were made on radiation and contamination
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conditions, the cell ventilation system, canal 
flow rate, radioactivity, and pH.

For the Low-lntensity Test Reactor, daily 
checks were made on the ventilation system and 
on radiation and contamination conditions.

At the Homogeneous Reactor Test, routine 
surveillance checks were made on the building 
radiation and contamination conditions, cell ven
tilation, off-gas system, water accumulation, 
and radioactivity in the various sumps.

PLANS FOR N.XT PERIOD

Surveillance operations will be continued until 
decontamination and decommissioning operations 
are initiated.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

All aspects of this surveillance operation will 
continue until the facilities are decontaminated, 
demolished, or released for restricted or un
restricted use. Discrete milestones have not been 
established.

FISSION PRODUCT DEVELOPMENT 
LABORATORY SURVEILLANCE

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory 
W-7405-ENG-26

PRINCIPAL INVESTIGATOR

R.W. Schaich

OBJECTIVE

The objective of this task is to provide the 
necessary surveillance of highly contaminated 
shielded cells and associated liquid and gaseous 
waste services in the Fission Product Develop
ment Laboratory to ensure safe containment of 
the residual radioactivity pending complete de
contamination and decommissioning.

APPROACH

Surveillance will include monitoring critical 
radiation, contamination, and volumetric infor

mation; operation of gaseous, solid, and liquid 
waste systems; and maintenance of necessary 
support systems.

PROGRESS AND RESUITS

A total of 65,000 gallons of waste was 
transferred to the intermediate level waste sys
tem. The high-efficiency particulate air filters 
in the cell ventilation and vessel off-gas systems 
were tested twice for dioctal phthiolate and 
changed on the basis of radiation readings. 
About 36,000 gallons of process waste were col
lected, monitored, and discharged to the process 
waste system. The in-cell arms of several 
master-slave manipulators were rebooted to pre
vent excessive contamination of mechanical 
parts. About 300 smears per week were taken 
to monitor contamination on operating floors and 
surfaces, and all areas having high removable 
contamination were cleaned. Cells 15 and 16 
shielding windows were decontaminated and re
paired to prevent loss of viewing in these cells.

PLANS FOR NEXT PERIOD

Surveillance operations will be continued until 
decontamination and decommissioning operations 
are initiated.

PUBLISHED REPORTS

None

PROJECTED MILESTONES

All aspects this surveillance operation will, 
continue until the facility is decontaminated, de
molished, or released for restricted or unrestric
ted use. Discrete milestones have not been 
established.

PIQUA SURVEILLANCE

ORGANIZATION AND CONTRACT NUMBER

Battelle Memorial Institute 
W-7405-ENG-92

PRINCIPAL INVESTIGATOR

G. Kirsch

OBJECTIVE

The objective is to provide radiation moni
toring of the decommissioned reactor at Piqua,
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Ohio, for any changes that may affect the envi
ronment.

APPROACH

Air and sump samples are taken annually and 
analyzed.

PROGRESS AND RESULTS

A 1-day trip was made tc the decommissioned 
Piqua reactor. Air samples were taken as well 
as samples from the sump. These samples were 
analyzed for changes from previous samples. The 
results were reported to the Division of Environ
mental Control Technology.

PLANS FOR THE NEXT PERIOD

The annual surveillance will be continued.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

All aspects of this surveillance operation will 
continue until the facility is decontaminated, 
demolished, or released for restricted or un
restricted use. Discrete milestones have not been 
established.

IDAHO NATIONAL ENGINEERING 
LABORATORY SHUTDOWN REACTORS

ORGANIZATION AND CONTRACT NUMBER

EG&G Idaho, Inc.
EY-76-C-07-1570

PRINCIPAL INVESTIGATOR

E.W. Kendall

OBJECTIVE

The objective of this project is to provide 
required surveillance and security for Idaho 
National Engineering Laboratory (INEL) surplus 
radioactively contaminated facilities to keep 
them in a safe condition.

APPROACH

The surveillance and security of INF.L con
taminated facilities will be accomplished by 
existing security, fire protection, radiation

protection staffs, and property management 
organizations. Surveillance and maintenance will 
be provided to INEL shutdown facilities, 
including (1) the test area north (TAN) 
Radioactive Waste Evaporation System (PM-2A);
(2) Hallam Reactor Components stored at TAN;
(3) Organic Moderated Reactor Experiment; (4) 
Initial Engine Test Facility; (5) Materials Test 
Reactor; (6 ) Army Reentry Vehicle Facility Site; 
(7) Auxiliary Reactor, Area-lV; and (8 ) Borax-V 
Facility.

PROGRESS AND RESULTS

The surveillance has been maintained with no 
adverse incidents. In addition to routine surveil
lance, some decontamination and cleanup work 
was performed where needed to control the 
spread of contamination.

PLANS FOR NEXT PERIOD

Surveillance and maintenance will continue 
during the next reporting period.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

All aspects of this surveillance operation will 
continue until the facilities are decontaminated, 
demolished, or released for restricted or un
restricted use. Discrete milestones have not 
been established.

GNOME SURVEILLANCE

ORGANIZATION AND CONTRACT NUMBER

Reynolds Electric and Engineering Company, 
Inc.
EY-76-C-08-0410 

PRINCIPAL INVESTIGATOR 

J.B. Cotter 

OBJECTIVE

The program assures that the Gnome site re
mains in a safe condition.

APPROACH

The program provides inspection services to 
the Gnome site in Carlsbad, New Mexico. This
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involves a yearly contractual agreement between 
Reynolds Electric and Engineering Company, 
Inc., and Starr Equipment Rental in Carlsbad to 
provide services to inspect the perimeter of the 
fence, survey for trespassing, and repair the 
fence, as required. Inspection is performed bi
monthly and is billed monthly. Monthly patrol 
checklists are forwarded as an indicator of condi
tions onsite. These services will continue until 
such time as the site has been completely decon
taminated and released for public use.

PROGRESS AND RESULTS

Bimonthly inspections of the site area perim
eter were performed.

PLANS FOR NEXT PERIOD

Bimonthly inspections of the site area perim
eter will continue in preparation for the release 
of the site to the public by 1980.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

All aspects of this surveillance operation will 
continue intil the facility is decontaminated, de
molished, or released for restricted or unrestric
ted use. It is currently anticipated that this will 
occur in FY 1980.

BOILING NUCLEAR SUPERHEATER POWER 
STATION SURVEILLANCE

ORGANIZATION AND CONTRACT NUMBER

Center for Energy and Environment Research 
University of Puerto Rico 
EY-76-C-05-1833

PRINCIPAL INVESTIGATOR

H. Barcelo

OBJECTIVE

The objective of this program is to perform 
sirveillance of a partially decontaminated and 
entombed boiling water superheat reactor which 
was originally operated by the Puerto Rico Water 
Resources Authority.

An annual radiological survey will be 
performed and a report issued.

PROGRESS AND RESULTS

The annual radiological survey was performed 
in March 1978, and a report submitted to the 
Division of Environmental Control Technology. 
No radiation dose levels above established limits 
were detected. Also, an annual site visit by 
Oak Ridge Operations Health Physics staff was 
conducted in July 1978. No problems were 
noted.

PLANS FOR NEXT PERIOD

The annual radiological survey and site visit 
will be performed.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

•  September 1979 — Submission of annual 
radiation survey report

APPROACH

SURVEILLANCE OF HANFORD 200 AREA 
SURPLUS FACILITIES

ORGANIZATION AND CONTRACT NUMBER

Rockwell Hanford Operations 
EY-77-C-06-1030

PRINCIPAL INVESTIGATORS

A.W. Graves 
J.A. Swenson

OBJECTIVES

Several facilities located in the 200 Area of 
the Hanford Reservation are surplus to the De
partment of Energy program and operational re
quirements. This program involves surveillance 
and maintenance of the facilities that are con
taminated with radionuclides and correction of 
problems that may affect the environment.

APPROACH

Structural facilities require periodic surveil
lance to determine that there has been no
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tampering by other personnel or destruction by 
natural causes. Where services such as ventila
tion and heating are provided to these struc
tures, the equipment must be maintained. Aban
doned subsurface repositories of radionuclide 
waste requires periodic surveillance and correc
tive action. Signs and barriers must be installed 
or repaired as necessary, contaminated vegeta
tion must be removed to the burial grounds, 
loose contamination must be covered with clean 
soil, and cave-ins and depressions must be filled 
to prevent release of contamination to the
environment. When contaminated soil has been 
removed, biobarriers will be installed, clean soil 
brought in to supplement removed soil, and the 
area planted with native grass as required.

PROGRESS AND RESULTS

The following facilities and areas were in
spected and maintained in a safe condition,
through performance of the noted activities:

•  Structural facility surveillance and 
maintenance performed on 202-S 
complex (Redox), 271-C (semiworks 
complex), 200-N buildings, (in-tank 
solidification) (ITS-1), and all retired 
outdoor radiation areas.

• SX tank farm contaminated soil re
moved and fabrifilmed; emplacement of 
a plastic biobarrier prior to backfilling 
with clean soil.

• Soil removed and a plastic biobarrier 
placed to preclude moisture from 
leaking contamination within site 
barrier at 23rd and Camden Avenues in 
the 200 West area -- approximately 75 
percent complete.

• 216-B-42-50 crib area decontaminated 
and a plastic biobarrier installed; sur
face revegetated with cheat grass.

•  New posting requirements initiated and 
approved.

• Maintenance items such as chains, 
signs, and posts placed in position as 
time and weather permit.

•  Cleanup of contamination at the 204-S 
sump initiated and completed.

PLANS FOR NEXT PERIOD

Plans for the next period include the con
tinued posting of maintenance items such as

chain barriers and signs; the installation of 
approximately 5000 concrete marker posts at the 
outdoor radiation zones in the 200 West and 200 
East areas; and the removal of contaminated soil 
and revegetation of outdoor radiation zones (2 0 0  
East and West burial grounds, B-C crib area, 
B-C crib control zone, and 216-S site).

REPORTS PUBLISHED

D.A. Marsh, "Surveillance and Maintenance of 
Retired Surplus Facilities Project Plan," 
D0101PP0001, Rockwell Hanford Operations, 
May 9, 1978.

PROJECTED MILESTONES

•  Initiate surface decontamination of the
B-C cribs

•  Initiate surface decontamination of the
B-C crib control zone

•  Implement the new posting system to
comply with the new approved proce
dures

•  Complete 216-S site stabilization

•  Perform semiannual radiation survey of
retired buildings

•  Provide required maintenance for all
retired buildings

•  Provide surface stabilization and re
vegetation of 200 East area and 200 
West area retired burial grounds

SURVEILLANCE OF HANFORD 100 AREA 
SURPLUS FACILITIES

ORGANIZATION AND CONTRACT NUMBER

United Nuclear Industries, Inc.
RL 9307A

PRINCIPAL INVESTIGATOR

R.K. Wahlen

OBJECTIVE

Four production reactor facilities at Hanford 
are currently in a retired (surplus) status. The 
surplus facilities surveillance program will ensure 
that potential radiological and industrial hazards
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are promptly corrected and will maintain an 
effective property control system.

APPROACH

The surplus facility surveillance program is 
implemented by a system of procedures that 
identifies periodic industrial, radiological, and 
environmental surveillance requirements. In addi
tion, procedures are included for maintaining, in
specting, and testing emergency alarm and fire 
protection systems. The frequency of the inspec
tions is based on several factors, including the 
following:

•  Facility status (e.g., occupied, par
tially occupied, in occupied);

•  Condition of the buildings;

•  Fire potential; and

Records are maintained of all inspections to show 
current facility condition, actions required, and 
actions taken to correct potentially hazardous 
conditions. Table 11 Surplus Facility Surveil
lance, summarizes the surveillance program.

PROGRESS AND RESULTS

All required inspections have been completed 
on schedule. Potentially hazardous conditions 
identified during these inspections have been cor
rected.

PLANS FOR NEXT PERIOD

The current surplus facility surveillance pro
gram will be continued. The surveillance pro
gram will be reviewed periodically to ensure its 
adequacy.

REPORTS PUBLISHED

•  Potential safety and environmental None
hazards.

Table 11. Surplus Facility Surveillance

Frequency Surveillance Type Remarks

Weekly Radiation survey All occupied buildings, areas, 
and equipment

Monthly Industrial and 
environmental hazards

All buildings, for safety and 
fire hazards

Radiation survey All occupied buildings, 
including radiation zones

Quarterly Radiation survey Unoccupied, contaminated 
buildings

Semiannually Radiation survey Unoccupied, uncontaminated 
buildings

Annually Radiation survey High radiation zones in all 105 
and 115 buildings

Spri ng Radiation survey Burial grounds, cribs, trenches, 
etc., surveyed during growing 
and windy seasons
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PROJECTED MILESTONES DECOMMISSIONING OF HANFORD 
FACILITIES: TECHNOLOGY

All aspects of the surveillance operation will 
continue in til the facilities are decontaminated, 
demolished, or released for restricted  or unre
stricted use. D iscrete milestones have not been 
established.

HEAVY WATER COMPONENTS TEST 
REACTOR SURVEILLANCE

ORGANIZATION AND CONTRACT NUMBER

E.I. duPont de Nemours & Company, Inc. 
A T(07-2)-l

PRINCIPAL INVESTIGATOR

G.F. Merz

OBJECTIVE

The objective of this surveillance is to main
tain the security and safety  of the iieavy water 
components test reactor (HWCTR) facility, shut
down in 196<t and , for the past several years, 
"abandoned in place."

APPROACH

The surveillance of HWCTR is carried out by 
plant patrols who make routine visual property 
inspections and lock checks each shift. Bi
monthly m aintenance is performed on fans and 
lights, e tc . An annual safety  inspection is made 
and recorded by DOE safety  personnel.

PROGRESS AND RESULTS

No security or safety  incidents have been re
ported.

PLANS FOR NEXT PERIOD

Surveillance will continue as in the past year. 

REPORTS PUBLISHED 

None

PROJECTED MILESTONES

Decommissioning is not planned to begin 
before 1990 according to the Preliminary Plan 
for Decommissioning of DOE Surplus Facilities.

ORGANIZATION AND CONTRACT NUMBER

Pacific  Northwest Laboratory
EY-76-C-06-1830

PRINCIPAL INVESTIGATOR

R .R. King 

OBJECTIVES

The objectives of this task are to conceive, 
develop, and test advanced technology applicable 
to the Hanford decommissioning effort.

APPROACH

Two methods to spall contam inated concre te  
surfaces are being pursued. The primary m ethod 
is the rock splitter. This tool exerts radial 
pressure with expanding split wedges on the sides 
of a shallow cylindrical hole drilled in concre te . 
The other method uses a water cannon—a 458 
magnum rifle  modified to shoot a glycerine jet 
a t very high velocity. A third method involves 
abrading the contaminated concrete surface by 
blasting with dry ice crystals; sand-blasting-type 
equipm ent is used.

Plans have been formulated to (1) charac
te rize  the  expected waste from the 233-S Decon
tam ination and Decommissioning (D&D) pro ject 
with respect to suitablity for decontamination by 
electropolishing; (2) compare cen tral, m odular, 
and portable electropolishing decontam ination 
facility  concepts for 233-S-type D&D operations; 
and (3) investigate the applicability of in situ  
electropolishing techniques for the predisassembly 
decontam ination of piping and other facility  com 
ponents.

Core samples are being taken from se lec ted  
Hanford facilities. The samples are tested  for 
com pressive strength and thin sections are  p re
pared for petrographic examination. The resu lts 
of these experiments will be used to determ ine 
long-term  durability of Hanford-type concretes 
and to  evaluate the condition of existing fac ili
ties. This information could be used to  help 
decide if entombment, protective sto rage , or 
dism antling would be the preferred decommis
sioning approach.

1M



A prototype field unit for measuring very  low 
levels of residual transuranic activity in s tru c 
tu ra l m aterial and soils following decontam ination 
is being developed. The instrument is based  on 
the d irec t counting of low-energy photons from  
plutonium  and americium isotopes using an in tr in 
sic germanium diode.

The ability of a biobarrier (a rock -g rave l- 
sand-topsoil cover) to prevent plant and anim al 
pene tra tion  of contaminated burial grounds is 
being examined. Soil mixed with lithium chloride 
sim ula tes radioactive w astes.

PROGRESS AND RESULTS

T ests  of the rock sp litte r and the w a te r 
cannon were conducted in the 100-F a re a  on 
co n cre te  typical of that found in contam inated 
H anford buildings. The prim ary method te s te d  
was the rock splitter. It required approxim ately 
8 m inu tes to drill and spall a surface a rea  of a 
square yard. The rubble produced was of con
venient size for handling; much of the su rface  
a rea  remained intact. The water cannon w orked 
well for removing small a reas that did not break 
loose on the first pass of the rock splitter.

Existing dry-ice blasting equipment is lim ited  
to  100 psi; initial te s ts  were not com pletely  
sa tis fac to ry . A 250-psi system  is under develop
m en t.

The evaluation of the applicability of e lec -  
tropolishng techniques to the  planned 233-S D&D 
dem onstration project was only recently in itia te d  
and l i t t le  progress has been made toward ob jec
tiv e s . However, the technique is well e s ta b 
lished and has been successfully dem onstrated on 
a v a rie ty  of materials and configurations.

Ten core samples, 4 inches in diam eter and 
12 inches long, have been taken from the 221-T  
Building. This particular concrete  is 35 years old 
and is typical of Hanford chemical processing 
fa c ilitie s .

T otal times have been calculated fo r the  
au tom ated  surveying of 1000 m2 of surface. At 
the 0.01 nCi/cm^ level for 241 Am or a t th e  1 
n C i/cm 2 level for plutonium , 25 hours would be 
requ ired  with a detector-to-surface separation of 
1 m e te r .

B iobarrier field tests and greenhouse stud ies 
are  continuing. The fie ld  tests  are associa ted  
w ith a  te s t trench in the  200 area. In th e  3 
years the  test trench has been used, th e re  has 
been only one indication (in  1976) of a tum ble

weed root penetrating the cobble barrier. There 
is no indication that any o th e r plant or animal 
penetration has occurred.

PLANS FOR NEXT PERIOD

A nonautom ated p ro to ty p e  concrete surface 
removal system  will be designed , fabricated, and 
dem onstrated. The po ten tia l for utilization of 
project-developed co n cre te  decontamination, 
electropolishing, and survey  techniques in 
Hanford demonstration p ro jec ts  will be estab 
lished. C ore sampling of re tire d  Hanford fac ili
ties will continue.

REPORTS PUBLISHED

K.K. Nielson, R.L. Brodzinski, and N.A. 
Wogman, "In Situ Transuranium Element Measure
ment Technique for W astes Associated w ith 
Power R eactor Fuels," Proceedings of the  
American Nuclear Society Topical Meeting on 
Analytical Methods for Safeguard  and Account
ability M easurement of Special Nuclear M aterial, 
Williamsburg, Va., May 15 -17 , 1978.

J.M. H alter and R.G. Sullivan, "Techniques 
for Removing Contam inated Concrete Surfaces," 
Proceedings of the Fourth International Sympo
sium on Contamination C o n tro l, Washington,
D.C., Septem ber 11-13, 1978.

