ANL/EIS-16

ARGONNE NATIONAL LABORATORY
9700 South Cass Avenue
Argonne, Illinois.- 60439

AML/EIS—16
DE83 008181

METHODS FOR ASSESSING ENVIRONMENTAL IMPACTS OF A FUSRAP
PROPERTY-CLEANUP/INTERIM-STORAGE
REMEDIAL ACTION

mil
<£• s ; | |

£ 8. B.

if
8

!

•r 3 5 =r

Division of Environmental Impact Studies
| s-. °

un
I EI E3 q I

P

f £ l i t i ir

2

| | I 2, o ~ |

=''" 5' I S ° 1

M
35

Completed:
Published:

December 1981
December 1982

:.3." § s «
o 2 s- - 2. .

2, 1 S =. .a x - c
• g S R S3
•8 2,

1 Jo
Prepared for
Formerly Utilized Sites Remedial Action Program
U.S. Department of Energy
Oak Ridge Operations Office
Oak Ridge, Tennessee

METHODS FOR ASSESSING ENVIRONMENTAL IMPACTS OF A FUSRAP
PROPERTY-CLEANUP/INTERIM-STORAGE
REMEDIAL ACTION

Authors and Contributors
Argonne Program Manager
Document Coordinator
Editor

Robert W. Vocke
Pamela Merry-Libby
Dimis J. Wyman

Overview of the Formerly Utilized
Sites Remedial Action Program

John M. Peterson
Robert E. Berlin*
Les Skoski*

Description of a Property-Cleanup/
Interim-Storage Remedial Action

John M. Peterson
Pamela Merry-Libby

Physical and Biological Pathways
and Impacts

Lars F. Soholt
Margery C. Bynoe

Radiological Impacts

Ping C. Chee
John M. Peterson
Carlyle J. Roberts

Sociceconomic Impacts

Barbara A. Payne
S. Matthew Prastein
Sue-Ann Curtis**

Existing and Proposed Radiological
Regulations and Hazardous Waste
Criteria That Could Impact FUSRAP

John M. Peterson
Carlyle J. Roberts
Robert E. Berlin*
Les Skoski*

* Consultant, Waste Management Group, Inc., White Plains, New York.
** Consultant, Lockport, Illinois.

m

ACKNOWLEDGMENTS
The authors of this report acknowledge, with appreciation and thanks,
Donald W. Connor for the original idea as well as helpful suggestions during
the birth of the project and preparation of the report. Thanks are also given
to other members of the Division of Environmental Impact Studies, Argonne
National Laboratory, who offered constructive review comments at various
stages and to the typists who worked so hard to meet deadlines.

IV

PREFACE
This report has been prepared under the Formerly Utilized Sites Remedial
Action Program (FUSRAP) of the U.S. Department of Energy (DOE). The report is
intended to support preparation of documents under the National Environmental
Policy Act (NEPA) as part of site-specific decision-making for FUSRAP
activities.
The sites covered by FUSRAP were used during the 1940s and 1950s for
processing and storing uranium and thorium ores and residues, as well as for
research and development under contracts with the federal government. Low
levels of radioactive contamination still exist at these sites and at nearby
properties. Remedial action may be needed to reduce potential health and
safety risks. One type of remedial action that DOE may undertake is the
removal of contaminated materials (property-cleanup) and storage at a central
site (interim-storage) until a later decision is made as to the ultimate
disposition of the materials.
As required by NEPA and regulated by the Council on Environmental Quality
(CEQ), DOE will factor environmental considerations into its decision-making
process regarding what remedial actions should be taken. For some proposed
actions, either an Environmental Assessment (EA) or an Environmental Impact
Statement (EIS) m3y be prepared to satisfy the NEPA requirements. The CEQ has
indicated that these documents must be concise and focus on the real issues to
provide useful input to decision-makers and the concerned public. Environmental impacts should be discussed concisely in proportion to their significance. The CEQ recommended length of an EA is 10-15 pages and of an EIS is
150 pages. However, concerned citizens and lawyers often want every issue
discussed in great detail, including methods of analysis and support for
determination of insignificant impacts. This can lead to long and confused
documents.
In order to provide concise NEPA documents and to satisfy concerned
persons as to the adequacy of the environmental analysis, DOE will take CEQ's
"incorporated by reference" approach and has prepared the following as a
detailed reference document to support site-specific Action Description
Memoranda, EAs, and EISs. This approach is valid because the general nature
of the materials to be moved and the types of activities involved in a remedial
action are expected to be similar for many sites. This document provides a
description of a property-cleanup/interim-storage action, explanation of how
environmental impacts might occur, comprehensive treatment of most potential
impacts that might occur as a result of this type of action, discussion of
existing methodologies for estimating and assessing impacts, justification of
the choice of specific methodologies for use in FUSRAP environmental reviews,
assessments of representative impacts (or expected ranges of impacts where
possible), suggested mitigation measures, and some key sources of information.

As recommended by CEQ, it is expected that early scoping during project planning will sort out which of the environmental issues are significant and
deserving of detailed study for each site-specific analysis. It is also
assumed that the audience will include the interested public as well as preparers and expert reviewers of the analyses.
The major topical areas covered are physical and biological impacts,
radiological impacts, and socioeccriomic impacts. Some project-related issues
were beyond the scope of this document, including dollar costs, specific
accident scenarios, project funding and changes in Congressional mandates, and
project management (contracts, labor relations, quality assurance, liability,
emergency preparedness, etc.). These issues will be covered in other documents
supporting the decision-making process. Although the scope of this document
covers property-cleanup and interim-storage actions, it is applicable to other
similar remedial actions. For example, the analyses discussed herein for
cleanup activities are applicable to any FUSRAP action that includes site
cleanup.
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1. OVERVIEW OF THE FORMERLY UTILIZED SITES
REMEDIAL ACTION PROGRAM (FUSRAP)
John M. Peterson, Robert E. Berlin,* and Les Skoski*
1.1

HISTORY

The U.S. Army Corps of Engineers Manhattan Engineer District (MED) and
its successor, the U.S. Atomic Energy Commission (AEC), conducted programs
during the 1940s and 1950s involving research, development, processing, and
production of uranium and thorium, and storage of radioactive ores and their
processing residues. These programs were conducted pursuant to the First War
Powers Act of 1941 and the Atomic Energy Acts of 1946 and 1954, as amended.
Virtually all of this work was performed for the federal government by private
contractors at sites that were either federally, privately, or institutionally
owned (U.S. Dep. Energy 1981).
Many of these sites as well as nearby properties became contaminated with
low-level radioactivity as a result of work done for the federal government.
When the contracts for MED/AEC activities were terminated, many of the sites
involved were decontaminated according to health and safety criteria and
guidelines then in use and applied on a site-specific basis. However, radiological criteria, guidelines, and proposed guidelines for returning sites to
unrestricted use have become more stringent as research on the effects of
low-level radiation has progressed and instrumentation for detecting and
measuring low-level radiation has become more sophisticated.
A program was initiated by the AEC in 1974 to identify these formerly
utilized MED/AEC sites and to determine their radiological status based on a
review of historical records. These activities were continued by the U.S.
Energy Research and Development Administration (ERDA), successor to the AEC,
and extended to include contacts with current and former site owners, site
visits, radiological surveys, and analyses of potential risks to public health.
Under the Department of Energy Organization Act of 1977, the functions
and authority of ERDA were transferred to DOE, including the responsibility
for the site survey program. The results of these surveys indicated that
several of the formerly utilized sites, as well as nearby properties, were
contaminated at levels that might require remedial action. The U.S. Department of Energy (DOE) subsequently initiated the Formerly Utilized Sites Remedial
Action Program (FUSRAP). Through its various staff and program units, DOE is
identifying the sites, characterizing their radiological condition, determining
the need for remedial action at the sites, implementing the required remedial

*Waste Management Group, Inc.
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actions (including suitable disposal or stabilization of residual material),
and ultimately certifying the radiological condition of FUSRAP sites after
remedial action has been completed.
1.2

NEED FOR ACTION

Current land uses and the generally low levels of radiation ,-••
ent at
FUSRAP sites pose little immediate health risk to the general publ - cr threat
to the environment. Nevertheless, potential hazards could develop if land
uses changed to permit prolonged exposure to radioactive wastes or if additional radioactive contaminants migrated offsite as a result of natural processes or human activity. In the past, the need for remedial action was
determined by comparing radiological survey results with existing guidelines.
A comprehensive analysis of the health risks associated with the existing
radiological contamination at these sites was not always performed. A DOE
task force of health effects experts was convened in late 1981 to analyze the
risks of health effects at FUSRAP sites and to recommend program standards
(Keller 3981).
As of September 1981, DOE has determined that remedial action is required
at 21 sites and a probable need exists at an additional 14 sites (Figure 1.1)
(Ramsey 1981). Most of these sites are located in industrial areas in the
northeastern United States. The DOE Office of General Counsel has determined
that the Department has the responsibility and authority to conduct remedial
action at 10 of the 21 sites that need remedial action and at 4 of the 14 sites
that have a probable need. A summary of the determinations of need and authority for remedial action is given in Tables 1.1 and 1.2 (Ramsey 1981). Authority
to clean up the remaining sites is contained in DOE's proposed Residual Radioactive Material Control Act, which is currently undergoing review by various
federal agencies.
FUSRAP is being implemented as one of four remedial activities included
within the overall DOE remedial action program. The other three remedial
activities are:
• Grand Junction Remedial Action Program, which involves removing
uranium mill tailings from structures in Grand Junction, Colorado,
as required by Public Law 95-236. It is estimated that 800
structures will qualify for remedial action; remedial action
has been completed at about 360 of these structures.
• Uranium Mill Tailings Remedial Action Program, which calls for
implementing remedial actions at inactive uranium mill tailings
sites including 25 designated sites, as required by Public
Law 95-604.
• Surplus Facilities Management Program, which involves decontamination and decommissioning (D&D) as well as maintenance of
some 500 radioactively contaminated, surplus DOE facilities.
This program includes decommissioning the Shippingport Atomic
Power Station as well as D&D of surplus defense-related DOE
facilities.