PROJECTED MILESTONES 

None

RECYCLE OF CONTAMINATED SCRAP 
METALS

ORGANIZATION AND CONTRACT Nl MBER

National Lead Company of Ohio 
EY-76-C-05-1156

PRINCIPAL INVESTIGATOR

J.H. Cavendish

OBJECTIVES

There are  two tasks involving the recyle of 
contam inated scrap m etals. The objective for 
Task A is to  have cu rren t Federal regulations 
amended to  permit unlicensed possession, sa le , 
and use of metal contam inated  with special 
nuclear m ateria ls (SNM) below a specified de
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minimis concentration. For Task B, the objec
tive  is to provide a  means for decontaminating 
th e  scrap metal so th a t it meets the proposed de 
minimis concentrations for SNM.

APPROACH

Concerning Task A , present Federal regula
tions (10CFR70) prohibit the possession, use, or 
sale of any quantity of SNM, except by holders 
o f a specific license. Enforcement of these 
regulations precludes the sale of m etal scrap 
homogeneously contam inated with small quantities 
o f SNM, so an am endm ent to 10CFR70 to estab
lish a de minimis concentration for enriched 
uranium and technetium -99 to allow unrestricted 
sa le  of the metal scrap  is being pursued.

For Task B, th e  primary decontamination 
method being pursued to achieve de minimis con
centrations is sm elting.

PROGRESS AND RESULTS

An Environmental Impact Assessment (EIA) 
covering the proposed amendments was completed 
in August 1976 for Task A and was reviewed by 
th e  Nuclear Regulatory Commission (NRC). 
Pacific Northwest Laboratories (PNL) was con
trac ted  to prepare an Environmental Impact 
Statement (EIS), and the first draft was comple
ted  and reviewed by NRC in December 1978. 
Minor revisions w ere required, and these are 
scheduled for com pletion by March 1, 1979.

On Task B, a  comprehensive review of the 
smelting of contam inated steel scrap was com
pleted in January 1978. This included an 
economic evaluation of portable versus fixed-site 
sm elter options. R esults indicated that smelting 
th e  steel scrap would be economically a ttractive, 
provided the product could be sold without re
striction. The portab le  sm elter option appeared 
most attractive. Following this review , the Oak 
Ridge Operations O ffice  (OR) made a decision to 
suspend further work on steel scrap smelting, 
pending resolution of the regulatory changes 
described under Task A.

Work has continued on development of a de
contamination process for copper and aluminum 
scrap generated in th e  Cascade Improvement Up- 
rating  Program. Development . !  a copper

sm elting process utilizing existing furnaces a t the 
Feed Materials Production Center (FMPC) has 
been completed. Authorization for installation of 
necessary additional equipment and conduction of 
a dem onstration campaign has been granted by 
OR.

PNL has been given a contract by NLO to 
evaluate  the feasibility of decontaminating 
C ascade Improvement Uprating Program aluminum 
scrap  by electropolishing. This has proven suc
cessful for surface-contam inated scrap, and PNL 
is currently attem pting to develop techniques to 
separa te  surface from homogeneously contam ina
ted scrap.

PLANS FOR NEXT PERIOD

For Task A, it  is planned that the NRC re
view of the EIS will be completed by September
1979. Following this, the proposed amendments 
will be published and a 45-day period for public 
com m ent allowed. Any significant comments will 
be acted on and the final rule change promul
gated .

•
For Task B, the copper smelting process will 

be installed at the FMPC by October 1, 1979. 
The demonstration campaign will be conducted in 
O ctober-D ecem ber 1979.

The evaluation of aluminum decontamination 
by electropolishing will be completed by PNL by 
June 1979. An economic evaluation of this proc
ess for production use will then be made. If it 
appears a ttra c tiv e , a proposal and preliminary 
design for a plant-scale unit will be made.

It is anticipated that final action on the de 
minimis rule change will be completed by 
January 1980. If the proposed amendments are 
approved, the way will be cleared for sale of 
sm elted  scrap, and construction of a steel 
sm elter will be reconsidered. The economic 
evaluation described above will be updated and, 
if s till a ttrac tiv e , work on preparation of a line- 
item  construction project for budget submission 
will proceed.

REPORTS PUBLISHED

None
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successful operation of the vacuum furnace with 
uncontaminated sc ra p , the system will be re
designed and m odified to  accept radioactive 
scrap. Simultaneously, laboratory-scale tests (up 
to  4 kg) will be conducted with contaminated 
m aterials to investigate the redistribution o f, and 
to determine the feasibility  of slag separation 
o f, radionuclides during meltdown.

PROGRESS AND RESULTS

PROJECTED MILESTONES

PROJECTED MILESTONES FY 1978FY 1979FY 1980 FY 1»1 FY 1962
TMK A: REGULATORY AMENDMENTS NRC REVIEW OP EIA PREPARATION OF EIS BY PNL REVIEW OF EIS. RULE PROMULGATION

J
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CONTAMINATED EQUIPMENT VOLUME 

REDUCTION

ORGANIZATION AND CONTRACT NUMBER

Rockwell Hanford Operations 
EY-77-C-06-1030

PRINCIPAL INVESTIGATORS

G. A. Beitel
A. W. Graves

OBJECTIVE

The objective of this program is to design, 
develop, and demonstrate process equipment tha t 
will reduce the volume of contam inated equip
ment to a size and form suitable for disposal.

APPROACH

Studies during the past 3 years have conclud
ed tha t meltdown is the optimum final step in 
preparing metallic waste for disposal, provided 
tha t fume control and remote operation can be 
achieved. Control of fumes associated with the 
melting process dictates the use of a closed 
furnace. A vacuum furnace has been chosen as 
the ideal containment system.

A vacuum furnace capable of m elting up to 
400 kg of steel scrap per batch has been de
signed. Melting is to be accomplished by d irect 
arc heating in a water-cooled copper crucible. 
Mechanical pumps will provide the requisite 
vacuum. The furnace was designed to  maximize 
cleanliness and minimize complexity. Following

A contract to com plete the design and fabri
cate the vacuum furnace was w ritten and all
terms negotiated. Final approval had not been
received because the D epartm ent of Energy
decided to delay funding until next year.

The scope of the program was redirected,
with a significantly reduced budget. The major 
effort was to equip the laboratory in which to 
conduct the laboratory-scale tests  of contamina
ted materials. The induction furnace (40 kW, 
high-frequency power supply, made by Inducto- 
therm Corporation, with a nominal melting capa
city of 1.5 lb of s tee l per m inute) was purchased
and installed; a tilt-p o u r crucible was designed
and built; a glove box and hood were modified;
and the laboratory m odification was completed.

Activities re la ted  to the vacuum furnace
system included redesign of the crucible and the 
ingot removal system  to be cleaner and simpler 
in operation and less expensive to build. The
high-current power supply to be used to drive 
the melting arc was built by Kirkhof Division of 
the Flex Corporation, Grand Rapids, Michigan,
and delivered to Hanford. At the end of July
1978, funds becam e available from other pro
grams and approval was received to purchase 
some components of the furnace. Orders were 
placed for $100,000 worth of standard compo
nents that could be received before the end of 
the fiscal year.

A vacuum furnace development plan was 
written and distributed. A report that presents a 
cost benefit analysis of meltdown as a pre
disposal treatm ent option was w ritten.

PLANS FOR NEXT PERIOD

The contam inated m elt tests  will be initiated 
after the appropriate safety  reviews have been 
conducted. One of the major questions to be 
resolved by this e ffo r t  is the relative merit of 
utilizing a slagging system to reduce the initial 
contaminated scrap charge, either from high- 
level to low-level fission product w aste, or from 
transuranic to nontransuranic waste. A contract
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to  fabricate the vacuum furnace will be obtained 
and all available funds will be u tilized  to procure 
the  vacuum furnace.

REPORTS PUBLISHED

"Remote Disassembly of Radioactively Con
taminated Vessels by Means of an Arc Saw," 
submitted for publication in the  proceedings of 
the 70th Annual AlChE M eeting, New York, 
N.Y., November 1977.

"Volume Reduction of M etallic  Waste by 
Vacuum Meltdown," Proceedings of th e  Environ
mental Control Symposium, W ashington. b.C ., 
November 1978.

PROJECTED MILESTONES

•  December 1, 1978 — In itia te  contam
inated m elt studies

•  January 15, 1978 — Sign vacuum furnace
fabrication contract

•  September 1, 1979 — Issue draft re
port on contam inated m etal melt 
studies

•  November 30, 1979 — C om plete fabri
cation of vacuum furnace

REMOVAL OF ACTINIDES FROM 
CONTAMINATED SOILS

ORGANIZATION AND CONTRACT NUMBER

Rockwell International 
AL-03-533

PRINCIPAL INVESTIGATOR

J.W. White

OBJECTIVES

This project will develop and dem onstrate soil 
decontamination processes for the  removal or 
concentration of actinides from  contaminated 
soils at DOE facilities.

APPROACH

Soil decontamination development work is now 
in progress on a  laboratory sca le , using Rocky 
F la ts , Colorado, soil. Pilot p lan t-s ize  decontam

ination m ethods will be evaluated in a new soils 
decontam ination laboratory. The technical 
expertise obtained from this work on Rocky Flats 
soil will benefit the development of processes 
applicable to  soils a t other DOE sites. In partic
u lar, samples will be obtained from five DOE 
sites and will be characterized completely. This 
will include descriptions of physical and chemical 
properties, as well as the forms and types of 
actinides presen t. Each soil will then be evalua
ted using Rocky Flats decontamination tech
nology. N ex t, improvements will be identified 
and tested . Finally, pilot-plant-scale tests and 
engineering studies will be performed.

PROGRESS AND RESULTS

C ontacts were established at five DOE
facilities: Idaho National Engineering Labora
tory , Los Alamos Scientific Laboratory, Hanford 
Facility, Oak Ridge National Laboratory 
(ORNL), and fviound Laboratory. All sites, ex
cept ORNL, were visited and sampling plans
established. A com plete manual of soil charac
terization procedures was written.

Improvements to the primary decontamination 
process w ere identified using Rocky Flats soil.
These included optimum pH and colloidal disper
sion. A te r tia ry  process consisting of water, 
calgon, and a  heavy, nonpolar liquid was devel
oped. So fa r , the process has resulted in a 
volume reduction of 78 percent, with 99 percent 
of the actin ides removed.

PLANS FOR NEXT PERIOD

Four main tasks have been identified for 
completion.

•  Task 1: All samples will be collected,
shipped, and analyzed. Analysis will be 
perform ed a t the five sites and con
firm ed a t Rocky Flats.

•  Task 2: All soils will be chemically
and physically characterized. New pro
cedures will be developed to accomplish 
the  characterization.

•  Task 3: The forms and types of
ac tin ides will be characterized using 
alpha and fission tracks.

•  Task U: Rocky Flats primary decon
tam ination  methods will be tested and 
im provem ents identified for all five 
sites.
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R.L. Kochen and J.D. Navratil, "Development 
of Actinide Decontamination Processes for Rocky 
Flats Soil: I. Laboratory-Scale Process Develop
ment," CRD-78-0, Rockwell International,
Golden, Colo., August 2, 1978.

R.L. Olsen, "Soil Characterization Proce
dures," CRD-78-096, Rockwell International, 
Golden, Colo, August 31, 1978.

3. A. Hayden and W.L. Polzer, "Physical
Characterization of Actinides in a Liquid 
Waste/Soil Medium Using Nuclear Track
Methods," RFP-2858, Rockwell International, 
Golden, Colo., in press.

PROJECTED MILESTONES

(Milestones correspond to the four major 
tasks outlined.)

•  January 1979 — All samples will be 
collected, shipped, and analyzed

•  September 1979 — Chemical and physi
cal characterization of all soils

•  March 1979 -- Alpha and fission track 
analysis on all soils

•  August 1979 — Testing and identifica
tion of improvements to Rocky Flats 
primary decontamination process on all 
soils

REPORTS PUBLISHED

DEVELOPMENT OF A DECOMMISSIONING 
HANDBOOK

ORGANIZATION AND CONTRACT NUMBER

Nuclear Energy Services, Inc. 
EP-78-C-02-4775

PRINCIPAL INVESTIGATORS

W.J. Manion 
T.S. LaGuardia

OBJECTIVE

The objective of this project is the develop
ment of a handbook for use in planning the de
commissioning of facilities used in nuclear power 
research, generation, or production by DOE. 
The detailed guidance provided in the handbook

to accomplish the  various techniques used in de
commissioning will improve th e  efficiency and 
consistency of fu ture decommissioning programs 
(DOE and/or com m ercial).

APPROACH

The decommissioning handbook will be 
developed in th ree  phases, as de ta iled  below.

Phase 1 - Identification of Factors

The fac to rs  of prim ary concern in the 
decommissioning of each ca tegory  of facility 
will be determ ined. Typical facility charac
teristics and pertinent descriptions such as 
operating h isto ry , m aterials of construction, 
and plant arrangem ent will be defined.

Phase II - Development o f Technical Infor
mation

Each of the following topics will be in
vestigated, evaluated , and presented in the 
handbook:

•  Description of decommissioning 
options,

•  Selection of decommissioning op
tions ,

•  Estim ation of radioactive inven
to ry  and occupational exposures,

•  Decontamination m ethods,
•  Disposition of radioactive and non

radioactive w aste ,
•  Removal of radioactive metals,
•  Removal of rad ioactive concrete,
•  Removal of contam inated systems,
•  Transportation of radioactive 

m ateria ls ,
•  Environmental im pac t assessments, 

and
•  Estim ation of co s t.

Sources of information on these topics 
will be technical papers published on related 
subjects, vendor contact to  investigate rele
vant processes and equipm ent, site visits to 
obtain firsthand information on typical facil
ity layouts, and Nuclear Energy Services, 
Inc., decommissioning experience during the 
decommissioning of the Elk River and 
BONUS reactors.

Phase III - Compilation of th e  Decommis
sioning Handbook

The analytical and instructional infor
mation generated in Phase II will be integra
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ted into handbook form at. Introductory and 
summary information will be prepared, and 
the  compiled document will be delivered to 
DOE.

PROGRESS AND RESULTS

Progress is reported in each phase of the 
p ro jec t. Most of the information gathering re 
quired for Phase I and Phase II has been com ple
ted . Compilation of the handbook, Phase III, 
has been initiated. The following summarizes the 
results that have been accomplished!

•  Draft chapter, "Estim ation of Radio
active Inventory," written and sub
mitted to DOE for comment;

•  Draft chapter, "D econtam ination," pre
pared and being reviewed prior to sub
mission to DOE;

•  Draft chapter, "Removal of Radioactive
Metals," prepared and being reviewed 
prior to submission to DOE;

•  Draft chapter, "Cost Estimating Proce
dure," prepared and being reviewed 
prior to submission to DOE.

•  Drait chapter, "Removal of Radioactive
Concrete and S tructures," initiated; and

•  Draft chapter, "Removal of C ontam i
nated Systems," initiated.

PLANS FOR NEXT PERIOD

Preparation of the handbook will be com pleted 
in FY 1979. DOE comments will be reviewed 
and incorporated into the final issue of the hand
book.

REPORTS PUBLISHED

T.S. LaGuardia and W.3. Manion, "R eactor 
Decommissioning Information Pertinent to Plan
n ing ," presented at the American Nuclear Society 
w inter meeting, Washington, D .C., November 
12-16, 1978.

W.3. Manion, "Summary of a Decommissioning 
Handbook for Nuclear F acilities,"  presented to 
In ternational Symposium on the Decommissioning 
of Nuclear Facilities," Vienna, A ustria , 
November 13-17, 1978, published as International 
A tom ic Energy Agency docum ent, 
IAEA-SM -234/44.

•  April 1979 — Completion of project

PROJECTED MILESTONES

WESTERN NEW YORK NUCLEAR CENTER 
STUDY

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory
W-31- 109-ENG-38

PRINCIPAL INVESTIGATOR

C. Luner 

OBJECTIVES

In the Department of Energy Authorization 
Act of 1978, the D epartm ent of Energy (DOE) 
was instructed to conduct a 1-year study of the 
Western New York N uclear Service Center
(WNYNSC), which would include consideration of 
the following options:

•  Federal technical and financial aid in 
support of decommissioning high-level 
wasie disposal operations at WNYNSC;

•  Federal operation of WNYNSC for the 
purposes of decommissioning existing 
facilities and disposing of existing high- 
level w astes, including a demonstration 
program for the  solidification of 
high-level wastes for permanent burial;

•  Permanent Federal ownership of and
responsibility for all or part of 
WNYNSC, and Federal receipt of the 
license from the present colicensees;
and

•  Use of WNYNSC for other purposes.

In addition, the a c t specified that the study in
clude recommendations for allocation of existing 
and future responsibilities among the Federal
Government, the State of New York, and pres
ent industrial participants in WNYNSC.

Funding for the study was provided under the 
Assistant Secretary for Environment, Division of 
Environmenal Control Technology (ECT). Under 
an agreem ent between the  Assistant Secretaries
for Environment and for Energy Technology,
major responsibility for the  study was delegated
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to the Office of Nuclaar Waste M anagement, 
Division of W aste Products (WP). ECT retained 
responsibility fo r conducting an overview study of 
environm ental implications that is being per
form ed by B a tte lle  Columbus Laboratories.

WP co n trac ted  with Argonne National 
Laboratory (ANL) for preparation of the tech 
nological portions of the study and for general 
assistance in its  preparation. The major objec
tive of the ANL work was the characterization 
and reporting of the "limiting" technological 
options suitable fo  acceptable long-term  disposi
tion of the va.jous facilities at WNYNSC with 
respect to feasib ility , present availability of 
needed technology, gros- environmental implica
tions (particu larly  radiological), tim e required 
for com pletion, and cost. The limiting options 
were defined (by WP with ANL input) to repre
se n t, on one en d , a minimum amount of physical 
a lteration  and resulting costs and, on the other 
end , the maximum amount of physical a lteration  
and resulting co sts . In general, the minimum 
altera tion  (low) options included continued 
storage of radioactive materials at WNYNSC with 
continued restric tions on the use of some of the 
s ite . The maximum alteration (high) options 
might allow in restric ted  use of the site in the 
fu tu re . Other objectives included development of 
a variety of background material required for a 
coherent rep o rt, which would be comprehensible 
to  in terested  m em bers of the public and include 
inform ation such as the history of the cen ter and 
the contractual relations among the parties to  its 
inception and operation.

APPROACH

ANL established an in-house cadre which 
developed a l.'gh degree of awareness and knowl
edge of the e i.tire  WNYMSC situation ana avail
able technological approaches. A detailed tech
nical and cost study of the selected options was 
carried  out by highly qualified subcontractors 
under the d irection  of ANL; general assessm ent 
of environm ental and socioeconomic applications 
was made by th e  ANL staff. Synthesis, w riting, 
and editing was carried out by the ANL s ta f f , 
in teracting  closely with the DOE/WP special proj
ec ts  branch, which managed the overall study 
and prepared th e  portions dealing with financial 
responsibility and other institutional considera
tions. Final cost estimates were prepared by 
DOE specialists, assisted by ANL staff m em bers.

PROGRESS AND RESULTS

Early in FY 1978, DOE/WP determined th a t 
two reports should be prepared for public

dissemination — a brief "Summary Report" and a 
much longer "Companion R ep o rt,"  the la tte r 
intended to provide detailed technical discussion 
and other background m ateria l. The ANL drafts 
of these reports were com pleted on schedule and 
delivered to DOE in August 1978. DOE is 
expected to publish both reports for public 
comment after internal review and some further 
revision, in November 1978.

PLANS FOR NEXT PERIOD

ANL will assist DOE/WP in final revision of 
the study reports and provide assistance as re
quired in connection with public meetings that 
DOE may schedule.

REPORTS PUBLISHED

Primary publication of this work will be by 
DOE. No results have been published by ANL to 
date.

PROJECTED MILESTONES 

None

PLANNING FOR DECOMMISSIONING OF 
RETIRED HANFORD FACILITIES

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory 
EY-76-C-06-1830

PRINCIPAL INVESTIGATOR

J.C. King

OBJECTIVES

The objectives of the Hanford decommis
sioning planning project are to  establish a plan 
(methods, costs, p riorities, and schedule) for 
decommissioning re tired , contam inated DOE facil
ities at Hanford; to  undertake neaded site 
characterization of the Hanford areas; and to 
initiate detailed planning for fu ture decommis
sioning projects a t Hanford.

APPROACH

Two tasks were planned for this project in FY
1978, including continuation of Hanford decom
missioning data management e ffo rts  and revision 
of preliminary plans for Hanford. D ata manage
ment work focused on two areas: f ir s t ,  the issue 
of the rem aning sectors of the Hanford
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Decommissioning Resource Book and, second, the 
required transfer of the com puter-based Hanford 
Decommissioning Information System from the 
offsite  Computer Sciences Corporation INFONET 
data management system to the onsite Boeing 
Com puter Services SYSTEM 2000 data manage
ment system .

The second task, revision of preliminary plans 
for Hanford, included incorporation of DOE 
Headquarters comments, addition of remaining 
fac ilities  currently declared surplus, and organi
zation of surplus facilities into logical decommis
sioning projects.

PROGRESS AND RESULTS

Progress on this project was delayed, f i r s t , 
by the higher priority assigned by the sponsor to 
the National Decommissioning Planning Project 
and, second, by the preemption of project 
management staff for work on the Commercial 
Waste Management Statem ent. Potential o ffsite  
hazard was identifed as the single most impor
tant sponsor concern regarding surplus DOE 
nuclear facilities. A system was devised to e s ti
m ate potential offsite population dose from unit 
releases of common radioisotopes. These "dose 
conversion factors" were site specific , based on 
the population distribution surrounding 16 sites of 
surplus facilities. A relative estim ate of poten
tial o ffsite  hazard was then made by multiplying 
fac ility  radioisotopic inventories by the appro
priate dose conversion factors. Tne resulting 
hypothetical population dose was then added 
across all isotopes for each facility  to provide an 
estim ate  of potential offsite hazard for each 
fac ility . The normalized sums provide a ranking 
of facilities by potential offsite hazard.

Pacific  Northwest Laboratory personnel p a rti
cipated  in numerous project review sessions 
through May 1978. In Dune, the staffing of this 
p ro ject was preempted by the Commercial Waste 
Management Project, postponing further ac tiv ities 
until FY 1979.

PLANS FOR NEXT PERIOD

It is proposed to refine the ranking system by 
incorporating a measure of facility  containm ent 
capability  into the assessment of potential o ffsite  
hazard . Consideration of ranking c rite ria  in 
addition to potential offsite hazard will follow. 
The data management system will be updated as 
additional information becomes available.

Division of Environmental Control Technology 
(contributing author),"N ational Plan for Decom
missioning of DOE Owned Surplus Facilities," 
D raft, HCP/P0701-01 U C -70, Department of
Energy, Washington, D .C., May 1978.

PROJECTED MILESTONES

None

REPORTS PUBLISHED

CHARACTERIZATION OF HANFORD 300 
AREA BURIAL GROUNDS

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory
E Y -76-C -06-1830

PRINCIPAL INVESTIGATOR

S.3. Phillips 

OBJECTIVE

Substantial quantities of high-level transuranic 
and other nuclear m aterials have been disposed in 
solid waste burial facilities on the Hanford reser
vation in Washington. The location, composition, 
physichemical s ta tu s, and migration of waste 
materials and isotopes are not accurately known. 
The objective of this program is to develop the 
technologies required to conduct comprehensive 
geophysical, geologic, biologic, and computer 
model analyses of specific sites. These studies 
will provide analyse? of the risks associated with 
the alternatives o ' designating sites for perma
nent storage or removal of wastes and contami
nated sediments.

APPROACH

A comprehensive evaluation of historical 
records, inventory, and engineering operations 
was com pleted, and documentation of post- 
operational remedial activ ities and surveillance 
and radioactive waste burial sites is being con
ducted. These activities have been initiated to 
establish present baseline data relevant to burial 
site decontamination and decommissioning. 
Characterization of the geohydrologic system 
containing disposed m aterials is being conducted 
by specific tasks, including geophysics, drilling,
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radiochemistry-geochemistry, fluid migration, 
simulation modeling, monitoring, and biologic 
analysis.

PROGRESS AND RESULTS

The formulation of a decontamination and 
decommissioning rationale to provide information 
pursuant to conducting actual decontamination 
and decommissioning activities of waste burial 
grounds is based on regulatory, generic opera
tional procedures and site-specific information. 
This information is being collected to provide 
background for task activities and permits an 
additional framework from which disposition 
recommendations can be developed.

The location of waste burial structures within 
the subject burial grounds and the gross composi
tion and material distribution within these struc
tures have not been accurately recorded. 
Preliminary geophysical test surveys have been 
conducted to dimensionally locate and map burial 
trenches, caissons, and related structures. Metal 
detector surveys and ground-penetrating radar 
surveys (Figures 46 and 47) are being conducted 
at a test facility. These will permit assessment 
of instrumentation usefulness, accuracy, and 
reliability. The informtion derived from these 
surveys will assist in defining drilling locations 
for retrieval of samples and assessment of poten
tial radionuclide migration.

A primary requirement for developing decon
tamination and decommissioning recommendations 
is an estimate of the distribution and type of 
materials that have migrated from burial struc
tures. This estimate will assist in evaluating the 
proximity and fate of contaminants within the 
groundwater pathway. In addition, an evaluation 
of the chemical interactions in the contaminant 
burial media is required to determine potential 
leachate migration. The distribution of rad
waste contaminants that have migrated or poten
tially may migrate through the unsaturated to 
the saturated groundwater zone is being deter
mined by core-drilling the burial grounds. 
Drilling and sediment core collection has pro
ceeded in areas directly adjacent to burial struc
tures to search for actual migration (Figure
48). Where applicable, slant core-drilling has 
been conducted; samples were collected from 
directly below each structure. The retrieved 
geologic samples have been initially screened for 
contamination by hand survey instruments. Initial 
core sample screening results from 28 drilled 
sampling wells within burial grounds were 
negative. Samples from each well have been 
submitted for gross alpha, gross beta, and

Figure 46. ''ransducer Vehicle with Ground 
Penetrating Ra' 1 ,r Unit and Telemetry System 

Used to Collect Data Concerning the Morphology 
and Contents of Waste Burial Structures

Figure 47. Data Processing Vehicle with 
Computer and I/O Devices Used to Process and 

Analyze Data Telimetered from the Geophysical 
Transducer Vehicle
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Figure 48. Core Drilling Aparatus Used for 
Taking Partially Disturbed Sediment Cores at 

Radioactively Contaminated Burial Trenches at 
the 300 North Burial Ground on the Hanford 

Project

spectral analysis of gamma-emitting isotopes. To 
date, no significant concentrations of 
radionuclides, i.e., concentrations above 
background levels, have been determined. Where 
significant concentrations of materials are found 
below a liquid waste disposal crib, concentrations 
of isotopes such as plutonium, strontium, and 
uranium are being determined by acid leaching 
and subsequent atypical counting. Leaching tests 
have been performed on contaminated samples. 
From this infonoation, an estimate of the 
breakthrough of radnnuclides into water pathways 
can be made.

Development of decontamination and decom
missioning recommendations concerning waste 
burial ground disposition will be directly influ
enced by the potential for radioactive constit
uents to be moved within the groundwater system 
and eventually to the biosphere. Water 
originating from meteoric sources, i.e., precipi
tation and/or snow, is the principal agent for 
transporting radionuclides. Characterization and

assessment of fluid migration are therefore being 
studied. To estimate the rate and magnitude of 
meteoric fluid entering or leaving the ground
water system, an assessment of the mass and 
energy balance that controls potential migration 
is required. In addition, the sensitivity of 
critical factors influencing the energy and mass 
balance is needed. These energy and mass 
balance factors have been determined by labora
tory characterization and field monitoring 
(Figures 49 and 50) of micrometeorologic and 
geohydrologic parameters. Data are continuaUy 
being collected from in situ field-monitoring sta
tions. In addition, data collected at a 
meteorologic weather station over a period 
exceeding 10 years have been assembled and used 
to evaluate water transport in and potentially 
through burial grounds.

Figure 49. Installation of In Situ Monitoring Test 
Site. Background Shows Lar ge Buried Caissons 

Used for Evaluating Fluid and Radionuclide Flux.
Foreground Shows Partial Installation of a 

Weighing Lysimeter Used to Evaluate Energy and 
Mass Balance Parameter Controlling Flux.

Simulation of fluid flux through burial ground 
geologic materials provides an assessment of the 
potential for liquid water migration. Assessment 
includes numerical computer evaluation of migra
tion of fluids through the partially saturated 
groundwater system. These simulations are being 
conducted using a one-dimensional computer code 
that utilizes micrometeorologic and geohydrologic 
data obtained from field-monitoring and labora-
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PLANS FOR NEXT PERIOD

Figure 50. Post Installation After Burial and 
Backfill of Items Shown in Figure 49. 
Neutron Monitoring Access Wells and 
Micrometeorological Instrume its are 

Shown

tory activities. The sensitivity of the model has 
beê j evaluated by varying input parameters to 
reflect measurement error and spatial and 
temporal variability. This study will produce a 
method that will, in part, permit assessment of 
critical factors influencing water transport 
through waste burial geologic media. This infor
mation can be used to assess long-term recom
mendations of burial ground disposition relative 
to the groundwater pathway.

Biological transport of contaminants from 
radioactive waste disposal structures requires 
investigation to the potential for exhumation of 
waste material. The type and quantity of poten
tially hazardous isotopes exhumed by deep-rooted 
plants .. j burrowing organisms have been deter
mined and quantified. In addition, the flora and 
fauna, which may potentially inhabit these burial 
sites in the long term through biologic succes
sion, have been investigated.

Structures or methods that will reduce the 
potential for waste exhumation and alternative 
barrier designs will be reviewed. Structures that 
will retard the succession of deep-rooted plants 
as well as simultaneously prevent an increase in 
infiltraton of meteoric water through the burial 
media in the geohydrologic system will be re
viewed.

This specific project concerning H. inford 300 
area burial sites will be completed :»nd a final 
report issued during the second charter of FY
1979.

REPORTS PUBLISHED

No reports have been published to date on 
this project; however, four major technology 
development documents irom modeling/soil 
physics, radiochemistry, biology, and geophysic 
tasks are scheduled for publication during the 
last quarter of FY 1979.

PROJECTED MILESTONES

• Second quarter of FY 1979 — Final re
port

•  Fourth quarter of FY 1979 -- Publish 
technical development documents

DOE NATIONAL DECONTAMINATION AND 
DECOMMISSIONING PLAN

ORGANIZATION AND CONTRACT NUMBER

Pacific Northwest Laboratory 
EY-76-C-06-1830

PRINCIPAL INVESTIGATORS

J.C. King 
J.W. Litchfield

OBJECTIVES

The objectives of the national disposition 
planning project are to develop a nationwide 
inventory of surplus DOE contaminated facilities 
and to establish initial priorities for disposition. 
The ultimate product will be a decommissioning 
program planning document, which will be uti
lized to develop 5-year decommissioning plans 
and associated budgets.

APPROACH

Pacific Northwest Laboratory (PNL) partici
pation in this multicontractor project includes 
three tasks: ( 1 ) developing a computerized infor
mation system for surplus radioactively contami
nated DOE nuclear facilities; (2) establishing a 
priority of these iacilities for decommissioning 
action; and (3) providing review and comment on
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the project as requested. Task 1 was accom
plished using a commercial data management 
package. Task 2 (ranking) was accomplished by 
identifying the major issues of concern to DOE 
relative to surplus contaminated facilities. This 
issue (potential off site hazard) was then assessed 
for each surplus facility, to provide a basis for a 
quantified ranking of facilities. Task 3 was 
accomplished as requested by the sponsor.

PROGRESS AND RESULTS

Questionnaires were designed in conjunction 
with Atomics International (Al) of Canoga Park, 
California, to obtain information on surplus con
taminated DOE facilities for use in the subse
quent ranking and planning effort. Questionnaires 
were issued and responses compiled by Al. A 
data management system was established ar.d 
data supplied by Al were loaded into the sys
tem. Administrative, geographic, structural, and 
radiologic information for 430 surplus DOE 
nuclear facilities is currently available on the 
system.

Potential off site hazard was identified as the 
single most important sponsor concern regarding 
surplus DOE nuclear facilities. A system was 
devised to estimate potential offsite population 
dose from unit releases of common radio
isotopes. These "dose conversion factors" were 
site specific, based on the population distribution 
surrounding 16 sites of surplus facilities. A rela
tive estimate of potential offsite hazard was 
then made by multiplying facility radioisotopic 
inventories by the appropriate dose conversion 
factors. The resulting hypothetical population 
dose was then added across all isotopes for each 
facility to provide an estimate of potential off
site hazard for each facility. The normalized
sums provide a ranking of facilities by potential 
offsite hazard.

PNL persornel participated in numerous proj
ect review sessions through May, 1978. In June,
the staffing of this project was preempted by the
Commercial Waste Management project, 
postponing further activities until FY 1979.

PLANS FOR NEXT PERIOD

It is proposed to refine the ranking system by 
incorporating a measure of facility containment 
capability into the assessment of potential offsite 
hazard. Consideration of ranking criteria in 
addition to potential offsite hazard will follow. 
The data management system will be updated as 
additional information bccomes available.

Division of Environmental Control Technology, 
"National Plan for Decommissioning of DOE 
Owned Surplus Facilities," Draft, HCP/P0701-01 
UC-70, Department of Energy, Washington,
D.C., May 1978.

PROJECTED MILESTONES

None

REPORTS PUBLISHED

PRELIMINARY ENVIRONMENTAL 
IMPLICATIONS OF ALTERNATIVES FOR 

DECOMMISSIONING AND FUTURE USE OF 
THE WESTERN NEW YORK NUCLEAR 

SERVICES CENTER

ORGANIZATION AND CONTRACT NUMBER

Battelle Columbus Laboratories
W-7405-ENG-92

PRINCIPAL INVESTIGATORS

F.A. O'Hara
A.A. Lawrence
B.S. Ausmus

OBJECTIVE

The objective of the study is to prepare and 
submit to DOE an independent assessment of  the 
environmental implications of the alternatives 
considered in the Western New York Nuclear 
Services Center (WNYNSC) study prepared by 
Argonne National Laboratory (ANL) as defined 
earlier. Among the major components to be in
cluded in the Battelle Columbus Laboratories 
(BCL) study are (1) an overview of the ANL 
study of the Niagara Falls site decommissioning 
operations, (2 ) an independent environmental 
assessment of the alternatives and future use 
options considered for the WNYNSC site, and (3) 
a discussion of the rationale and approach used 
in estimating these preliminary environmental im
plications and the need for further assessment.

APPROACH

The objectives will be accomplished by a 
thorough evaluation of available literature and 
reports on the operations at the West Valley 
site, previous studies associated with the site, 
and several site visits. Public input will be 
achieved through attendance at several public
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meetings and hearings on the alternative study; 
by participation of study members, as observers, 
in the West Valley Tank Decontamination and 
Decommissioning Task Group; and through discus
sions with Federal, State, and local officials, 
elected representatives, and local citizenry. 
Radiation dose and pathway analysis models will 
be used to provide an estimate of risks.

PROGRESS AND RESULTS

The d-aft preliminary Environmental Implica
tions Report, BMI-X698, has been prepared and 
submitted to the Environmental Control Tech
nology Division (ECT). This report presents an 
analysis, of preliminary environmental implica
tions of several alternatives for decommissioning 
the WNYNSC and discusses possible future uses 
of the site. To some ;xtent, it parallels and 
augments a study being performed by ANL direc
ted at the same question. Although use was 
made of information developed by the ANL pro
gram whenever it was appropriate, the conclu
sions and recommendations reported here were 
arrived at independently.

This study describes in considerable detail the 
WNYNSC site, the several facilities at the site, 
and the pertinent features of the surrounding 
area. The geography, hydrology, geology, soils, 
seismology, meteorology, ecology, agriculture, 
and population of the area and site are pre
sented. The physical characteristics and present 
status of the nuclear fuel reprocessing facility, 
the high-level liquid wastes and tanks, and the 
waste burial areas are described with emphasis 
on features important to the safety of the site 
in the present and near-term, on features affec
ting the safety or expense of decontamination 
and decommissioning, and on features important 
to future uses of the site. The current environ
mental trends at the WNYNSC are reviewed, in
cluding a description of the continuing program 
of site monitoring.

Five decommissioning alternatives — layaway, 
protective storage, dismantlement, deferred dis
mantlement, and entombment — and several 
possible future uses for the reprocessing plant 
are described and discussed. Six alternative 
plans for management of the high-level liquid 
wastes (HLLW) and three alternatives for 
disposing of the HLLW tanks are presented as 
being technically feasible, but differing in effort 
required and risk to the public remaining after 
disposal. Several options are described for 
decommissioning or continued use of the two 
waste burial areas. These range from complete 
exhumation, repackaging, and removal of the

wastes to another site, to reopening for commer
cial waste disposal.

Preliminary estimates of the environmental 
implications of current conditions at WNYNSC
and of each of the alternatives for decommis
sioning each facility were made on the basis of 
data gathered from previous studies by Pacific 
Northwest Laboratory, the United States
Geological Survey, the State of New York,
Nuclear Fuel Services, and the current study at 
ANL and its subcontractors. Also, information 
obtained through attendance at public meetings, 
meetings of the West Valley Tank Decontamina
tion and Decommissioning Task Group, meetings 
with New York State officials, and several
meetings with WNYNSC staff has been used. 
Occupational exposures and risks to the general 
public have been calculated for each alternative 
and for the current conditions. Accidents during 
decommissioning activities and unusual events 
that could affect the integrity of the decommis
sioned site are postulated, but detailed risk 
assessments of these occur, onces have not been 
made.