Figure 1.1. Location of FUSRAP Sites as of September 1981.
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Table 1.1.

IDt1

FUSRAP Sites as or September 1981: Authority Established

Site

Need Established
Kellex Research Facility
1
2
3
4
5
6
7
8
9
10

Middlesex Sampling Plant
and vicinity properties
Shpack landfill
Niagara Falls Storage
Site vicinity properties
St. Louis Airport Storage
Site vicinity properties
Middlesex landfill
Linde Air Products
Bayo Canyon
E.I. Du Pont de Nemours
& Company
University of California

Need Not Established
Acid/Pueblo Canyon
11
Albany Metallurgical
12
Research Center
Chupadera Mesa
13
14
t1
t2
f3
t4
t5

University of Chicago

Location
Jersey C H y , NJ
Middlesex, NJ

Estimated
Amountt2 of
Contami nated
Material (m 3 )

Not applicablet3
60,000t4

Norton, MA
Lewiston, NY

3,400
To be
determined

St. Louis, MO

5,000t5

Middlesex, NJ
Tonawanda, NY
Los Alamcs, NM
Deepwater, NJ
Berkeley, CA

53,000
38,000
2,700
2,100
20

Los Alamos, NM
Albany, OR

1,300
2,800

White Sands, NM

To be
determined
60

Chicago, IL

See Figure 1.1 for location according to ID number.
Unless otherwise indicated, these volumes are based on information given
in the U.S. Department of Energy (1980b) report.
Decontamination was completed in 1980.
Based on material already excavated.
Contamination associated with the offsite ditches.
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Table 1.2.

IDt1

FUSRAP Sites as of September 1981: Authority Not Established

Site

Location

Estimated
Amountt2 of
Contami nated
Material (m 3 )

Need Established
15
Mallinckrodt, Inc.
16
St. Louis Airport
Storage Site
17
Clecon Metals, Inc.
Gardinier, Inc.
18
19
Palos Park Forest
Preserve
20
Conserv, Inc.
21
Seneca Army Depot
Guterl-Simonds Steel
22
Division
23
Seaway Industrial Park
Ashland Oil Company
24
Pasadena Chemical Company
25

Tonawanda, NY
Tonawanda, NY
Pasadena, TX

30,000
37,000
To be
determi ned

Need Not Established
W.R. Grace & Company
26
27
Harshaw Chemical Company
Iowa State University
28
National Guard Armory
29
01 in Chemical Corporation
30
Universal Cyclops
31
Ventron Corporation
32
Watertown Arsenal
33
Ashland Oil Company No. 2
34

Curtis Bay, MD
Cleveland, OH
Ames, IA
Chicago, IL
Joliet, IL
Aliquippa, PA
Beverly, MA
Cambridge, MA
Tonawanda, NY

20,000
7,000
50
20
230
40
80
200
To be
determi ned
To be
determined

35
t1
t2

Staten Island

St. Louis, MO
St. Louis, MO

37,000
140,000

Cleveland, OH
Tampa, FL
Chicago, IL

610
1,500
To be
determined
100
310
270

Nichols, FL
Romulus, NY
Lockport, NY

Port Richmond, NY

See Figure 1.1 for location according to ID number.
Based on information in the U.S. Department of Energy (1980b) report.
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1.3

CLASSIFICATION OF SITES

The radioactive material present at FUSRAP sites consists principally of
waste by-products from uranium and thorium processing. These by-products
contain residual quantities of these elements and their radioactive decay
products, which have remained as contaminants of buildings, soil material, and
stream channels after operations at the sites ceased. The radioisotopes
primarily belong to the uranium-238 decay series and the thorium-232 decay
series. Hazards to the general population could occur through such pathways
as (1) inhalation of radon gas and its decay products which is enhanced if the
radon is concentrated within building structures, (2) inhalation of aerosols
or ingestion of materials containing radioisotopes of the two decay series,
(3) ingestion of radium via the drinking water pathway, and (4) exposure to
external radiation. In the absence of remedial action, these potential
hazards will persist for extremely long periods of time (millions of years)
because of the long half-lives of the controlling isotopes.
The designated FUSRAP sites can be classified into six major groups based
on the types of materials handled and the anticipated radiological constituents
remaining at the sites (U.S. Dep. Energy 1980a, 1980b). Although in some
cases it is difficult to place a site in only one group because of some overlap,
the use of these six groups helps to establish bounding conditions and permits
the majority of FUSRAP sites to be categorized in accordance with their potential source of radiation. The classification system for the six groups is
given in Table 1.3. The designated FUSRAP sites are categorized into these
six groups in Table 1.4, and the potential sources of radioactivity anticipated for each of the six groups are given in Table 1.5.

Table 1.3.