It is concluded that all of the decommis
sioning alternatives referred to above are techni
cally feasible, with no major development of 
decontamination or disposal techniques required. 
However, considerable additional study is needed 
to know exactly what wastes are to be dealt 
with; what technqiues should be chosen for each 
alternative; what accidents, and their conse
quences, need to be guarded against; and what 
the costs of each alternative are likely to be in 
terms of occupational exposures, general popula
tion exposures, and economic and natural 
resources.

This study has concluded that all decommis
sioning alternatives (except extended care) in
volve significant occupational and minimal local 
population exposure as a result of the decommis
sioning, significant total exposure of the public 
during transportation (although the exposure of 
any one individual would be kept negligible), and 
Significant accident risk. Most alternatives in
volve relocation of wastes to another site which 
may be considered desirable but would not elimi
nate the wastes from the biosphere. Finally, 
because of the occupational exposure le vels esti- 
maved for some of the alternatives, they may 
pose greater hazards than current conditions. 
This, of course, involves balancing significant 
near-term occupational risks against low- 
probability, long-term risks to the general 
public. Such a judgment can, at best, be made 
only on the basis of detailed assessments includ
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ing the risk analyses that would be performed for 
complete environmental impact assessments of 
the selected decommissioning alternative and 
future jse of the site.

PLAN", FOR NEXT PERIOD

Plans for next period are as follows:

•  Attend public hearings in West Valley 
and Buffalo, New York;

•  Revise draft report on the basis of 
comments received from reviewers prior 
to sii>mission to ECT;

•  Publish and submit report to DOE for 
transmittal to Congress; and

•  toswer ' ublic comments as required. 

REPORTS PUBLISHED

"Preliminary Environmental Implications of 
Alternatives for Decommissioning and Future Use 
of the Western New York Nuclear Services
Center," Draft, BMI-X676, Battelle Columbus 
Laboratories.

PROJECTED MILESTONES

•  February 23, 1979 — Submission of
final revision of the preliminary 
environmental implications of alterna
tives for decommissioning and future 
use

SUPERVISION AND DECONTAMINATION OF 
NIAGARA FALLS SITE

ORGANIZATION AND CONTRACT NUMBER

National Lead Company of Ohio 
EY-76-C- 05-1156

PRINCIPAL INVESTIGATOR

A.F. Pennak

OBJECTIVE

The objective of this project is to maintain 
the DOE-Niagara Falls site in a safe condition 
and to eventually decontaminate and decommis
sion it for return to unrestricted use.

This 191-acre DOE site is used as a radio
active waste storage area. No radioactive 
wastes were or are generated on the site. The 
wastes were shipped there from several produc
tion locations between 1944 and 1953. National 
Lead Company of Ohio currently provides super
vision and caretaking activities on the site. For 
the near term, measures are being undertaken to 
minimize radon emanations and surface water 
runoff.

Long-term plans call for the non-DOE-owned 
residues to be removed by a private contractor 
prior to FY 1983. After this is completed, the 
DOE-owned residues will be removed, buildings 
demolished, and the site decontaminated and 
decommissioned.

PROGRESS AND RESULTS

A study of methods for reduction of radon 
exhalation was completed.

PLANS FOR NEXT PERIOD

Surveillance of the site will be continued in 
FY 1979. Ambient radon levels will be reduced 
by sealing residue surfaces. Preparation of a 
site decommissioning plan will be started.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

APPROACH

PROJECTED MILESTONES FY 1978FY 1979FY 1900FY 1961 FY 1982
SITE CONTROL AND SUPERVISION
REDUCTION OF AMBIENT RADON LEVELS

SUBCONTRACT AWARDED
DEVELOPMENT OP DECOMMISSIONING PLAN

COMPLETION OF DECOMMISSIONING PLAN
COMPLETION OF AGENCY REVIEW AND PUBLIC INPUT

PREPARATION OF EIA
PREPARATION OF DECONTAMINATION PLANS ANO SPECIFICATIONS

4.
4□

m2
□

□
*__

A BEGIN MILESTONE VEND MILESTONE □ ENO KEY TASK
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PRODUCTION REACTOR DECOMMISSIONING 
STUDY

ORGANIZATION AND CONTRACT NUMBER

United Nuclear Industries, Inc. 
EY-76-C-06-1857

PRINCIPAL INVESTIGATORS

R.K. Wahlen
E.A. Wegener 
J.F. Nemec

OBJECTIVE

The objective of the production reactor 
decommissioning study is to provide the planning 
required to implement a demonstration program, 
beginning in FY 1981, to decommission the 
100-F production reactor site. The systematic 
project planning and execution utilized for this 
program may in turn be applied to the planning 
for other DOE-sponsored decommissioning pro
grams.

APPROACH

A project planning approach will be applied to 
the decommissioning of the 100-F production 
reactor and similar development efforts will be 
made for other 100-F site facilities, commen
surate with the problems expected to be encoun
tered during their disposition. The project will 
be conducted in phases:

•  Prepare radiological and physical des
criptions of the site and facilities.

•  Develop a dismantling plan identifying 
and defining the major tasks, identi
fying proposed techniques, developing 
detailed procedures, and identifying 
tooling or process development require
ments.

•  Decontaminate and remove facilities,
install biological shields over ground 
disposal areas, and document end prod
uct.

PROGRESS AND RESULTS

The radiological and physical description of 
the site has been completed. Three (of six)
activity descriptions covering site preparation, 
decontamination and demolition of the reactor 
building, and removal of the reactor block are

nearing completion, along with site cleanup of 
uncontaminated facilities. In addition, a draft 
environmental assessment has been prepared for 
internal DOE review.

PLANS FOR NEXT PERIOD

Activities for FY 1979 include completion of 
three activity descriptions covering decontrmina- 
tion and removal of support facilities, sta iiza- 
tion of ground disposal areas, and project dose- 
out activities. Preparation of detailed working 
procedures and tooling/equipment design will be 
initiated, with completion milestones of 50 per
cent and 30 percent respectively.

REPORTS PUBLISHED

• "Production Reactor Decommissioning 
Study for 100-F Site and Facilities 
Description," UNI-1001, United Nuclear 
Industries, Inc., March 13, 1978.

•  "Production Reactor Decommissioning 
Study 100-F Disposition Plan and Activ
ities Definition," UNI-1002, United 
Nuclear Industries, Inc., April 28, 
1978.

•  "Radiological Characterization of the 
Retired 100 Areas," UNI-946, United 
Nuclear Industries, Inc., May 26, 1978.

PROJECTED MILESTONES

• During FY 1980 — Completion of de
tailed planning

• FY 1981 — Completion of tooling/
equipment procurement

•  First Quarter FY 1981 -- Initiation of 
site work

•  FY 1984 — Removal of reactor build
ing and project closeout

NATIONAL DOE DECONTAMINATION AND 
DECOMMISSIONING PLANNING PROGRAM

ORGANIZATION AND CONTRACT NUMBER

Atomics International 
EY-76-C-03-0701

PRINCIPAL INVESTIGATOR

A.M. Stelle
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The Plan for Decommissioning of Department 
ol Energy Radioactively Contaminated Surplus 
Facilities will provide the technical and financial 
data needed to anticipate annual budget demands 
and initiate planning activities for the future. 
Archives for the data will contain the significant 
support information.

APPROACH

The plan and supporting information for sur
plus radioactively contaminated facilities will be 
updated annually. All information on the condi
tion and characterisitcs of the facilities will be 
collected by United Nuclear Industries, Inc. (see 
next project) and kept in an archive. The infor
mation will be processed to develop a priority 
preference and estimated cost for the proposed 
decommissioning. The results, along with the 
data and assumptions used to develop the plan, 
will be published each year for the Department 
of Energy to use in developing annual budget re
quests and implementing plans.

PROGRESS AND RESULTS

The Preliminary Plan for Decommissioning of 
Department of Energy Radioactively Contamina
ted Surplus Facilities was issued twice in draft 
form. The first draft was reviewed; comments 
received were incorporated into the second 
draft. The second draft used site-specific infor
mation based on the local problems and issues 
present at each site to establish decommissioning 
priority. This established a decommissioning 
schedule for which budgets could be planned.

Several special related reports were also 
completed to provide background information for 
DOE departmental briefings.

PLANS FOR NEXT PERIOD

The second draft of the plan will be comple
ted. Data gathering on surplus contaminated 
facilities will be completed and an updated plan 
submitted to DOE for review.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

• April 1979 — Preparation of a 5-year 
version of the plan

OBJECTIVE •  April 1979 — Completion of data
gathering on DOE surplus contaminated 
facilities

• August 1979 -- Updated plan for DOE 
review

NATIONAL DOE DECONTAMINATION AND 
DECOMMISSIONING PLANNING SYSTEM

ORGANIZATION AND CONTRACT NUMBER

United Nuclear Industries, Inc.
EY-76-C.-06-1857

PRINCIPAL INVESTIGATORS

J.F. Nemec
J.W. Jones

OBJECTIVE

The objective of the national Decontamination 
and Decommissioning (D&D) Planning System is 
to develop and implement a system to generate 
priorities and a program plan (see previous proj
ect) for the Department of Energy's (DOE) de
contamination and decommissioning program. The 
system output will be a 2 0-year national program 
plan, which identifies projects, priorities, alter
nate decommissioning strategies, schedules, 
costs, work force requirements, and waste quan
tities. The program plan will assist DOE in pre
paring annual budget requests for DOE facilities.

APPROACH

During FY 1978, a confirmed listing of 
characterizational information on surplus DOE 
facilities will be developed and the facilities will 
be initially ranked based on their potential off
site hazard. Future priorities will be based on 
several criteria, including onsite hazard, cor.mat- 
ibility with future site use, and cost of con
tinued maintenance and surveillance. Characteri
zational data for the highest priority facilities 
will be prepared. These data will include identi
fication of decommissioning tasks; schedules; 
costs; waste quantities; and work force, transpor
tation, and research and development require
ments.

The program as described abc/e is a 
cooperative effort of Atomics International, 
Pacific Northwest Laboratory (PNL), and United 
Nuclear Industries, Inc. (UNI). Each has been
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assigned responsibilities on the basis of their 
particular expertise. UNI is responsible for 
developing the following information for designa
ted facilities:

• Identification of the tasks required to 
place a designated facility in a given 
decommissioning mode;

• Development of an overall project 
schedule for each designated facility;

•  Identification of the resources required 
to implement designated projects inclu
ding work force, equipment, special 
tooling, and estimated cost; and

• Estimates of waste quantities to be 
generated for designated projects.

UNI will also assist Atomics International and 
PNL, as necessary, in development and refine
ment of the total planning system.

PROGRESS AND RESULTS

• A listing of all facilities retired prior 
to October 1976 has been generated.

• The facility listing has been grouped in
to projects and a priority listing of 
projects has been developed.

• Characterizational information for the 
high priority projects has been pre
pared.

• Preparation of input to a preliminary 
5-year national D&D program plan has 
been completed.

REPORTS PUBLISHED

• "Preliminary Plan for the Decommis
sioning of Department of Energy Radio- 
actively Contaminated Surplus Facili
ties," HCP/PO 701-01, September
1978.

PLANS FOR NEXT PERIOD

During FY 1979, refinements and updating of 
the planning system will be accomplished. The 
facilities list will be updated and ranked, based 
on several criteria. Characterizational data for 
additional projects will be developed. The 5-year 
program plan will be updated.

•  April 1979 — 5-year version of
national D&D program plan prepared

t  September 1979 -- National D&D pro
gram plan updated

PROJECTED MILESTONES

PLUTONIUM GLOVEBOX DISPOSAL

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory
W-31- 109-ENG-38

PRINCIPAL INVESTIGATORS

W.H. Kline
P.E. Neal
S.A. Mann

OBJECTIVE

The primary objective of this project is the 
decontamination and decommissioning (D&D) of 
Argonne National Laboratory's surplus Plutonium 
Fabrication Facility (PFF) to make the area 
available for further nuclear work by the New 
Brunswick Laboratory. The project includes dis
mantling the gloveboxes (those at the PFF and 
those previously removed and held in storage), 
ventilation ductwork, utility systems, and 
associated internal and external equipment, in
cluding some size reduction to fit acceptable 
packaging for storage at a DOE transuranic 
(TRU) waste retrievable storage site, and decon
tamination of the facility to acceptable levels.

APPROACH

Work will be performed at Building 350. 
Prior to size reduction, attempts will be made, 
using simple cleaning techniques, to decontami
nate the gloveboxes, their contents, and other 
system components to less than TRU levels. 
Wastes small enough will be bagged out arid all 
interior surfaces coated with latex paint. Size 
reduction, conducted in a specially constructed 
plastic tent, will be accomplished by disassembly 
and mechanical cutting. Dismantlement and 
decontamination of remaining systems and struc
tures will then be performed.
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• identification of the need for some of 
the subject glovebox system components 
at the Fuels Technology Center (FTC); 
preparation, relocation, and installment 
of those at the FTC, including building 
modifications.

• Preparation of a DdrR plan including 
cost estimates.

• Development of techniques for subject 
work, including procedures preparation 
for safety review.

• Development of a quantitati /e method 
employing a direct reading instrument 
to distinguish TRU from non-TRU 
waste.

• Initiation of materials and supplies pro
curement needed for glovebox size re
duction.

• Initiation of packaging and disposal of 
/Jovebox PF-7.

PLANS FOR NEXT PERIOD

Successive disposal of individual glovebox lines 
by decontaminating and then size reduction will 
proceed. It is anticipated that 4-1/2 complete 
gloveboxes will be cleaned and their size re
duced; they will be packaged, and shipped offsite 
by the end of FY 1979.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

• Completion of removal and disposal of 
the subject gloveboxes in Building 350 
and those in controlled storage

• Removal of exhaust and utility systems

•  Decontamination of the facility to 
appropriate levels for intended reuse

PROGRESS AND RESULTS DISPOSITION OF EXCESS CONTAMINATED 
LOS ALAMOS SCIENTIFIC LABORATORY 

FACILITIES

ORGANIZATION AND CONTRACT NUMBER

Los Alamos Scientific Laboratory
W-7405-ENG-36

PRINCIPAL INVESTIGATORS

A.M. Vallentine
R. Garde

OBJECTIVES

The objectives ol this project are to decon
taminate or decommission several excess con- 
timinated facilities at Los Alamos Scientific 
Laboratory (LASL). Each facility is contami
nated by different types of radionuclides and 
each will present varied and technically chal
lenging problems.

APPROACH

Attention was first focused on an abandoned 
Pu-239-contaminated incinerator facility 
(TA-42), and a Ac-227-contaminated filter 
building (TA-21-153). Preliminary radiation 
surveys were performed to identify contaminated 
areas within the facility, equipment, and sur
rounding soil. After the contaminated equipment 
items were removed, conventional demolition 
techniques were used on the remaining building 
structures. Contaminated debris and soil were 
loaded into plastic-lined, tarpaulin-covered dump 
trucks for transport to LASL's radioactive waste 
burial site.

PROGRESS AND RESULTS

The incinerator facility was completed in June
1978, and 600 m^ of building debris and equip
ment and 1200 m^ of soil were disposed of as 
nonretrievable waste. Sludges from the ash 
holding tanks, containing up to 1000 nCi of 
Pu-239 per gram of soil, were packaged in 
Department of Transportation (DOT) 17C drums 
for 20-yr storage at LASL. The volume of this
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waste was 4.5 m .̂ The incinerator and the 
sludge packaging operation are shown in Figures 
51 and 52, respectively.

Figure 51. Incinerator Facility, TA-42

Figure 52. Sludge Removal From Holding Tanks 
at TA-42

The filter building project was not completed; 
however, the only thing remaining is the 
contaminated soil. Approximately 2300 m^ of 
building debris were disposed of in 
decommissioning the facility. The filter building 
and associated ductwork are shown in Figures 53 
and 54.

Figure 53. TA-21-153 Filter Building 

PLANS FOR NEXT PERIOD

The contaminated soil from the site of the 
filter building will be removed to release the site 
for unrestricted use. Final reports will be pre
pared for both projects.

Plans and procedures will be developed for 
the disposition of TA-35-TSL-2A-12, a tritium- 
contaminated experimental facility. Disposition 
work will be completed and a final report will be 
prepared in FY 1979.

REPORTS PUBLISHED

3. Harper and R. Garde, "The Decom
missioning of a 239pu Contaminated Incinerator 
Facility," IAEA Symposium on the Decom
missioning of Nuclear Facilities, Vienna, Austria, 
November 1978.

PROJECTED MILESTONES

• January 1979 — Completion of TA-21- 
153 filter building project
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APPROACH

Figure 54. Metal Ductwork Associated with 
TA-2I-153 Filter Building

•  October 1979 — Completion of TA- 
35-TSL-2A-12 tritium facility project

DECONTAMINATION AND DECOMMISSIONING 
OF THE NEW BRUNSWICK LABORATORY

ORGANIZATION AND CONTRACT NUMBER

Chicago Operations Office and 
Teledyne Isotopes, Inc.
EY-78-C-02-4599

PRINCIPAL INVESTIGATORS

T. Balamut 
S.A. Mann

OBJECTIVE

The objective of this project is to decon
taminate and decommission this former Atomic 
Energy Commission - Energy Research and 
Development Administration laboratory facility so 
that the property may be released for unre
stricted use.

The project is divided into several phases:
• Removal of all aboveground contam

ination;

•  Removal ol below-ground contaminated 
waste system and demolition of all 
structures; and

• Removal of pitchblende-contaminated 
fill buried onsite.

Work consists of removal of laboratory 
equipment, exhaust ventilation duct and filter 
systems, liquid waste drain system, floor tiles, 
concrete floors, concrete block walls, and plas
ter ceilings. Waste is packaged and prepared for 
shipment onsite and shipped to a licensed radio
active waste burial facility.

PROGRESS AND RESULTS

A contract has been issued to remove all 
aboveground contamination. Work is in the final 
stages; completion is scheduled for early FY
1979.

PLANS FOR NEXT PERIOD

FY 1979 work will consist of a contract to 
remove contaminated underground sewer lines 
onsite and surrounding soil as necessary. Follow
ing completion of this work, all structures will 
be demolished and rubble sent to a local land
fill. FY 1980 work will involve excavating and 
removing from the site pitchblende-contaminated 
soil that was shipped from the Middlesex, New
Jersey, Sampling Plant in the early 1960s and
used to fill an abandoned railroad spur on the
site.

REPORTS PUBLISHED 

None

PROJECTED MILESTONES

• November 1978 — Completion of
aboveground decontamination

• October 1979 — Completion of below- 
ground decontamination and demolition 
of structures

•  October 1981 — Completion of removal 
of contaminated soil onsite and release
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of site to General Services Administra
tion for inrestricted use

DISPOSITION OF SURPLUS IDAHO NATIONAL 
ENGINEERING LABORATORY FACILITIES

ORGANIZATION AND CONTRACT NUMBER

EG&C. Idaho, Inc.
EY-76-C-07-I570

PRINCIPAL INVESTIGATORS

R.H. Meservey
T.L. Rasmussen

OBJECTIVES

Under this project, two tasks are oeing 
accomplished, as follows:

•  Task A. Decontamination and Decom
missioning (D&D) of the Organic Mod
erated Reactor Experiment (OMRE) — 
The objective of this task is to dis
mantle and remove the OMRE reactor 
facility in its entirety. The reactor, 
al! associated systems, buildings, road
ways, parking lot, power poles, and 
contaminated soil will be removed. 
The area will be restored to its natural 
state by grading and seeding with a 
native grass.

• Task B. Hallam Component Sodium 
Removal -- The Hallam Nuclear 
Power Facility at Hallam, Nebraska, 
was dismantled between 1964 and 
1968. At that time, several major 
components (heat exchangers, primary 
pumps, evaporators, air eliminators, 
and superheaters) were shipped to the 
Idaho National Engineering Laboratory 
(INEL) for storage. Until October
1977, the components were maintained 
under a nitrogen purge to protect and 
stabilize the contaminated sodium they 
contain.

The objectives of the Hallam component 
sodium removal task are to design and build a 
system to react the sodium in the components, 
and then to remove the resulting caustic solu
tion. The caustic solution is to be neutralized 
and disposed of and, if possible, the components 
decontaminated ^nd added to the surplus mate
rials list.

The approach to Task A is to completely 
dismantle and dispose of the entire facility. 
Contaminated items and materials will be placed 
in plywood boxes and transferred to the Radio
active Waste Management Complex (RWMC). 
Noncontaminated items will be placed on surplus 
materials lists if they have salvage value or 
transported to a sanitary landfill if they have no 
salvage value.

The sodium processing system for Task B was 
designed to utilize the wet nitrogen process; that 
is , the components were purged with gaseous 
nitrogen to eliminate any oxygen in the system. 
Steam was then introduced into the nitrogen 
purge, thus permitting the sodium-wster reaction 
to take place. Pressures, temperatures, and 
hydrogen and oxygen contents in the exhaust gas 
stream were monitored throughout the processing 
operation. Reaction rate was controlled by regu
lating the steam flow rate.

PROGRESS AND RESULTS

A decommissioning plan and safety evaluation 
were written for Task A in preparation for start
ing the dismantling work. All contaminated and 
noncontaminated reactor support systems and 
components have been removed. All underground 
tanks and structures have been excavated and 
removed. The electrical and instrumentation 
systems have been removed and the leactor 
control room dismantled.

The main reactor building and other smaller 
support structures were dismantled and removed 
from the site. Following removal of the build
ings, all concrete pads and structures were 
demolished. The noncontaminated concrete was 
used as fill material for some of the larger 
excavations on the site.

Noncontaminated material was evaluated to 
assess its salvage value. That which had some 
salvage value either as scrap metal or as a 
reusable item was taken to a storage area for 
later distribution. Noncontaminated material 
having no salvage value was hauled to a sanitary 
landfill on INEL.

Contaminated material was cut into pieces 
small enough to be placed in 4 by 4 by 8 ft ply
wood boxes and taken to RWMC for disposal. A 
total of 84 of these (128 ft^) boxes have been 
filled thus far in the OMRE dismantling opera
tion.

APPROACH
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Disassembly of reactor piping systems required 
nonflame (mechanical) cutting techniques because 
they still contained the flammable organic cool
ant (Santowax R). The piping was also insulated 
with asbestos; thus, all disassembly and handling 
required certain precautions.

At the present time, only the reactor vessel 
and a contaminated settling pond remain to be 
removed.

For Task B, all of the Hallam components 
were processed during FY 1978. Individual com
ponents were processed with nitrogen and steam 
until the hydrogen concentration in the exhaust 
stream had decreased to a value of less than 4 
percent. At that time, the nitrogen/steam flow 
was stopped and the component was filled with 
water. The water-filling operation was approach
ed cautiously with only small amounts (approxi
mately 10 gal) added at a time during the initial 
steps. Hydrogen/pressure/temperature data dic
tated the rate at which increments of water 
were added to the vessel. If, after several 
incremental additions of water, no further evi- 
< »nce of a sodium-water reaction could be 
detected, the component was slowly filled with 
water. As a general rule, the components were
allowed to stand full of water for several days
before an attempt was made to neutralize and 
drain the caustic solution. Following the water 
fill operation, the caustic solution was neutral
ized, drained, and disposed of at a disposal 
area. All components have been processed, neu
tralized, and drained.

PLANS FOR NEXT PERIOD

The removal of the reactor vessel in Task A 
will be completed, and the settling pond area 
will be quantified and the contaminated soil 
removed. The area will be restored by grading 
and planting with crested wheat grass. A final 
report will be published covering the entire 
OMRE D&D project. /

At the present time, all processing work in
Task B is complete. During the next period, the 
components will be disassembled and inspected 
and a final report written on the project.

REPORTS PUBLISHED

"Decontamination and Decommissioning (D&D) 
Plan for the Hallam Project," WMP-77-18, 
Revision 1, EG&G, Idaho, Inc., December 1977.

"Decontamination and Decommissioning (D&D) 
Plan for the Organic Moderated Reactor Experi

ment (OMRE)," WMP-77-17, Revision 1, EG&G, 
Idaho, Inc., December 1977.

"Safety Evaluation for Decontamination and 
Decommissioning of the Organic Moderated 
Reactor Experiment," PR-W-78-010, EG&G, 
Idaho, Inc., April 1978.

"Safety Evalaution Report for the Decon
tamination and Decommissioning of the Hallam 
Rear .or Components," PR-W-78-013, EG&G, 
Idalo, Inc., May 1978.

PROJECTED MILESTONES

Task A

• November 1, 1978 -- Completion of
reactor vessel removal

• July 1, 1979 -- Completion of site
restoration

• September 1, 1979 -- Publication of
final report

Task B

• December 1, 1978 -- Disassembly of
vessels

• January 1, 1979 — Completion of
inspection

• April 1, 1979 -- Publication of final
report

GNOME SITE DECONTAMINATION AND 
DECOMMISSIONING

ORGANIZATION AND CONTRACT NUMBER

Reynolds Electric and Engineering Company,
Inc.
EY-76-C-08-0(H0 

PRINCIPAL INVESTIGATOR

J.B. Cotter 

OBJECTIVE

The objective of this project is to clean the 
Gnome site in accordance with the proposed cri
teria and return the land to the Bureau of Land 
Management (BLM), with no restriction on sur
face use by the general public.
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During Phase I, aerial and ground radiological 
surveys were conducted; approval of radiological 
cleanup criteria was obtained; and an operational 
plan for decontamination and decommissioning 
activities, based on survey results, was devel
oped.

During Phase II, two existing wells (one from 
the the Coach drift and one in the Gnome cav
ity) are to be cleaned out; USGS-1 will be reha
bilitated as a water supply well, and pump and 
piping installed; and other preparations will be 
made to inject the muck pile into the Gnome 
cavity.

During Phase III, the muck pile will be 
crushed, slurried, and pumped into the Gnome 
cavity and other site restoration will be per
formed as required. The land will be returned to 
the custody of BLM.

PROGRESS ANL RESULTS

Phase I has been completed and the Phase I 
radiological report has been received. It was 
concluded by pathway analysis that the exposure 
to the public would be negligible.

PLANS FOR NEXT PERIOD

Phase II will be completed and Phase III 
initiated and continued as funds permit. Esti
mates of time and costs are being prepared by 
Fenix & Scisson, Inc., and Reynolds Electric and 
Engineering Company, Inc. The estimates are 
due February 1, 1979. The smarting date will be 
based on these estimates, and the cost effects 
of mobilization and demobilization at the site, 
which could occur as a result of funding discon
tinuity, will be considered. If additional funds 
are required, the work will be scheduled so that 
it will continue into FY 1980.

REPORTS PUBLISHED

"Gnome Site Decontamination and Decom
missioning - Phase I Radiological Survey and 
Operations Report, Carlsbad, N.M.," NVO/0410- 
48, December 1978.

PROJECTED MILESTONES

• December 1978 -- Completion of Phase 
I

• August 1979 -- Completion of Phase II

APPROACH • November 1979 — Completion of Phase 
III

• February 1980 -- Return of Section 34 
to BLM

NUCLEAR ROCKET DEVELOPMENT STATION 
FUEL AND FACILITY CLEANUP

ORGANIZATION AND CONTRACT NUMBER

V'estinghouse Electric Corporation 
AT(26- l)-597

PRINCIPAL INVESTIGATOR

O. Durrill

OBJECTIVES

The objectives of this program are to com
plete the disassembly of the Tory II-C nuclear 
rocket engine; process, package, assay, and 
store nuclear fuel for shipment to Idaho National 
Engineering Laboratory (INEL); and operate and 
maintain the Engine Maintenance Assembly and 
Disassembly (E-MAD) facility and associated 
remote handling equipment as well as the rail
road transport system.

APPROACH

The radioactive reactor was remotely disas
sembled using the E-MAD facility at Area 25 of 
the Nevada Test Site. The fuel rods were placed 
in approximately 650 aluminum cans, assayed for 
uranium content, and shipped to INEL for re
processing. A final report will be initiated.

PROGRESS AND RESULTS

The final fuel shipment was completed 
November 30, 1977, and the E-MAD facility was 
then transferred to the program for storage of 
spent unreprocessed fuel.

PLANS FOR NEXT PERIOD

The final report for the project will be 
issued.

REPORTS PUBLISHED

"Safety Analysis Report for Tory II-C Fuel 
Recovery," NVO-164, Westinghouse Electric 
Corporation, September 1975.
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PROJECTED MILESTONES REPORTS PUBLISHED

None

NUCLEAR ROCKET DEVELOPMENT STATION 
AREA 25 RADIOLOGICAL SURVEY AND 

CLEANUP

ORGANIZATION AND CONTRACT NUMBER

Reynolds Electrical and Engineering 
Company, Inc.
EY-C-08-0410

PRINCIPAL INVESTIGATOR

E.R. Sorom

OBJECTIVES

The objectives of this project are to perform 
comprehensive radiological surveys of Nuclear 
Rocket Development Station (NRDS) Area 25 
equipment, facilities, and land areas; delineate 
radioactivity; and effect a major cleanup of 
selected land areas and facilities.

APPROACH

Extensive radiological surveys on and in 
equipment, facilities, and land areas in NRDS 
Area 25 will be conducted. Monitoring services 
and cleanup, by removing contaminated materials 
to established Nevada Test Site (NTS) radio
active waste management sites, will be provided.

PROGRESS AND RESULTS

During FY 1978, radiological surveys and 
documentation of radiation levels were per
formed. Radioactive waste was subsequently 
removed from various facilities in Area 25, i.e., 
the radioactive materials storage facility, 
Reactor Maintenance Assembly and Disassembly 
(R-MAD), Test Cells A and C, and other minor 
facilities.

PLANS FOR NEXT PERIOD

The R-MAD building will be decontaminated 
and surveys performed to document radiation 
levels in soil at various locations in Area 25. 
Contaminated soil will be removed to an estab
lished NTS radioactive waste management site.

Nine progress reports and one status report 
were issued.

PROJECTED MILESTONES

• Fourth quarter of FY 1979 -- Comple
tion of R-MAD building decontamina
tion

•  End of FY 1979 -- Completion of con
taminated soil survey and removal

•  First quarter of FY 1979 -- Removal 
of the two exhaust nozzles from the 
vicinity of ETS-1 to an established NTS 
radioactive waste management site; 
compilation of a final report

DECONTAMINATION OF CENTER FOR 
ENERGY AND ENVIRONMENT RESEARCH 

MAYAGUEZ FACILITIES

ORGANIZATION AND CONTRACT NUMBER

University of Puerto Rico
Center for Energy and Environment Research
EY-76-C-05-1833

PRINCIPAL INVESTIGATOR

H. Barcelo

OBJECTIVES

Except for the facilities being retained by the 
University under Nuclear Regulatory Commission 
(NRC) licenses (Natural Uranium Graphite Mod
erated Subcritical Pile and GO-CO Gamma 
Source), the Center for Energy and Environ
mental Research (CEER) Mayaguez facilities are 
to be decontaminated to unrestricted use levels.

APPROACH

Based on a comprehensive radiological survey 
and an approved decontamination plan, an engi
neering assessment of the decontamination re
quirements for the CEER Training Research and 
Isotope Production and L-77 training reactors, 
and other research and support facilities at the 
CEER Mayaguez site, will be performed. The 
engineering assessment will define the current
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radiological status ol the facilities, provide a 
logical cost-effective sequence of work tasks 
with full application of the ALARA (as low as 
reasonably achievable) principle, and provide an 
engineering cost estimate for the decontamination 
work.

Using the engineering assessment and the 
decontamination plan as a guide, a contractor 
will decontaminate the Mayaguez facilities to 
unrestricted use levels in conformity with DOE- 
approved criteria. All radioactive wastes and 
debris will be shipped to the continental United 
States for commercial disposal. CEER will 
undertake limited decontamination work, but not 
to involve structural integrity of the facilities or 
associated radiological control systems. Included 
in the CEER effort will be shipment of currently 
accumulated radioactive wastes and debris to the 
United Sates for commercial disposal, plus ship
ment of L-77 fuel and excess neutron sources to 
a DOE-designated site for storage.

PROGRESS AND RESULTS

The decontamination plan (final draft) was 
submitted to DOE for review, comment, and/or 
approval. Most of the accumulated wastes and 
debris was shipped in September to CHEM 
Nuclear, Barnwell, S.C., for disposal. Work on 
draft decommissioning and decontamination plans 
for the L-77 reactor was initiated after the 
University's decision not to retain this reactor. 
A request for proposal for engineering assessment 
was issued in June and proposals received by the 
end of August.

PLANS FOR NEXT PERIOD

The final, DOE-approved decontamination plan 
will be issued. The engineering assessment will 
be completed and a request for proposal for 
actual decontamination work prepared. The L-77 
reactor will be decommissioned and the fuel, 
along with excess neutron sources, shipped to 
Oak Ridge for storage. A decontamination plan 
will be prepared as an addendum to the 
Mayaguez site plan.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

• January 1979 — Selection of a con
tractor for engineering assessment

•  May 1979 — Submission of a decom
missioning plan for L-7T- reactor

• June 1979 — Completion of engineering 
assessment

•  July 1979 — Completion of decon
tamination plan for L-77 reactor

•  August 1979 — Issuance of final decon
tamination plan for Mayaguez site

•  December 1979 — Selection of a
decontamination contractor

• August 1981 -- Completion of decon
tamination project

WELDON SPRING SITE SUPERVISION AND 
DECOMMISSIONING

ORGANIZATION AND CONTRACT NUMBER

National Lead Company of Ohio
EY-76-C-05-1156

PRINCIPAL INVESTIGATOR

A.F. Pennak 

OBJECTIVE

The objective of this project is +o decom
mission the DOE-Weldon Spring site and return it 
to unrestricted use.

APPROACH

The 51-acre site consists of four pits 
containing radioactive wastes generated from the 
production of uranium metal at the Weldon 
Spring Production Center from 1957 to 1966. 
DOE also has possession of a quarry b miles 
from the Weldon Spring plant, which was used 
for the disposal of contaminated rubble and 
thorium residues. The residues in the four pits 
will be removed by private contractor during FY
1979, FY 1980, and FY 1981. The National 
Lead Company of Ohio (NLO) will monitor 
removal of the sludges and pump any surface 
runoff, as necessary, back into the pits. After 
the sludges have been removed, the supernatant 
liquors will be discharged to the Missouri River 
and the site will be graded to an aesthetically 
pleasing contour.
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There will also be an attempt to seal a por
tion of the floor of the quarry with grouting. If 
this proves successful, the quarry area will be 
filled, graded, and seeded.

PROGRESS AND RESULTS

We have reached substantial agreement \*/ith 
Cotter Corporation on the terms of a contract 
with them to remove the wastes from the four 
pits over a period of 2 years. DOE/Oak Ridge 
Operations has solicited a nonrevokable permit 
from the Department of the Army to give Cotter 
the use ol the Army's railspur and land at 
Weldon Spring. We expect to receive this permit 
in September 1978 and consummate the contract 
with Cotter soon thereafter. Additional test-well 
sampling at the quarry will be completed in FY
1978.

PLANS FOR NEXT PERIOD

It is anticipated that Cotter Corporation will 
begin removing the raffinate sludges early in FY 
1979 and finish the work in FY 1980. NLO will 
monitor Cotter's progress, conduct radiological 
surveys, and control excess water in the pits to 
facilitate removal of the sludges by Cotter.

REPORTS PUBLISHED

None

PROJECTED MILESTONES
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DECONTAMINATION AND DECOMMISSIONING 
OF HANFORD 200 AREA SURPLUS 

FACILITIES

ORGANIZATION AND CONTRACT NUMBER

Rockwell Hanford Operations 
EY-77-C-06-1030

PRINCIPAL INVESTIGATORS

A.W. Graves 
P.M. Nugent

OBJECTIVE

The objective of this program is to provide 
planning, technology, and field operations neces
sary for the disposition of surplus Hanford facili
ties under Rockwell Hanford Operations control.

APPROACH

Scheduling of surplus facilities for decom
missioning is based on the degree of hazard 
potential associated with the facilities, program 
utilization of existing facilities, cost effective
ness, funding limitations, and special planning 
requirements.

The activities within the program have been 
arbitrarily divided into major categories to facili
tate assignment of functional responsibilities and 
to aid in overall program planning.

•  Program management;

•  Program planning, tooling, equipment, 
and process development;

•  Decontamination and dismantling opera
tions;

•  Surveillance and maintenance opera
tions;

•  Waste disposal;

•  Radiological monitoring and survey; and

•  Documentation.

All efforts involved in the program will fall into 
one of these categories.
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Planning and operations are 'mDlemented 
through a series of documents for each facility. 
A dismantling plan is prepared for each facility 
selected for decontamination and decom
missioning; it defines the scope and the require
ments of the decommissioning effort. Major 
tasks, termed activities, are identified. Activity 
requirement documents are written for each 
major task — to define, in detail, the scope and 
requirements applicable to completing the task. 
Decontamination and dismantling field operations 
are implemented though detailed work proce
dures. All work is documented in engineering 
reports that summarize the work conducted for 
each activity.

PROGRESS AND RESULTS

Planning and preparatory activities for the 
first facility selected for decontamination and 
decommissioning (Building 233-S) were executed 
in FY 1978. T!\. following supporting documen
tation was prepared in support of this project:

• Decontamination and decommissioning 
program plan;

• Health and safety plan;

• Quality assurance plan;

• Document release plan;

• Personnel qualification plan;

• Environmental assessment;

• 233-S dismantling plan;

• Activity requirements 01, 02, 03;

•  Radiological survey a c tiv ity  plan; and

• Work procedures.

Entries In to  Building 233-S were conducted 
toward characteriz ing  the condition  ol the build
ing and identifying and correcting  hazardous con
ditions w ithin. The following activities were 
completed:

•  Radiological survey in and around the 
building;

• Photographic survey;

•  Measurements of th e  processing hoods 
and calculations to  determine fissile 
m a te ria l content;

• Safety (including radiation, fire, and 
industrial) inspections; and

• Miscellaneous utilities tests and inspec
tions.