Group

Title

Classification System for FUSRAP Sites

Principal
Radionuclides

General Description

Ore/concentrate sites

Uranium-238 decay
series

Large quantities of uranium ore or concentrate
were handled at these sites. In some instances,
the ore/concentrate residual was buried at the
site or has contaminated large quantities of
soil material at the site and in the nearby
area. These sites are located in New York,
New Jersey, and Missouri and account for
approximately 90% of the total volume of
FUSRAP contaminated material.

II

Salt/metal processing
sites

liranium-238 decay
series

III

Phosphoric acid
uranium recovery
sites

Uranium-238 decay
series

IV

Thorium processing
sites

Thorium-232 decay
series

Nuclear weapons
and/or disposal
sites

Fission products
and possibly
transuranics

Miscellaneous

Uranium-238 decay
series and tritium

Activities at these sites involved handling uranium salts and fabricating uranium metal. These
sites characteristically contain contaminated
equipment, structures, soil material and debris.
These sites were used for extraction of uranium
from wet-process phosphoric acid production.
The contaminated material consists principally
of soil material, processing and drying equipment, and, in some cases, structures contaminated with phosphogypsum. These sites also
contain phosphogypsum waste piles.
These sites were used principally to process
thorium ores and to fabricate thorium metal.
The contaminated material consists principally
of buildings, equipment, and soil material.
These sites were used for weapons testing and/or
disposal of wastes from weapons programs. The
principal contaminants are fission products and
certain transuranics.
This group consists of all sites not categorized
into one of the five preceding groups.

VI
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Table 1.4.

IDt1

Classification of FUSRAP Sites

Site

Group I: Ors/Concentrate Sites
2
Middlesex Sampling Plant
and vicinity properties
4
Niagara Falls Storage Site
vicinity properties
5
St. Louis Airport Storage
Site vicinity properties
6
Middlesex landfill
7
Linde Air Products
15
Mallinckrodt, Inc.
16
St. Louis Airport
Storage Site
Seneca Army Depot
21
23
Seaway Industrial Park
24
Ashland Oil Company
Ashland Oil Company No. 2
34
Staten Island
35

Location

Total Estimated
Volume of
Contaminated
Materialt2
400,000 m 3

Middlesex, NJ
Lewiston, NY
St. Louis, MO
Middlesex,
Tonawanda,
St. Louis,
St. Louis,

NJ
NY
MO
MO

Romulus, NY
Tonawanda, NY
Tonawanda, NY
Tonawanda, NY
Port Richmond, NY

Group II: Salts/Metal Processing Sites
1
Kellex Research Facility
Jersey City, NJ
Deepwater, NJ
E.I. Du Pont de Nemours
9
& Company
Chicago, IL
University of Chicago
14
Lockport, NY
Guterl-Simonds Steel
22
Division
Harshaw Chemical Company
Cleveland, OH
27
Iowa State University
Ames, IA
28
Chicago, IL
National Guard Armory
29
Aliquippa, PA
Universal Cyclops
31
Ventron Corporation
Beverly, MA
32

9,600 m 3
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Table 1.4.

IDf1

Site

Continued

Location

Group III: Phosphoric Acid Uranium Recovery Sites
Gardinier, Inc.
Tampa, FL
18
20
Conserv, Inc.
Nichols, FL
25
Pasadena Chemical Company
Pasadena, TX
30
01 in Chemical Corporation
Joliet, IL
Group IV: Thorium Processing Sites
Albany Metallurgical
12
Research Center
Clecon Metals, Inc.
17
26
W.R. Grace & Company
Iowa State University
28

Total Estimated
Volume of
Contaminated
Materialt2
1,800 m 3

23,000 m 3
Albany, OR
Cleveland, OH
Ju.tis Bay, MD
Ames, IA

Group V: Nuclear Weapons and/or Disposal Sites
8
Bayo Canyon
Los Alamos, NM
Berkeley, CA
10
University of California
Acid/Pueblo Canyon
11
Los Alamos, NM
13
Chupadera Mesa
White Sands, NM

4,000 m 3

Group VI: Miscellaneous
3
Shpack landfill
19
Palos Park Forest
Preserve
Watertown Arsenal
33

3,600 m 3

t1
t2

Norton, MA
Chicago, IL
Cambridge, MA

See Figure 1.1 for location according to ID number.
Based on data in Tables 1.1 and 1.2. Volumes not yet estimated for
all sites.

Table 1.5.