In support of the Department of Energy's 
Decontamination and Decommissioning planning 
program, 315 data packages for Rockwell 
Hanford retired, contaminated facilities were 
prepared, providing such data as structural 
description of the facility and type of construc
tion, physical location, type of contaminants, 
and radionuclide inventory.

A preliminary decontamination and decom
missioning study and facility characterization for 
the Strontium Hot Semi works was prepared for 
inclusion in the United Nuclear Industries, Inc.,
contribution to the national plan.

PLANS FOR NEXT PERIOD

• Continue planning activities in conjunc
tion with decontamination and decom
missioning field operations.

• Complete utility building and utility
upgrading to support occupancy for 
decontamination and decommissioning 
operations.

• Complete decontamination and decom
missioning operations in three rooms.

• Prepare decontamination and decom
missioning long-range planning document 
for the Rockwell Hanford Operations 
200 Area environmental control tech
nology contaminated facilities.

REPORTS PUBLISHED

"Environmental Assessment, Decommissioning 
and Decontamination Activity, Hanford Building 
Disposal Demonstration Project, Redox Plutonium 
Concentration (233-S) Building," DOE/EA-0021, 
March 1978.

PROJECTED MILESTONES

• December 1, 1978 — Documentation of 
decision as to room selected for second 
decontamination and decommissioning 
activity in 233-S building

• January 1, 1979 — Completion of
233-S building can and PR can storage
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room decontamination and decom
missioning activities

•  March 31, 1979 -- Issuance of decon
tamination and decommissioning long- 
range planning document

• September 30, 1979 -- Completion of 
decontamination and decommissioning 
activities of second area in 233-S 
building

DECONTAMINATION AND DECOMMISSIONING 
OF SPACE NUCLEAR AUXILIARY POWER, 
KINETIC ENERGY WATER BOILER, AND 

RADIOACTIVE MATERIALS DISPOSAL 
FACILITIES

ORGANIZATION AND CONTRACT NUMBER

Atomics International
EY-76-C.-03-0701

PRINCIPAL INVESTIGATORS

B.F. Ureda
J.W. Carroll

OBJECTIVE

The objective of the task is to return the 
sites and the facilities of the partially dismantled 
Space Nuclear Auxiliary Power (SNAP) reactor 
(Buildings 010, 024, and 059) and the Radio
active Materials Disposal Facility (RMDF) to 
unrestrictive use.

The other facilities -- Building 003 Hot 
Cave, Kinetic Energy Water Boiler Reactor, and 
the Shield Test Irradiation Reactor (Building 
028), which were included in the original scope 
of the program — have now been decontaminated 
and the sites or facilities made available for 
other use.

APPROACH

The radioactive contamination in these facili
ties will be decreased to acceptable levels for 
unrestricted use by decontamination or direct 
removal of structure, equipment, and materials 
as necessary. Structures, soil, and equipment 
activated by neutrons in reactor buildings will be 
removed as necessary.

Modifications and delays in the decom
missioning plan for the SNAP facilities were 
required this year in order to provide funding for 
the removal of contaminated soil in the RMDF 
leach field. Due to the consequences of unusu
ally large rainfall, it became economically 
imperative to excavate the leach field, rather 
than to chance a larger expenditure for contami
nated water disposal in future years. Therefore, 
the schedule and level of effort for the decom
missioning of Buildings 024 and 059 were modi
fied in order to provide the required funding.

Building 010

Dismantling of the facility and restoration of 
the site to a condition for unrestricted use was 
accomplished. A view of the facility prior to 
decommissioning is shown in Figure 55 and after 
decommissioning in Figure 56. The contamination 
in Building 010 was primarily associated with the 
reactor vessel and its biological shield. A sig
nificant saving in cost and schedule was realized 
by removing the 90-ton reactor vessel and shiHd 
intact, packaging it for shipment, and transport
ing it to Beatty, Nevada, for burial. Decon
tamination and removal of Building 010 support 
equipment vaults, the radioactive vent system, 
and the coolinf: system were relatively minor, 
routine operations.

PROGRESS AND RESULTS

Figure 55. View of Building 010 Prior to 
Decom missioning
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Figure 56. View of Area Occupied by Building 
010 After Decommissioning

The report "S8ER Facility Final Report," 
ESG-DOE-1 3237, was issued.

Building 024

Decommissioning of Building 024 was com
pleted, sliort of removing activated concrete, 
cooling coils, and reinforcing rod in the walls of 
the cells. All equipment was removed from the 
cells. The concrete door to the west cell was 
removed and demolished. The contaminated 
rubble was shipped for burial. In addition, the 
exhaust filter system was dismantled, the gas 
holdup tanks and liquid waste tanks were exca
vated, and the excavations backfilled

Building 059

All equipment from the vacuum equipment 
room was removed. Except for parts of the dif
fusion pump, most of this equipment was non
radioactive. The shielding sand in the pipe chase 
room was partially removed. A seepage of water 
into the pipe chase room complicated the sand 
removal. Gas holdup tanks were removed and 
the water cooling system -- consisting of heat 
exchangers, pumps, valves, and pipe -- was 
removed. Contaminated material was packaged 
for shipment for burial.

RMDF

Disposal of radioactive material generated 
from all facilities being decommissioned was the 
principal activity at the RMDF. Liquid waste 
was evaporated and material and equipment were

decontaminated or packaged for shipment for 
burial.

Except for any remaining actions necessary to 
complete disposal of the leach field, no decom
missioning activities at Buildings 024 and 059 and 
the RMDF are planned. The remaining work in 
these facilities will be deffered until funding is 
available.

REPORTS PUBLISHED

"S8 ER Facility Decommissioning Final 
Report," ESG-DOE-13237.

"Building T024 (SETF) Activity Requirements 
for Partial Dismantling and Complete Decon
tamination," N704ACR990026.

"Building 059 Activity Requirements for 
Disposition of Periphery Equipment Excluding 
Reactor Pit," N704ACR990028.

"Building T010 Detailed Working Procedure for 
Removal of Radioactive or Contaminated Com
ponents and Materials," N704DWP990059.

"Building T024 (SETF) Detailed Working 
Procedure for Partial Dismantling and Complete 
Decontamination," N704DWP990061.

"Building T059 (SGPTF) Detailed Working 
Procedure for Partial Dismantling and Complete 
Decontamination Excluding the Reactor Pit," 
N704DWP990066.

"Facilities Dismantling Plan for Building 059," 
N704FDP000001.

"Facilities Dismantling Plan for Building 059 
Excluding the Reactor Pit," N704FDP990007.

"RMDF R/A Water Evaporation System 
Operating Procedure," N7040P990006.

"Technical Information on Decontamination of 
Radioactive Materials by Foam Application," 
N704TI990026.

"Radiological Survey Results — Release to 
Unrestricted Use, Building 010 at SSFL," 
N704T1990041.

PROJECTED MILESTONES

None
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DECONTAMINATION AND DISPOSITION OF 
SODIUM REACTOR EXPERIMENT FACILITY

ORGANIZATION AND CONTRACT NUMBER

Atomics International
EY-77-C-03-070I

PRINCIPAL INVESTIGATORS

B.F. Ureda
l.W. Carroll

OBJECTIVE

The objective of the task is to dismantle the 
Sodium Reactor Experiment (SHE) facility and to 
remove all significant reactor-originated radio
activity from the site in order to release the 
facility from all requirements for radiological 
control, licensing, or monitoring and make the 
site available for other uses.

APPROACH

The approach is the complete dismantling and 
disposal (by land burial) of all activated struc
tures or components, the dismantling or decon
tamination of all contaminated structures or 
components, and the disposal by land burial of 
all radioactive waste generated as part of the 
dismantling activity.

PROGRESS AND RESULTS

All of the SRE containment tanks (except the 
core cavity liner) were cut into movable pieces, 
packaged, and shipped to the licensed burial site 
in Beatty, Nevada. The remote operating 
plasma-arc manipulator was removed from the 
facility, decontaminated, and packaged for stor
age. Hoses and cables not amenable to decon
tamination were packaged and shipped to the 
licensed burial site.

In addition to the containment tanks, the grid 
plate assembly and the 5-l/2-in.-thick carbon 
steel thermal rings were cut for burial. The 
thermal rings were removed, positioned on the 
high bay floor, and then cut with a hooded, 
automated oxyacetylene torch system. The 
spread of contamination during the thermal ring 
segmentation operation was controlled by main
taining a negative pressure, supplied by the 
facility exhaust system inside the hood.

The two fuel handling machines and one 
moderator handling machine were partially decon
taminated, wrapped in plastic sheeting, and

shipped intact to the licensed burial site. A 
view of the 25-ton moderator machine on the 
truck used for transport is shown in Figure 57.

Figure 57. View of SRE Moderator Handling 
Machine on Transport

The alcohol system, used to react residual 
sodium on components, was selectively decon
taminated and removed from the facility. 
Unusable parts were shipped for burial. Also 
removed was the kerosene cooling system and 
vent piping in the high bay area of the facility 
and from trenches outside of the facility. All 
storage tanks, including the original sodium 
primary fill tank, were removed from the facil
ity. The water storage and filter system, used 
during the plasma-arc segmentation of the core 
vessels, has been removed. The filter, which 
removed suspended particulates from the water, 
was packaged in a shielded container and shipped 
for burial.

The excavation of contaminated soil and the 
biological shield around the core cavaity was 
started. Holes were drilled on the south wall of 
the high bay area to receive cast concrete pil
ing, which will provide shoring during the exten
sive excavation in the high bay area of the facil
ity.

The explosive removal of internal pipe from 
the SRE vessels was successfully completed in 
two phases. The explosive cutting had been 
successfully demonstrated on piping mockups the 
previous year. The vessel liner and core tank 
were removed using the manipulator-plasma arc 
cutting system. Removal of the grid plate 
assembly by plasma arc cutting was initiated.

The radioactive liquid and gas waste tanks 
and piping systems were removed from the north
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side of the SRE complex and buried as radio
active waste. Dismantling and disposal of the 
fuel and moderator handling machines was 
begun. The area to the east of the SRE, where 
the secondary process equipment was located, 
was then cleared of all buried piping and all 
mounting pads were removed. The entire area 
was graded and the site repaired by asphalt 
paving.

PLANS FOR NEXT PERIOD

In FY 1979, installation of the shoring piles 
will be completed to initiate excavation in the 
building interior. The primary pipe gallery 
vaults, walls, and floors will be removed. Exca
vation will be completed up to the northeast 
quadrant of the biological shield. Contaminated 
soil and rubble will be packaged and given 
protective storage for later shipment. The fuel 
storage cells will be removed and shipped to 
burial. The kerosene trenches will be decon
taminated. Excavation of below-grade pipir g and 
other facility components will begin west c>f the 
biological shielding. The excavation of oterior 
contaminated soil at the northeast corner of Un
building will be essentially completed.

The decommissioning is planned to proceed at 
a iow activity level in FY 1980 and to
accelerate and terminate at the conc lusion ol FY 
1981.

REPORTS PUBLISHED

"Detailed Working Procedure for the Removal
of the SRE Moderator Collant Header," N704-
DWP-990-035.

"Guide Post Installation and Removal,"
N704-DWP-990-036.

"Detailed Work Procedure for Removal,
Transfer, and Reassembly of SRE Rotating Mast 
Manipulator and Platform," N704-DWP-990-037.

"Disposal of Radioactive Waste Systems at 
Building 653 and Building 143," N704-DWP-990- 
054.

"Dose Rates Outside the ATCOR AL-33-90 
Cask During the Shipment of SRE Stainless Steel 
Components," N704-ER-990-005.

"RMDF Leach Field Mapping and Assessment 
of Contamination," N7C'- ER-990-006.

"Portable Radiation V.anshield for SRE 
Decontamination and Disposition," N704-ER-990- 
007.

"Final Report - SRE Fuel Decladding," 
N704-FDR-990-004.

"SRE Primary Piping Sodium Disposal," 
N704-QP-990-005.

"Contamination Confinement Systems for 
Decontamination and Disposition of the SRE 
Vessel," N704-TI-990-025.

"Report on the Passivation of the SRE Hot 
Trap," N704-TI-990-006.

PROJECTED MILESTONES

• October 15, 1978 -- Installation of
shoring

• April 1, 1979 -- Removal of fuel stor
age cells

• June 1, 1979 -- F:x< avytinn iif i-xtei iui
northeast corner

• July 1, 1979 — Removal of pipe gal
leries and vaults

• January 31, 1980 -- Cutting of cavity
liner

• March 1, 1980 -- Removal of top of
biological shield

• September 30, 1980 -- Removal of
activated portions in biological shield

•  March 1, 1981 -- Demolition of
remaining contaminated structures

• May 31, 1981 -- Backfilling

• July 31, 1981 -- Decontamination of
high-bay interior

• August 31, 1981 -- Decontamination of 
retention pond

• September 1, 1981 - Final survey

• September 30, 1981 -- Completion of
shipment of stored waste

• September 30, 1981 -- Final report
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REMEDIAL ACTIONS AT INACTIVE URANIUM MILL TAILINGS SITES
The continuing objective of this program is to reduce the radiological 

hazards from accumulations of tailings that resulted from the milling of 
uranium to supply the needs of National Defense programs. Twenty 
engineering assessment reports that provided detailed information of radiation 
exposures, practicable remedial alternatives, and costs for 22  such mill 
tailings sites in 8 western states were sent to the Congress. The findings of 
these reports indicated that none of the sites has been adequately stabilized 
for long-term control of wind and water erosion and that many tailings sites 
are favorably located and in demand for alternate uses. In some cases, 
consolidation of the tailings pile areas and provision of an adequate 
stabilizing cover may be effective to correct the situation. In other cases, 
however, the present sites are unsuitable for long-term stabilization and 
removal to a better location may be necessary.

Proposed legislation for remedial actions at inactive mill tailings sites 
was introduced in FY 1978. In November 1978, legislative authority to 
implement a remedial action program was provided by the Congress in P.L. 
95-604, "Uranium Mill Tailings Radiation Control Act of 1978." The law 
specifies that the Federal Government and affected states shall share in the 
costs on a 90:10 ratio. The law designates 22 processing sites eligible for 
remedial action anti provides for the addition of further eligible sites. Tins 
remedial effort is estimated to require 7 years to perform because of the 
large quantities of tailings and other radioactively contaminated materials 
involved.

Research and development efforts conducted in FY 1978 in connection 
with the engineering assessment work continue to provide some encouraging 
results, indicating that further efforts to develop methods to control the 
release of radon, improve ground sealants, and establish cover materials 
could be successful in reducing environmental impacts and the cost of 
remedial actions.

ENVIRONMENTAL IMPACT ST A TE M E N T ON 
SALT LAK E C IT Y , U TAH , SITE

APPROACH

ORGANIZATION AND CONTRACT NUMBER

The objectives of the project are the prepa
ration of an Environmental Impact Statement 
(EIS), assessing the impacts of the final disposi
tion of the inactive uranium mill tailings, and 
the identification of the most environmentally 
sound tailings-management alternative.

OBJECTIVES

PRINCIPAL INVESTIGATORS

Argonne National Laboratory 
W-31-109-ENG-38

P.F. Gustafson 
J.L. Saguninsin

The project involves the preparation of an EIS 
on the final disposition of inactive uranium mill 
tailings at the Vitro site, Salt Lake City, Utah. 
The EIS will evaluate four tailings-management 
alternatives: ( 1) minimal remedial action involv
ing removing radioactive tailings from neighboring 
areas and structures; (2 ) onsite stabilization of 
tailings; (3) removal of tailings to a disposal site 
within Salt Lake Valley; and (4) removal to a 
site in the Western Desert. The tasks involved 
include: providing a detailed description of
activities for each alternative; a detailed des
cription of the existing Vitro site and candidate 
disposal sites; and identifying and evaluating envi
ronmental impacts plus required mitigating meas
ures.

Activities for implementing each of the 
alternatives will be identified and described in 
detail. The applicability and effectiveness of
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these alternatives will be assessed and costs 
compared.

A detailed description of the existing Vitro 
site and the alternate disposal site environments 
will be undertaken. Data from existing surveys 
by Federal, State, and private agencies, as well 
as those found in the literature, will be compiled 
and, if necessary, supplemented by field studies 
and observations. The sites environments under 
consideration will be described in terms of their 
natural, physical, radiological., and socioeconomic 
components.

The environmental impacts arising from the 
implementation of each tailings-management 
alternative will be evaluated by analyzing the 
beneficial and adverse effects on the natural, 
physical, radiological, and socioeconomic environ
ments. Measures necessary to mitigate such 
impacts will be identified, and their effective
ness assessed. Unavoidable adverse environmental 
effects, as well as irreversible and irretrievable 
commitments of resources, will be discussed in 
terms of their magnitude and importance. The 
L-xtrnt to whirli t ach candidate uption would con
strain the diversity and range of potential uses 
of the environment will be discussed. Finally, 
the EIS will discuss the selection of the best 
candidate tailings-manageinent alternative.

PROGRESS AND RESULTS

Work on the project started in June 1978 and 
included a thorough literature search, visits to 
candidate disposal sites, cohsultations with per
sons and organizations knowledgeable of the Vitro 
site, and the preparation of a preliminary draft 
of the EIS.

PLANS FOR NEXT PERIOD

A preliminary draft of the EIS will be sub
mitted to DOE in November 1978. Following 
review, a printed draft will be issued during the 
third quarter of FY 1979. The printed, final 
environmental statement, consisting of the 
revised EIS, comments on the draft, as well as 
appropriate responses to those comments, will be 
released in late FY 1979 or early FY 1980.

REPORTS PUBLISHED

None

PROJECTED MILESTONES

Assistance will be extended to DOE in the 
analysis of environmental problems at other 
inactive uranium mill tailings sites and in the 
preparation of environmental impact statements

on the final disposition of a number of problem 
sites that may require immediate attention.

OAK RIDGE N ATIO N A L LABORATORY
RADIOLOGICAL SU R V E Y  OF INACTIVE 

URANIUM MILL TAILINGS SITES

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory
W-7405-ENG-26

PRINCIPAL INVESTIGATOR

F.F. Haywood 

OBJECTIVES

The objectives of this program are to provide 
analytical support for the Phase II engineering 
studies of inactive uranium mills and to develop 
information that will serve as a basis for an 
assessment of the radiological impact of tailings 
piles at these mills. A specific objective is to 
characterize the spread of contamination at each 
site through studies of airborne, terrestrial, and 
aquatic pathways, and to document the findings 
in technical reports.

APPROACH

Radiological studies at inactive uranium mill 
tailings sites include the measurement of gamma 
ray exposure rates at lm above the ground on 
tailings in the former mill areas and in an area 
surrounding the site. Measurements are made of 
radon daughter concentrations in existing mill 
structures and in structures that have been built 
over tailings or where tailings have been used as 
backfill around the structure. The studies also 
include measurements of radionuclide concentra
tions in groundwater and water from streams, 
rivers, ponds, and private water supplies in 
stream sediments and tailings in soil from 
beneath tailings piles, in surface drainage paths, 
and from areas surrounding the mill sites; and in 
background surface soil samples collected in 
areas where there is only a remote chance that 
the samples would be influenced by tailings. 
Calculations of the distribution of radon as a 
function of angle and distance from the center 
of the tailings piles will be included.

PROGRESS AND RESULTS

All survey activities and sample analyses have 
been completed. All survey reports have been 
prepared in draft form; one of these has been 
published. The remaining reports will be 
published in early FY 1979.
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Technical support was provided to an engineering 
firm working under contract to prepare engi
neering assessments of the inactive uranium mill 
sites. It was found that some radioactivity has 
been displaced from the tailings piles due to 
wind and water erosion. Except in rare cases, it 
does not appear that groundwater has transported 
radioactivity away from the tailings piles. An 
analysis of measurements and calculations reveals 
that the inhalation of radon daughters constitutes 
the principal exposure pathway to humans.

PLANS FOR NEXT PERIOD

Funding for Oak Ridge National Laboratory 
will provide support for a modest staff level 
through FY 1979. The principal anticipated 
activities include technical assistance in charac
terizing the radiological status of sites that may 
receive tailings from their present locations. In 
addition, technical assistance will be provided to 
engineering firms preparing Title II engineei ing 
assessments as followup radiological measure
ments are required to further define boundaries 
of contamination.

REPORTS PUBLISHED

R.H. Kennedy, L. Joe Deal, W.A. Goldsmith, 
and F.F. Haywood, "Management and Control of 
Radioactive Wastes from Uranium-Milling 
Operations," to appear in proceedings of IAEA 
International Conference on Nuclear Power and 
Its Fuel Cycle, Salzburg, Austria, May 2-13, 
1977.

F.F. Haywood, W.A. Goldsmith, P.T. Perdue, 
W.F. Fox, and W.H. Shinpaugh, "Assessment of 
Radiological Impact of the Inactive-Uranium 
Mill Tailings Pile at Salt Lake City, Utah," 
ORNL/TM-5251, Oak Ridge National Laboratory, 
November 1977.

W.A. Goldsmith, F.F. Haywood, and R.W. 
Leggett, "Transport of Radon Which Diffuses 
from Uranium-Mill Tailings," to be published in 
proceedings of Natural Radiation Environment HI 
Symposium, Houston, Texas, April 23-28, 1978.

Nineteen remaining reports will be published as 
ORNL Reports No. 5447 through 5465.

PROJECTED MILESTONES

Activities of this project are dependent on 
pending legislation related to remedial action at 
inactive uranium mills. Priorities will be estab
lished as soon as scheduling of activities is pos
sible.

ASPH ALT EMULSION SEALING OF URANIUM 
MILL TAILINGS

ORGANIZATION AND CONTRACT NUMP.F.R

Pacific Northwest Laboratory 
EY-76-C-06-1830

PRINCIPAL INVESTIGATORS

J.N. Hartley 
P.L. Koemstedt

OBJECTIVE

The objective of this project is to investigate 
the usr> of asphalt emulsion sealants to contain 
radon and radium in uranium tailings.

APPROACH

The approach taken in this program is to 
carry out both laboratory and field studies on the 
use of asphalt emulsion as a long-term sealant 
for radon and radium in uranium mill tailings. 
Laboratory studios will include (1) urani'jin tail
ings characterization; (2) asphalt ernulsion- 
tailings formulation; (3) radon and radium dif
fusion and permeation measurements; and (4) 
asphalt ernulsion-tailings stability tests and appli
cation technology review. Field studies will be 
conducted at selected sites. Application tests 
will be made; radon diffusion measurements will 
follow. The mechanical stability of the seal will 
be evaluated. Preliminary cost estimates on the 
most promising concept for sealing will be made.

PROGRESS AND RESULTS

The program was reinitiated in June 1978. 
The state-of-the-art of producing and applying 
cationic asphalt emulsion was reviewed. Labora
tory facilities for radon and radium diffusion 
measurements were reestablished. Uranium tail
ings samples from selected inactive uranium mill 
tailings sites were obtained. The latest tech
nology for measuring radon and its daughter 
products was reviewed and equipment selected 
for both laboratory and field studies.

PLANS FOR NEXT PERIOD

Laboratory studies on radon diffusion and 
radium permeation will begin. Field studies will 
follow.

REPORTS PUBLISHED 

None
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An interim report of project work accomp
lished during FY 1979 will be completed.

PROJECTED MILESTONES

PHASE 0 - TITLE I ENGINEERING 
ASSESSMENTS OF INACTIVE URANIUM MILL 

TAILINGS SITES

ORGANIZATION AND CONTRACT NUMBER

Ford, Bacon & Davis Utah Inc.
E(05-1) - 1658

PRINCIPAL INVESTIGATOR

V.C. Rogers 
R. Overmyer

OBJECTIVE

The problems resulting from the presence of 
inactive uranium mill tailings piles will be asses
sed and remedial action options for 22 such sites 
will be formulated. The information developed 
will provide a basis for decisionmaking for appro
priate remedial actions for each of the sites.

APPROACH

In assessing the significance of the radio
logical conditions at each site, evaluations of the 
following factors are to be included:

•  Exhalation of radon gas from the tail
ings,

•  Onsite and offsite direct radiation,

•  Land contamination from windblown 
tailings,

•  Hydrology and contamination by water 
pathways,

•  Potential health impact, and

•  Potential for extraction of additional 
uranium fro-n the tailings.

Investigation of these and other factors led to 
the detailed evaluation of remedial action alter
natives that rr'ay be placed within three main 
categories:

• Minimum remedial action (which 
amounts to offsite remedial action),

• Stabilization, designed for long-term
storage of tailings in their current 
location, and

• Removal of the tailings to alternative
sites suitable for long-term storage and 
stabilization.

Tailings were carried away from some of the 
sites and used at residences and businesses. 
Remedial actions were also evaluated for these 
locations, except at Grand Junction, Colorado, 
where a remedial action program is underway.

The general scope of the Title 1 assessment 
included preparing an engineering assessment 
report for each site and a comprehensive report, 
■suitable for submission to the Congress, on 
reasonable remedial act.on alternatives and their 
estimated costs. Property ownership was deter
mined in order to obtain release of Federal 
Government and architec.-engineer liability for 
engineering assessment work at both inactive 
millsites and privately owned structures. Topo
graphic maps of millsites and other sites to 
which tailing’s and other radioactive materials 
might be moved were prepared. Core drillings 
and radiometric measurements ample to deter
mine volumes of tailings and other radium- 
contaminated materials were performed. Radio- 
metric surveys were performed, as required, to 
determine areas and structures requiring cleanup 
or decontamination. Tte adequacy and environ
mental suitability of sites to which mill tailings 
containing radium can be moved for long-term 
(more than 50 years) storage was determined. 
After such sites were identified, they were 
evaluated. The costs involved were estimated.

Engineering assessments of structures where 
uranium mill tailings have been used in offsite 
construction were performed to arrive at recom
mendations; costs of remedial action were esti
mated. Various methods, techniques, and mate
rials were evaluated for stabilizing uranium mill 
tailings to prevent wind and water erosion, 
inhibit or eliminate radon exhalation, and mini
mize maintenance and control costs. The avail
ability of suitable fill and usable stabilization 
cover materials was evaluated. Radiation expo
sures of individuals and nearby populations, 
resulting from the inactive uranium millsite were 
evaluated with specific attention to gamma 
radiation, radon, radon daughter concentrations, 
and radium and other naturally occurring radio
isotopes in the tailings.

Site hydrology and meteorology were investi
gated and residual recovery values, such as
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uranium and vanadium in the tailings and other 
residues on the sites, were evaluated. Demo
graphic and land use studies were performed. 
Community and area planning and industrial and 
growth projections were investigated. The alter
native corrective actions for each site were eval
uated to arrive at recommendations, estimated 
costs, and socioeconomic impact, based on popu
lations and land use projections. Preliminary 
plans, specifications, and cost estimates were 
prepared for alternative corrective actions for 
each site. Not all of these items received 
attention at each site.

Oak Ridge National Laboratory supported this 
program by gathering some of the radiological 
data, performing all of the radiological sample 
analyses, and assisting in health effects assess
ments.

PROGRESS AND RESULTS

Final reports were published on the last 17 
sites early in FY 1978 and the Title I engi
neering assessments were completed. These sites
are indicated in the publication titles listed 
below.

A laboratory evaluation of chemical stabili
zation techniques for reducing radon exhalation 
from uranium tailings was conducted. Several 
materials were identified for further investigation 
in larger scale tests.

The engineering assessment reports provided 
information for congressional hearings; the 
"Uranium Mill Tailings Radiation Control Act of 
1978" was passed as P.L. 95-604.

PLANS FOR NEXT PERIOD

Environmental Assessments will be performed 
for the 22 sites. Additional information will be 
obtained, as required, for planning implementa
tion of the Title II remedial action work. Tests 
of chemical and physical stabilization materials 
will also be conducted in small-scale field tests 
to determine the performance of the stabilizers 
under varying climatic conditions.

REPORTS PUBLISHED

"Phase II - Title I Engineering Assessments of 
Inactive Uranium Mill Tailings Sites":

• Durango Site, Durango, Cole., GJT-6 , 
November 1977.

• Slick Rock Sites (2), Slick Rock, 
Colo., GJT-7, October 1977.

• Naturita Site, Naturita, Colo., GJT-8 , 
November 1977.

• Grand Junction Site, Grand Junction, 
Colo., GJT-9, October 1977.

• New and Old Rifle Sites (2), Rifle, 
Colo., GJT-10, October 1977.

• Maybell Site, May bell, Colo., GJT-11, 
October 1977.

• Gunnison Site, Gunnison, Colo., 
GJT-12, November 1977.

• Phillips/United Nuclear Site, Ambrosia 
Lake, N. Mex., GJT-13, December 
1977.

• Green River Site, Green River, Utah, 
GJT-14, December 1977.

• Spook Site, Converse, Wyo., GJT-15, 
December 1977.

• Falls City Site, Fa*ls City, Tex., 
GJT-16, December 1977.

• Lowman Site, Lowman, Idaho, GJT-17, 
December 1977.

• Lakeview Site, Lakeview, Oreg., 
GJT-18, December 1977.

• Riverton Site, Riverton, Wyo., 
GJT-19, December 1977.

• Ray Point Site, Ray Point, Tex., 
GJT-20, December 1977.

"Laboratory Research on Tailings Stabilization 
Methods and Their Effectiveness in Radiation Con
tainment," GJT-21, April 1978.

"Radiation Pathways and Potential Health 
Impacts From Inactive Uranium Mill Tailings,"
GJT-22, July 1978.
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•  October 31, 1979 — Completion of
Environmental Assessments program 
started in July 1978

PROJECTED MILESTONES • October 31, 1979 — Completion of
present program of testing stabilizing 
materials, started in September 1978

• October 31, 1979 — Current owner
ship, property descriptions, and infor
mation necessary to designate proces
sing sites obtained
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GRAND JUNCTION REMEDIAL ACTION PROGRAM

The Grand function Remedial Action Program implements the legislative 
authority provided by the Congress in Title II of P.L. 92-314. The objective 
of the program is to remedy conditions of excessive radiation exposure to 
people as a result of the use of uranium mill tailings in construction of 
structures at Grand Junction, Colorado. The law specifies that the Federal 
Government shall provide 75 percent of the cost of a State-operated 
remedial program.

Approximately 40 percent of 800 structures estimated to be eligible 
under the program have been completed. It is estimated that the program 
can be completed by FY 1985 at an accelerated rate of about 100 structures 
per year.

GRAND JUNCTION REMEDIAL ACTION 
PROGRAM

ORGANIZATION AND CONTRACT NUMBER

State of Colorado
AT(05-1)-1621
EW-76-C-23-1621

PRINCIPAL INVESTIGATOR

A. Hazle

OBJECTIVES

The objectives of this program are to reduce 
the radiation exposure of the public resulting 
from the use of tailings from the former uranium 
ore processing mill in Grand Junction, Colorado, 
as a construction material.

APPROACH

The remedial action program was authorized 
by Congress in 1972 under Title II of P.L. 
92-314. The U.S. Surgeon General established 
remedial action guidelines at the request of the 
Colorado Department of Health. Radiation 
measurements are first made to determine 
whether structures for which owners have made 
application for remedial action qualify under the 
guidelines. The State is responsible for conduct
ing the remedial work, most of which is carried 
out by an architect-engineer contractor. The 
State (taws up remedial action plans and submits 
them to DOE for approval. Under the law, DOE

has the final responsibility for selection of appro
priate remedial action for each structure. In 
most instances, the remedial action method used 
is to remove the floor slab, excavate the tail
ings, rcplace them with clean fill, and pour a 
new concrete floor. In some cases, an epoxy 
sealant is used on the inside of concrete surfaces 
to prevent radon gas, generated by the radium in 
the tailings, from diffusing into the living space.

A priority system was established under which 
houses and schools were given priority over 
industrial buildings. Priority was also given to 
the structures with the highest radiation levels.

PROGRESS AND RESULTS

Through FY 1978, remedial action has been 
carried out on a total of 325 structures, includ
ing 289 residences, 14 schools, and 22 commer
cial buildings. Under the provisions of P.L. 
92-314, the Federal Government pays 75 percent 
of the remedial program cost and the State of 
Colorado pays the remainder. About 45 struc
tures were completed in FY 1978.

PLANS FOR NEXT PERIOD

In February 1978, new legislation (P.L. 
95-236) was passed, extending the time limit for 
owners to apply for remedial action for an addi
tional 4 years and providing additional funding. 
Plans will be made to accelerate the program in 
FY 1979 and complete work on eligible structures 
by 1985. It is estimated that a total of about 
800 structures will qualify for remedial action.
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"Progress Report on the Grand Junction •  End of FY 1985 - Program completion
Uranium Mill Tailings, Remedial .Action 
Program," report to Congress, February 1979.

REPORTS PUBLISHED PROJECTED MILESTONES

I
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REMEDIAL ACTIONS AT FORMERLY UTILIZED MANHATTAN ENGINEER DISTRICT/ATOMIC ENERGY COMMISSION SITES
The objective of this program is to plan and, where appropriate, 

implement programs of remedial actions at sites that have been found to 
have residual radioactive contamination above levels currently acceptable for 
unrestricted use. The program includes a review of the retired files of the 
programs operated by the Manhattan Engineer District and the Atomic 
Energy Commission to identify all facilities utilized for nuctear activities and 
to determine the status of radiological conditions at the termination of 
operations. Some 150 such files were reviewed,id sufficient documentation 
was available to clearly identify the status of che majority of the sites. As 
a result of record searches, conversations witr current and previous owners, 
and, in some cases, site visits and preliminary radiological surveys, DOE 
was able to verify that conditions at about 34 sites indicated a need for 
further evaluations. Full radiological surveys were performed or scheduled to 
be performed on 33 of those sites. Based on preliminary results, DOE 
currently estimates that some form of remedial action will be required for 
about 27 of the sites. The remedial actions that may be required range from 
minor efforts involving decontamination of small areas to major efforts 
involving removal of contaminated soil and either decontamination or 
demolition of entire structures. Engineering evaluations were initiated at 
four of these sites to identify options for remedial action and their 
estimated costs and to determine the environmental impacts.

FORMERLY UTILIZED MANHATTAN 
ENGINEER DISTRICT/ATOMIC ENERGY 

COMMISSION SITES REMEDIAL ACTION 
PROGRAM

ORGANIZATION AND CONTRACT NUMBER

Argonne National Laboratory 
W-31-109-ENG-38

PRINCIPAL INVESTIGATORS

R.A. Wynveen 
W.H. Smith

OBJECTIVES

The objectives of this project are to charac
terize, analyze, and document the radiological 
environment in and/or around facilities previously 
owned, leaded, or utilized by the Manhattan 
Engineer District or the Atomic Energy Commis
sion and to compare any levels of residual radio
activity against current radiation control guide
lines.

APPROACH

The following activities are performed for this 
study: (1 ) visit each site to make a preliminary
radiation survey and assess the need for a com

plete, formal radiological evaluation; (2 ) if 
necessary, conduct a complete radiological survey 
to characterize the radiological environment in 
and/or around the facility; and (3) document 
survey results and provide an assessment of 
potential radiological problems under current and 
possible future use conditions.

PROGRESS AND RESULTS

At the close of FY 1978, preliminary inves
tigations of 31 sites have been conducted. 
Complete Argonne National Laboratory (ANL) 
radiological evaluations were required at 13 of 
the sites. Formal radiological surveys have been 
completed on 11 sites. Several draft reports 
have been submitted to DOE. Based on survey 
data collected to date, 13 of the 31 sites do not 
meet current unrestricted use guidelines and will 
require further evaluation. Remedial action has 
been initiated by two site owners.

PLANS FOR NEXT PERIOD

Funding for ANL will provide support for an 
increase in staff effort through September 1978. 
As of that time, final reports on at least 6  of 
the 13 sites should be completed. The radio
logical evaluation will be completed on the 
remaining sites and report preparation will con- 
tinue through September 1979.
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REPORTS PUBLISHED PROGRESS AND RESULTS

All radiological assessment reports will be 
authored and compiled by ANL and submitted to 
DOE for publication.

PROJECTED MILESTONES

• September 1979 — Final stages of 
completion of documentation of 30 of 
the 31 sites, assuming additional sites 
will not require ANL radiological evalu
ation

RADIOLOGICAL SURVEY OF FORMERLY 
UTILIZED MANHATTAN ENGINEER 

DISTRICT/ATOMIC ENERGY COMMISSION 
SITES

ORGANIZATION AND CONTRACT NUMBER

Los Alamos Scientific Laboratory
W-7405- ENG-36

PRINCIPAL INVESTIGATOR

H.S. Jordan 

OBJECTIVES

The objectives of this project are to deter
mine and document the radiological status of 
assigned sites and to evaluate the level of resid
ual radioactivity against current radiation control 
guidelines.

APPROACH

The following tasks are performed for this 
studv: (1) visit each site to make a preliminary
radiation survey and evaluation and to participate 
with DOE in the determination of the need for a 
formal site survey; (2 ) conduct formal surveys as 
requested by DOE to characterize the radio
logical condition of the site; and (3) document 
survey findings and provide an assessment of 
potential personnel radiation exposure under cur
rent and possible future occupancy and use condi
tions.

Some abandoned radioactive liquid waste 
sewer lines, constituting a portion of one of the 
assigned sites, were removed under separate 
funding because of Los Alamos County road 
improvement. Documentation and evaluation of 
the decontaminated area were completed under 
guidelines for this project.

As of the close of FY 1978, all field 
surveys, sampling, analytical laboratory work, 
and evaluations for the assigned sites were com
plete. Draft reports on two sites were for
warded to DOE Headquarters for review and pub
lication. Draft reports on two sites were in 
final review at the contractor management and 
DOE Operations Office level.

PLANS FOR NEXT PERIOD

Drafts of the final two survey reports should 
be forwarded to DOE Headquarters for review 
and publication. Some additional work on the 
formerly utilized sites program is anticipated at 
Los Alamos in FY 1979.

REPORTS PUBLISHED

All survey reports for sites in this program 
will be published as DOE documents by DOE 
Headquarters. A related survey and decontami
nation project conducted in Los Alamos in 1975 
and 1976 was reported in a contractor publica
tion, "Radiological Survey and Decontamination 
of the Former Main Technical Area (TA-1) at 
Los Alamos, New Mexico," LA-6887, Los 
Alamos Scientific Laboratory, December 1977.