Potential Sources of Radioactivity at Each Group of FUSRAP Sitest 1

Potential
Sources of
Radioactivity

Group I
Ore/Concentrate Sites

Group II
Salt/Metal
Processing
Sites

Group III
Phosphoric Acid
Uranium Recovery
Sites

Group IV
Thorium Processing Sites

Group V
Nuclear Weapons
and/or Disposal
Sites

Group VI
Miscellaneous

Ore residue

Expected

Not expected

Not expected

Expected

Not expected

Expected

Concentrate
residue

Possible

Expected

Possible

Possible

Not expected

Not expected

Soil material

Expected

PossibleT2

Possible

Possible!2

Expected

Expected

Equipment

Possible

Expected

Expected

Expected

Not expected

Not expected

Structures

Possible

Expected

Expected

Expected

Not expected

Groundwater

Possible

Not expected

Possible

Not expected

Not expectedf

Surface water

Possible

Not expected

Possible

Not expected

Decontamination
solutions

Possible

Expected

Possible

Vegetation

Possible

Not expected

Possible

t

1

t2
t3

Not expected
3

Possible

M

Possible

Possible

°

Expected

Not expected

Not expected

Not expected

Possible

Possible

This table is based on generalized information of activities that were conducted at FUSRAP sites in these
six groups and the associated residual contamination. The potential sources of radioactivity at each
specific FUSRAP site would be evaluated on a site-specific basis prior to a determination of radiological
risks.
Minimal amount of soil material is expected to be contaminated.
Groundwater contamination not expected because these sites are located in arid regions.

1-11
REFERENCES (Section 1)
Keller, E.L. 1981. Analysis of Health Effects Associated with Low-Level
Radioactivity Present at FUSRAP Sites. Memorandum (Director, Technical
Services Division, Oak Ridge Operations, Oak Ridge, TN) dated October 26,
1981, to R.L. Rudolph (Bechtel National, Inc.), L. Roberts (Argonne
National Laboratory), and W. Hansen (Los Alamos National Laboratory.
Ramsey, R.W. 1981. Memorandum (Program Manager, Remedial Action Program,
Office of Nuclear Energy, U.S. Department of Energy) dated October 13,
1981, to S. Meyers.
U.S. Department of Energy. 1980a. A Background Report for the Formerly
Utilized Manhattan Engineer District/Atomic Energy Commission Sites
Program. DOE/EV-0097. Office of Environmental Compliance and Overview,
Environmental and Safety Engineering Division. September 1980.
U.S. Department of Energy. 1980b. Description of the Formerly Utilized
Sites Remedial Action Program. 0R0-777. Oak Ridge Operations, Oak
Ridge, TN. September 1980.
U.S. Department of Energy. 1981. Guidelines for Containment and Control of
FUSRAP Wastes. Oak Ridge Operations Office, Oak Ridge, TN. Feburary 1981.

2.

DESCRIPTION OF A PROPERTY-CLEANUP/INTERIM-STORAGE
REMEDIAL ACTION
John M. Peterson and Pamela Merry-Libby

2.1

PROPOSED ACTION

At some sites, a property-cleanup/interim-storage remedial action may be
taken. This action can be defined as the removal of radioactively contaminated
material (mainly soil material) from the formerly utilized site and various
properties in the vicinity of that site and movement of this material to a
centrally located area for storage. After a period of interim storage (assumed
to be 5-20 years), a decision will be made on the ultimate disposition of the
contaminated materials. Options for ultimate disposition include: removal to
a near-surface disposal facility, removal to an ocean disposal site, stabilization in-place at the interim-storage site, or no further action. If the
contaminated materials are later removed to another disposal site, the interimstorage site will have to be decontaminated and restored. The major activities
involved in a propprty-cleanup/interim-storage remedial action are illustrated
in Figure 2.1. The activities through the period of interim storage are
discussed in Section 2.2. Activities beyond that point are not part of a
property-cleanup/interim-storage remedial action and are not addressed in this
document.

PREPARE
INTERIM-STORAGE
SITE

I
REMOVE
CONTAMINATED
MATERIALS

Figure 2.1.

INTERIM
STORAGE
5 - 2 0 YEARS

TRANSPORT

DECISION
ON FUTURE
ACTION

Major Activities for a Property-Cleanup/Interim-Storage
Remedial Action.
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2.2 ACTIVITIES CHARACTERISTIC OF A PROPERTY-CLEANUP/INTERIM-STORAGE
REMEDIAL ACTION
The general nature of the material to be moved and the types of activities
involved in a property-cleanup/interim-storage remedial action would be similar
for many sites. Based on the information summarized in Section 1 regarding
the nature of the contaminated materials at the various FUSRAP sites and on
current engineering practices, many of the parameters associated with a propertycleanup/interim-storage project would be expected to fall within the ranges
given in Table 2.1. These ranges or typical values are used for purposes of
analysis in subsequent sections of this document.
The property-cleanup action is basically a soil material excavation and
backfill operation. It will also probably be necessary to remove and replace
some structures such as sidewalks, driveways, and fences to allow access to
contaminated materials and soil. Demolition (and possibly reconstruction) of
buildings may also occur.
In a property-cleanup/interim-storage remedial action, it is anticipated
that the contaminated materials would usually be stored in bulk on a specially
constructed facility such as a storage pad, a structure similar to a parking
lot. It is possible that the storage sits may also be contaminated. For
purposes of analysis in this document, the storage site would either be decontaminated prior to construction of the storage pad or an uncontaminated part
of the site would be used for the interim storage.
A property-cleanup/interim-storage remedial action would encompass the
following basic activities (see Figure 2.2):
• Preliminary activities.
• Preparation of the interim-storage site and construction of a
storage pad.
• Excavation and movement of the contaminated material to the
interim-storage aite.
• Removal and transport of uncontaminated debris to a local
landfill.
• Removal and transport of fill material from borrow sites to the
decontaminated areas followed by backfilling and restoration of
the decontaminated areas.
A description of the activities that are expected for a property-cleanup/
interim-storage remedial action follows. This description is not intended to
be a recommendation for the procedures to be implemented. Rather, it is meant
to be representative of the actions that would be taken and can be used to
estimate environmental impacts. Photographs of some of these activities, as
they were implemented at Middlesex, NJ, are reproduced in Appendix A.
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Table 2.1. Characteristics of a Property-Cleanup/Interim-Storage
Remedial Action
Description or Value
Characteristic

Typicalt1

Ranget'

Type of material to be removed

Mainly soil material, some
vegetation and miscellaneous
debris

Same

Volume of material to be
removed

8,000-60,000 m 3

30,000 m 3

Number of sites to be decontaminated under one action

1-2U

Depth of excavation

0.1-3.0 m

1.5 m

Area excavated

0.4-4.0 ha

2 ha

Mode of storage

In bulk or in containers on
storage pad or in a structure

In bulk on storage pad

Storage site area

0.4-2.0 ha

1 ha

Radioactive contamination

20-200 pCi/g U-238 and U-234
50-500 pCi/g Th-230 and
decay products

50 pCi/g U-238 and U-234
100 pCi/g Th-230 and decay
products

Radiation level (at 1 m
above surface)

0.01-1.0 mrem/h

Number of buildings requiring
demolition ?nd possibly
reconstruction

0-4 buildings

1 small building (e.g.,
garage) demolished and
reconstructed

Volume of backfill material

8,000-60,000 m 3

30,000 m 3

Volume of noncontaminated
material requiring disposal

800 to 6,000 m 3

3,000 m 3

Amount of concrete sidewalks
and driveways requiring
removal and replacement

100-1,000 m 2

500 m 2

Time to complete action

1-3 years

1 year

Interim storage period

5-20 years

20 years

Mode of transport

Truck or rail

Truck

0.2 to 8 km

1.6 km

1.6 to 32 km

8 km

Distance of Transport:
From contaminated properties
to storage site
From borrow site to decontaminated properties
t

1

0.1 mrem/h

These ranges or typical values are used for purposes of analysis in subsequent sections
of this document.
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BORROW AREA

GENERAL LANDFILL

Figure 2.2. Schematic of a Property-Cleanup/Interim-Storage Remedial Action.
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2.2.1

Preliminary Activities

Prior to initiating the remedial action, it is necessary to conduct
preliminary activities at the contaminated and/or interim-storage sites.
These activites include:
1. Prepare documentation to satisfy the requirements of the National
Environmental Policy Act (NEPA).
2. Obtain permission from affected property owners to perform the
remedial action.
3.

Perform additional radiological surveys to confirm the need for
action and to better estimate the amount and distribution of
material that should be excavated.

4.

Perform surveys to determine the presence of toxic chemical
substances where chemical contamination is suspected.

5. Perform a socioeconomic survey of the surrounding region.
6. Obtain federal, state, and local permits (e.g., open burning,
truck traffic on residential streets).
7.

Install environmental monitoring equipment (e.g., monitoring
wells and air samplers).

8. Construct any required access routes. This may require land
clearing, surface grading, and construction of temporary and/or
permanent roads.
9.

Install and/or disconnect appropriate utilities (e.g., electric,
water, sanitary, gas); install security devices (e.g., lights,
fencing); and construct any required temporary support facilities (e.g., trailers, parking lots) to expedite remedial actions,
ensure safety, and minimize inconvenience to the property
owners.

2.2.2 Construction of a Storage Pad
2.2.2.1 Design Criteria
A generalized drawing of a storage pad is shown in Figure 2.3. The pad
would be constructed using standard construction procedures. The specific
design requirements for such a storage pad would be dependent upon sitespecific parameters (e.g., hydrology, meteorology, soil material). Possible
design criteria for such a storage pad include:
• Separate storage areas for contaminated soil material and for
organic and inorganic debris to facilitate future removal for
disposal.
• A barrier to prevent mixing of contaminated material with the
underlying strata.
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• A collection basin for precipitation falling on or seeping
through stored material.
• An area for washing down (decontaminating) trucks and related
earth-moving equipment.
Additional requirements or desirable features would include:
• Useful life of 20 years at minimum expense and constructed so
it can be readily demolished with earth-moving equipment.
• Impervious surface (perhaps a required minimum permeability
would be a better specification) to minimize seepage into
underlying strata.
• Abovegrade construction or drainage systems to divert overland
runoff from the storage pad area.
• Underdrain systems to collect, monitor, store, and discharge
any contaminated leachate generated within the storage pad
area.

Bituminus
Poving

Waterproof
Membrane

Pad
Perimeter
Drainage
Trench

Curb

1

Monitoring
Well

Figure 2.3.

External
/Drainage
Trench

Perforated Drainage Tiles

Schematic Drawing of a Storage Pad.