PROJECTED MILESTONES

• Completion of two final survey reports

OAK RIDGE NATIONAL LABORATORY 
RADIOLOGICAL SURVEY OF FORMERLY 

UTILIZED MANHATTAN ENGINEER 
DISTRICT/ATOMIC ENERGY 

COMMISSION SITES

ORGANIZATION AND CONTRACT NUMBER

Oak Ridge National Laboratory 
W-7405-ENG-26

PRINCIPAL INVESTIGATOR

F.F. Haywood

OBJECTIVE

The objective of this project is to determine 
and document the current radiological status of 
approximately 50 assigned sites and to compare 
the level of residual radioactivity against current 
Federal and/or State radiation control guidelines.

186



In addition, technical support is provided to engi
neering and environmental contractors in the 
preparation of engineering assessments and per
tinent National Environmental Policy Act (NEPA) 
related documents.

APPROACH

To complete the objectives of this project, 
the following tasks are carried out: (1 ) review
existing records and verify that the site qualifies 
as a formerly utilized site; (2 ) visit each site to 
make exploratory measurements and to partici
pate with DOE in the determination of the need 
for a formal site survey; (3) prepare radiological 
survey plans; (4) conduct a series of measure
ments and collect environmental samples in 
accordance with the survey plans in order to 
characterize the current radiological condition of 
each site; (5) document survey findings and pro
vide an evaluation of potential personnel radia
tion exposure under present and possible future 
occupancy and use conditions; and (6 ) provide 
technical backup to engineering and environ
mental contractors in order to conduct followup 
measurements and perform calculations as needed 
for the preparation of documents required by 
NEPA.

PROGRESS AND RESULTS

At the close of FY 1978, visits and explor
atory surveys had been conducted at all assigned 
sites except for a few that were identified in 
August and September. During the fiscal year, 
formal radiological surveys were conducted at the 
three sites remaining at the end of FY 1977 and 
followup surveys were conducted in Middlesex, 
New Jersey, Canonsburg, Pennsylvania, and St. 
Louis, Missouri. Most of the followup survey 
work was done to provide technical assistance to 
an engineering firm working under contract to 
provide engineering assessent documents for the 
former Middlesex sampling plant and the munici
pal landfill sites in Middlesex and the former 
Vitro rare metals plant in Canonsburg.

Extensive radon and radon daughter measure
ments were made at the former Vitro plant 
during a winter month to complete the data 
acquisition needed to assess the potential radio
logical hazards at that site. Radon surveys were 
conducted in outdoor areas at the same time as 
aerial radiological surveys in Middlesex and 
Canonsburg as a followup to the aerial measure
ments. Ground-level radiation measurements 
were made to assess the status of radioactivity 
found in areas surrounding the sites in these two 
towns.

Draft reports for the 18 formal surveys 
required by Oak Ridge National Laboratory 
(ORNL) have been completed and submitted to 
DOE. Of these, six have been published as DOE 
reports and four are now in press. The remain
ing eight are undergoing final revision and will 
be printed Airing the first quarter of FY
1979. Assistance was provided to DOE in the 
preparation of a master program plan, which is 
now in use as a procedural document for the 
management of the Formerly Utilized Sites 
Remedial Action Program (FUSRAP).

PLANS FOR NEXT PERIOD

Funding for ORNL will provide support at the 
current staff level through FY 1979. In addi
tion, funding will provide for the preparation of 
NEPA-related documents on which to base deci
sions concerning the course of action at FUSRAP 
sites. Substantial support will be provided to 
engineering and environmental contractors in the 
preparation of engineering assessment and 
NEPA-related documents needed to identify and 
carry out remedial measures where such actions 
are indicated. Some additional surveys will be 
required at sites identified late in FY 1978.

REPORTS PUBLISHED

M.T. Ryan et al., "Radiological Survey of the 
Hooker Chemical Company, Niagara Falls, New 
York," DOE/EV-0005/2, Oak Ridge National 
Laboratory, January 1977.

H.W. Dickson et al., "Radiological Survey of 
the Middlesex Sampling Plant, Middlesex, New 
Jersey," DOE/EV-0005/1, Oak Ridge National 
Laboratory, November 1977.

R.W. Leggett et al., "Radiological Survey of 
the Former Vitro Rare Metals Plant, 
Canonsburg, Pennsylvania," DOE/EV-0005/3, Oak 
Ridge National Laboratory, April 1978.

W.A. Goldsmith, F.F. Haywood, and R.W. 
Leggett, "Transport of Radon Which Diffuses 
from Uranium Mill Tailings," Proceedings of 
Natural Radiation Environment III Symposium, 
Houston, Tex., April 23-28, 1978.

P.T. Perdue, R.W. Leggett, and F.F. 
Haywood, "A Technique for Evaluating Airborne 
Concentrations of Daughters of Radon Isotopes," 
Proceedings of Natural Radiation Environment III 
Symposium, Houston, Tex., April 23-28, 1978.

R.W. Leggett et al., "Radiological Survey of 
the Former Haist Property, Tonawanda, New
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York," DOE/EV-OOQ5/4, Oak Ridge National
Laboratory, May 1978.

R.W. Leggett et al., "Radiological Survey of 
the Linde Uranium Refinery, Tonawanda, New 
York," DOE/EV-0005/5, Oak Ridge National
Laboratory, May 1978.

R.W. Leggett, W.D. Cottrell, £Jid H.W. 
Dickson, "Radiological Survey of the Seaway
Industrial Park, Tonawanda, New York," 
DOE/EV-0005/6, Oak Ridge National Laboratory, 
May 1978.

R.W. Leggett, H.W. Dickson, and F.F. 
Haywood, "A Statistical Methodology for Radio
logical Surveying," Proceedings of IAEA Inter
national Symposium on Advances in Radiation 
Protection Monitoring, Stockholm. Sweden. June 
26-iO, 1978.

PROJECTED MILESTONES

•  October 1978 — Publication of an 
Environmental Assessment for the for
mer AEC St. Louis Airport storage site

•  January 1, 1979 — Completion of all
final radiological survey documents for
the formal surveys

•  April 1, 1979 — Preparation of a draft
Environmental Impact Statement for the 
former Vitro rare metals plant in 
Canonsburg

•  Approximately 90 days after completion
of field work — Submission of followup 
radiological surveys and additional 
formal surveys in <fraft form

FORMERLY UTILIZED MANHATTAN 
ENGINEER DLVTRICT/ATOMIC ENERGY 
COMMISSION SITES REMEDIAL ACTION 

PROGRAM

ORGANIZATION AND CONTRACT NUMBER

Ford, Bacon & Davis Utah Inc. 
EW-76-C-13-1658

PRINCIPAL INVESTIGATORS

V.C. Rogers 
R. Overmyer

The objectives of this project are to prepare 
Title I engineering evaluations and environmental 
analyses of possible remedial actions at four 
Manhattan Engineer District/Atomic Energy 
Commission sites where radioactive contamination 
has been found and to prepare Title II engi
neering plans and specifications for remedial 
action work.

The engineering evaluation reports include a 
physical description of the sites; the radiological 
guidelines used as a basis to determine the need 
for remedial actions; a comparison of present 
radiological conditions at the site to present 
guidelines, indicating where remedial action is 
advised; and several alternative remedial actions 
with attendant cost estimates. The environ
mental analysis reports include information 
regarding the existing environment, an analysis 
of potential environmental impacts pertaining to 
the present radiological conditions, and impacts 
resulting during and after implementation of 
remedial action alternatives.

APPROACH

Radiological data taken by Oak Ridge
National Laboratory at four sites in Middlesex, 
New Jersey, Canonsburg, Pennsylvania, and 
Burrell Township, Pennsylvania, are the basis for 
the formulation of remedial action alternatives. 
These alternatives include no action; minimal 
action--access restriction; stabilization of con
tamination at the present site; partial decon
tamination; or decontamination and restoration. 
In the past, contaminated materials were carried 
away from some of the sites and used around
offsite structures. Remedial actions were also 
considered at these locations.

The general scope of the Title I engineering 
evaluations includes preparing an engineering 
evaluation report for each site with remedied 
action alternatives and their estimated costs;
determining property ownership; preparing topo
graphic maps of the sites; and performing engi
neering evaluations of structures where contami
nated material was located to identify the
remedial action alternatives and estimated costs. 
Evaluations are made of the availability of suit
able fill and usable stabilizing cover materials. 
Site meteorology and hydrology are investigated 
from available information. Residual values of 
uranium recovered from the contaminated mate
rials and residues at the sites are estimated, and
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alternative remedial actions are e/aluated for 
each site. Costs for such actions are estimated.

The environmental analysis reports for each 
site consider the impacts of the remedial action 
alternatives* formulated in the engineering evalua
tion reports. The environmental analysis efforts 
include demographic and land use studies, inves
tigation of community and area planning, and 
industrial and population growth projections. 
They provide a description of the physical 
environment of the site; evaluate the radiation 
exposures to individuals and nearby populations 
with specific attention to gamma radiation, 
radon, radon daughter concentrations, and radium 
and other radioisotopes in the contaminated 
materials and residues. Analysis of the impact 
associated with the performance of the remedial 
actions and after the remedial actions is also 
completed.

The Title II activity includes preparing plans 
for an interim storage facility, if required; pre
paring specifications for removal and transport of 
contaminated materials; preparing "owners 
packages" explaining remedial action work to be 
performed at each offsite location where con
taminated material has been found; and providing 
assistance in preparing bid packages to con
tractors for performance of the remedial action 
work.
PROGRESS AND RESULTS

Preliminary draft reports of engineering eval
uations and environmental analyses were com
pleted for four sites. Plans and spec'fications 
for remedial actions at the former Middlesex 
sampling plant were initiated.
PLANS FOR NEXT PERIOD

Final engineering assessments and environ
mental analyses reports for the four sites will be 
completed, as will plans and specifications and 
"owners packages" for remedial actions at 
Middlesex.
REPORTS PUBLISHED

The following list of preliminary draft reports 
are being reviewed prior to publication. Copies 
are presently not available for general public dis
tribution:

"Engineering Evaluation of the Former 
Middlesex Sampling Plant and Associated 
Properties, Middlesex, New Jersey," 
UC-230-001, August 1978.

"Engineering Evaluation of the Former Vitro 
Rare Metals Plant, Canonsburg, Pennsylvania," 
UC-230-002, September 1978.

"Engineering Evaluation of the Pennsylvania 
Railroad Landfill Site, Blairsville, Pennsylvania," 
UC-230-003, October 1978.

"Engineering Evaluation of the Middlesex 
Municipal Landfill Site, Middlesex, New Jersey," 
UC-230-004, September 1978.

"Environmental Analysis of the Former 
Middlesex Sampling Plant and Associated 
Properties, Middlesex, New Jersey," UC-230- 
005, September 1978.

"Environmental Analysis of the Former Vitro 
Rare Metals Plant, Canonsburg, Pennsylvania," 
UC-230-006, September 1978.

"Environmental Analysis of the Pennsylvania 
Railroad Landfill Site, Blairsvilte, Pennsylvania," 
UC-230-007, October 1978.

"Environmental Analysis of the Middlesex 
Municipal Landfill Site, Middlesex, New Jersey," 
UC-230-008, September 1978.
PROJECTED MILESTONES

• May 15, 1979 — Completion of engi
neering assessments and environmental 
reports for the four sites

• May 15, 1979 — Completion of plans 
and specifications

ARGONNE NATIONAL LABORATORY 
RADIOLOGICAL SURVEY OF FORMERLY 

UTILIZED MANHATTAN ENGINEER 
DISTRICT/ATOMIC ENERGY COMMISSION 

SITES

ORGANIZATION AND CONTRACT NUMBER
Argonne National Laboratory 
W-31-109-N-38

PRINCIPAL INVESTIGATORS
J. Sedlet 
N.W. Golchert

OBJECTIVES
The objectives of this project are to deter

mine the radiological status of and conduct an
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ongoing radiological surveillance program at the 
site of the former Metallurgical Laboratory 
located in the Palos Park Forest Preserve near 
Chicago, Illinois. This survey and program are 
designed to obtain information necessary U> 
determine if, and to what extent, remedial 
action is required to ensure that any radioactive 
materials that remain at the site will not cause 
a health hazard in the future, and to provide 
continued surveillance of the area.
APPROACH

The study consists of (1) radiochemical 
measurements of soil borings, subsurface water, 
surface soil find water, and vegetation; (2) con
tinued surveillance for radionuclide migration 
from the site by analysis of groundwater from 
test and drinking water wells; (3) measurement 
of the direction and rate of groundwater move
ment; and (4) other tests and studies of the 
dolomite aquifer.
PROGRESS AND RESULTS

At the close of FY 1978, the radiological 
survey of water, soil, and vegetation was com
pleted; the rate of migration of subsurface water 
was studied; and the vertical distribution of

tritiated water in the dolomite aquifer was eval
uated. Periodic sampling and radiochemical 
analysis of groundwater and aquifer water con
tinued and portions of the site were resampled in 
greater detail, as required. The results indicate 
that remedial action is not warranted at this 
time, but continued surveillance is needed to 
monitor the area and note any changes in the 
radiological status to enable a final determination 
of the need for remedial action.
PLANS FOR NEXT PERIOD

Funding for ANL will provide support to con
tinue the radiological surveillance program and to 
study the underground water and radionuclide 
migration.
REPORTS PUBLISHED

"Radiological Survey of Site A, Palos Park 
Forest Preserve, Chicago, Illinois," DOE/EV- 
0005/7, Argonne National Laboratory, April 1978.
PROJECTED MILESTONES

• March 31, 1979 — Completion of
updated report of the work through 
1978
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ABBREVIATIONS AND ACRONYMS

ACR American College of Radiology
AEC Atomic Energy Commission
AGS Alternating Gradient Synchrotron
Al Atomics International
ALARA as low as reasonably achievable
AMD acid mine drainage
ANG Michigan-Wisconsin Pipeline Company
ANL Argonne National Laboratory
ANOX actinide oxide
BBN Bolt Beranek and Newman, L c.
BCL Battelle Columbus Laboratories (Battelle Memorial Institute)
BCR Bituminous Coal Research, Inc.
BLM Bureau of Land Management
BNL Brookhaven National Laboratory
BNWL Battelle Northwest Laboratory
BTC Battelle Treated Coal
BTX benzene, toluene, and xylene
BWR Boiling Water Reactor
CAES compressed air energy storage
CCNY City College of New York
CDM climatological dispersion model
CEER Center for Energy and Environmental Research
CO carbon monoxide
co2 carbon dioxide
COD chemical oxygen demand
D&D Decontamination anri Decommissioning
DOC dissolved organic carbon
DOE Department of Energy
DOT Department oi Transportation
E-MAD Engine Maintenance Assembly and Disassembly
ECT Division of Environmental Control Technology
EDP Environmental Development Plan
EE Environmental Engineering
EIA Environmental Impact Assessment
EIS Environmental Impart Statement
EPA Environmental Protection Agency
ERD Environmental Readiness Document
ERDA Energy Research and Development Administration
EV Office of Assistant Secretary for Environment
FBC fiuidized bed combustion
FBDU Ford, Bacon Jid Davis Utah Inc.
FGD flue gas desulfurization
FHP flash hydropyrolysis
FMPC Feed Materials Production Center
FTC Fuels Technology Center
FUSRAP Formerly Utilized MED/AEC Sites Remedial Action Program
FY fiscal year
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GAC granular activated carbon
GFETC Grand Forks Energy Technology Center
GLGP Geotherm;Loan Guarantee Program
GRI Gas Research Institute
H&N Holmes and Narver, Inc.
HC hydrocarbon
HLLW high level liquid wastes
HWCTR Heavy Water Components Test Reactor
IAEA International Atomic Energy Agency
IGT Institute of Gas Technology
IN EL Idaho National Engineering Laboratory
KEWB Kinetic Energy Water Boiler
KGRA known geothermal resources area
LASL Los Alamos Scientific Laboratory
LBL Lawrence Berkeley Laboratory
LETC Laramie Energy Technology Center
lh2 liquid hydrogen
LLL Lawrence Livermore Laboratory
LLW low level waste
LNG liquefied natural gas
lnh3 anhydrous liquid ammonia
LPG liquefied petroleum gas
LWR light water reactor
Mar Ad United States Maritime Commission
MEA Minnesota Energy Agency
MED Manhattan Engineer District
MHD magnetohydrodynamics
MIT Massachusetts Institute of Technology
ML Mound Laboratory
MPG mid-plate gyro
NASA National Aeronautics and Space Administration
NEPA National Environmental Policy Act
NIOSH National Institute for Occupational Safety and Health
NLO National Lead Company of Ohio
NMMSS Nuclear Materials Management Safeguards and Security
NORCUS Northwest College and University Association for Science
NRC Nuclear Regulatory Commission
NP.DS Nuclear Rocket Development Station
NSPS New Source Performance Standards
NTIS National Technical Information Service
NWC Naval Weapons Center (China Lake, California)
OMRE Organic Moderated Reactor Experiment
ONRR Office of Nuclear Reactor Regulation
OR Oak Ridge Operations Office
ORNL Oak Ridge National Laboratory
OSHA Occupational Safety and Health Administration
OSM Office of Surface Mining
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P.L. Public Law
PAC powdered activated carbon
PAH polynuclear aromatic hydrocarbon
PETC Pittsburgh Energy Technology Center
PFF Plutonium Fabrication Facility
PNA polynuclear aromatic
PNL Pacific Northwest Laboratory
PWR pressurized water reactor
R<JcD research and development
K-MAD Reactor Maintenance Assembly and Disassembly 
RCRA Resource Conservation and Recovery Act
RDJcD reseerch, development, and demonstration
RDA R and D Associates, Inc.
REA Rural Electrification Administration
REECO Reynolds Electric and Engineering Company, Inc.
RMDF Radioactive Materials Disposal Facility
RWMC Radioactive Waste Management Complex
S sullur
SAI Science Applications, Inc.
SHAC solar heating and cooling
SLA Sandia Laboratories
SMES superconducting magnets for energy storage
SNAP Space Nuclear Auxiliary Power
SNM special nuclear materials
SRC solvent refined coal
SRE Sodium Reactor Experiment
SRP Savannah River Plant
TAN test area north
TFBB tapered fluidized-bed bioreactor
TOC total organic carbon
TFI The Fertilizer Institute
TRU transuranic waste
TSDB Transportaion Statistics Data Bank
UCLA University of California at Los Angeles
UMD University of Minnesota-Duluth
UND University of North Dakota
UNI United Nuclear Industries, Inc.
UPI University of Puerto Rico
URI University of Rhode Island
USAL United States Accelerator List
USCG United States Coast Guard
UT University of Tulsa
UU University of Utah
WESCC Western Coal Gasification Company
WNYNSC Western New York Nuclear Service Center
WP Division of Waste Products
WVU West Virginia University
ZAA Zeeman atomic absorption (spectroscopy)
j.GS Zero Gradient Synchrotron
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