Additional specifications could include equipment load capacity, minimum
proximity to site boundaries, security requirements, interim-storage pile
covering, maximum interim-storage pile height, access, lighting, and extent of
monitoring.
A storage pad would probably not be required if a suitable disposal site
were identified and available for immediate use. Also, a storage pad would
not be required if there were other storage alternatives available. For
purposes of analysis in this document, a storage pad is assumed to be required.
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2.2.2.2 Activities Involved in Storage Pad Construction
The basic steps involved in constructing sucli a storage pad are listed
below. This list is not meant to be all-inclusive but rather indicative of
the steps involved.
1.

Remove and dispose of uncontaminated vegetation and miscellaneous uncontaminated debris on the storage pad site. The
uncontaminated vegetation could be chipped or burned and the
uncontaminated debris disposed in a local landfill. Contaminated vegetation and debris would be removed and temporarily
stored until the storage pad was constructed. Following construction of the storage pad, these contaminated materials
would be transported to the storage pad for interim storage.

2.

Remove soil and unsuitable subgrade material and establish
subgrade elevation. This might require excavation or addition
of fill, depending upon topography. If fill material is required,
it would be compacted to the density necessary to support the
imposed earth and equipment loads. An external drainage trench
to divert runoff around the pad area might also be constructed
at this time.

3.

Install a subsurface drainage system beneath the storage pad,
consisting of perforated drainage tiles sloping to a sump (see
Figure 2.4). This system would allow for detection and collection of any contaminated leachate seepage from the stored
materials. A clay liner could be installed under the drainage
tiles to improve water collection, if required. Water collected
by this system would flow into a settling basin where it would
be monitored and treated if contaminated prior to discharge.

4.

Install a curb similar to that used for road construction
around the edge of the storage pad. The curb would provide a
means for separating runoff generated by precipitation that
falls on the storage pad from overland runoff from the rest of
the site.

5.

Install a base of compacted porous material (such as crushed
limestone). This base would provide structural support for the
bituminous paving and allow seepage to be conveyed to the
subsurface drainage system where it could be collected and
monitored for contamination.

6.

Install bituminous paving in conjunction with the construction
of the pad perimeter drainage trench for runoff water collection.
Water collected by this trench would flow into a settling basin
where it would be monitored and, if contaminated, treated prior
to discharge.

7.

Construct a separate area contiguous to the storage pad for
decontaminating equipment (equipment would be decontaminated
with water sprays; the resulting contaminated water would flow
into the pad perimeter drainage trench). Water collected by
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this trench would flow into a settling basin where it would be
monitored and, if contaminated, treated prior to discharge.
8.

Apply a waterproof membrane over the bituminous paving, possibly
extending through the pad perimeter drainage trench, to minimize
seepage into the asphalt.

9.

Revegetate any of the disturbed areas around the storage pad.

10.

Install security measures (e.g., fence, lights, warning signs)
around the area.

Curb

Subsurface
Drainage
System

Equipment
Jecontomination
Area

Figure 2.4.

Pad Perimeter
Drainage Trench

Internal Drainage System of
a Storage Pad.
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In cases where the storage pad would be constructed at an existing industrial facility, the first step and parts of other steps might not be necessary.
In addition, a subsurface drainage system might not be required, depending
upon local conditions (e.g., location of water table, local precipitation
patterns).
2.2.3

Excavation and Movement of Contaminated Material to
Storage Pad and Related Activities

The contaminated material in the areas to be decontaminated would be
excavated and moved to the storage pad area following construction of the
storage pad. Areas requiring remedial action would generally be a mixture of
commercial, industrial, residential, and vacant properties. For many propertycleanup remedial actions, the contaminated material would be mainly soil
material. However, it might be necessary to raze structures that were either
built on contaminated soil or that were contaminated themselves. Most of the
material from such structures, as well as cleared vegetation, would generally
be nonradioactive and could be recycled or disposed in a local landfill. All
material would be monitored prior to release for recycling or disposal as
nonradioactive debris. If some of this material were contaminated above
guidelines, it would be stored on the storage pad, possibly segregated from
the soil material. Access to the contaminated properties may be temporarily
restricted during remedial action.
The steps involved in cleanup (decontamination) of a property are:
1.

Remove and dispose of uncontaminated vegetation and any miscellaneous uncontaminated debris. The uncontaminated vegetation
could be chipped or burned and the uncontaminated debris disposed in a local landfill. Contaminated vegetation and debris
would be transported to the storage pad for interim storage.

2.

Remove the top layer of contaminated soil material and transport
by truck to the storage pad.

3. Unload the contaminated soil at the storage pad. A bulldozer
could be used to level and compact the soil material on the
storage pile. If severe weather or delays were anticipated, a
storage pile covering would be available for temporary use.
4.

If necessary, decontaminate the trucks on the decontamination
pad with water sprays.

5.

Perform a radiological survey of the area that has been excavated to determine if it is necessary to remove additional
material.

6.

Remove the next layer of contaminated soil material and transport
to the storage pad.

7.

Unload the contaminated soil material at the storage pad.

8.

Decontaminate the truck.
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9.

2.2.4

Resurvey.

10.

Repeat Steps 6 through 9 until all of the contaminated soil
material is removed.

11.

If necessary, add a 0.3-m (1-ft) layer of clean (uncontaminated)
soil material over the contaminated materials stored on the pad
to reduce radon-222 release.

12.

Cover the pile of contaminated material with a high-integrity
covering (e.g., a synthetic rubber membrane) and secure.

13.

Backfill the excavated areas with clean (uncontaminated) soil
material from a borrow site and compact. Although in some
cases a special borrow site might be needed to supply the fill
material, in most cases existing commercial supplies (primarily
excess materials from other construction projects) would be
more than adequate to supply the amount of backfill needed for
this type of action.

14.

Revegetate with sod, bushes, and trees as required by the
property owner or to make the property suitable for its
intended future use.

15.

Remove any temporary supports or facilities that were constructed.

16.

Repair any damage that might have occurred (e.g., driveways,
roads, fences, sidewalks).

Interim-Storage Period

During interim storage, the storage site would be monitored and maintained
to ensure that the contaminated material remained confined to the storage pad.
These procedures can be broken down as follows:
1. Administrative controls—including control of site access,
coordination of surveillance and maintenance activities, control
of onsite land-use and property-development activities, and
performance of necessary records maintenance.
2.

Environmental surveillance—including collection and analysis
of environmental samples and maintenance of records.

3. Site maintenance--including maintenance and repair of the
storage pad, interim-storage pile covering, fences, gates, and
monitoring systems; erosion and surface water control systems;
and vegetation management.
4.

Site security--including all measures necessary to guard the
interim-storage site from unauthorized entry. In general, the
site would require only minimal security (e.g., periodic surveillance during daylight hours). It probably would not be necessary
to have continuous (e.g., round-the-clock) security and surveillance of the site.
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2.2.5

Mitigation Measures

Since the intent of FUSRAP is to reduce potential health risks from
exposure to radioactivity, the action itself can be considered mitigative.
Generally, during construction actions, certain standard procedures are implemented for reducing or controlling emissions such as dust and noise. It is
anticipated that while the earth-moving activities associated with decontamination and transport of materials were carried out, the materials would be
periodically watered to control fugitive dusting. Noise and combustion exhaust
emissions would generally be controlled by utilizing equipment with the appropriate muffling and emission-reduction devices. FUSRAP decontamination and
storage activities are also expected to incorporate standard, constructionindustry safety practices in carrying out any action. For the most part, the
impacts estimated for representative activities in subsequent sections of this
report assume that these standard operating practices would be part of the
planned activities.
The FUSRAP wastes generally contain low concentrations of uranium-238 and
thorium-232 decay series nuclides. The external radiation levels are low
(typically less than 1 mrem/h) and, therefore, would not be a major concern of
a health-physics program. Since many of the radioactive species present are
long-lived alpha-emitting nuclides, the most important concern would be
adequate control over the possible spread of contamination. Mechanisms by
which contamination could be spread include dispersal by wind, transport by
vehicles, and tracking by shoes, gloves, and clothing. Health physics practices at FUSRAP sites would include dust control; monitoring of vehicles
leaving the site with appropriate detectors (including alpha detectors) and
decontamination, if necessary; and instructions to workers on methods to
prevent spread of contamination. For workers, the necessity for use of
coveralls, gloves, masks, and "booties" would be carefully reviewed and, if
necessary, these protective devices would be utilized. A bioassay program
would also be implemented to monitor workers and ensure that the uptake of
radionuclides by workers was kept as low as reasonably achievable (ALARA) and
below health protection limits. Clothing and materials that become contaminated as a result of the health-physics program would be decontaminated if
possible or disposed as low-level radioactive wastes.
Additional mitigative measures that may need to be applied on a sitespecific basis to reduce or control potential adverse impacts are presented in
Sections 3, 4, and 5.
2.3

EQUIPMENT, WORK FORCE, AND RESOURCE REQUIREMENTS

The estimated major equipment requirements for the construction/cleanup
phase of a property-cleanup/interim-storage remedial action are shown in
Table 2.2. The ranges given cover the expected ranges of materials requiring
excavation (see Table 2.1). These estimates are based on the activities
previously described using information from Means (1980) and onsite observations of Phase II of the property-cleanup/interim-storage remedial action at
Middlesex, NJ, conducted in 1981.
The expected worker requirements for the various activities (Table 2.3)
were estimated on the same basis as the equipment requirements—i.e., based on
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Table 2.2.

Equipmentf1
Air compressor
Backhoe (2)
Concrete truck
Dozer
Generator
Grader
Jack hammer (2)
Front-end loader
(2)
Paver
Roller
Chain saw (2)
Hydro-axe
Dump truck (4-8)
Chipping machine

Equipmentt

1

Air compressor
Backhoe (2)
Concrete truck
Dozer
Generator
Grader
Jack hammer (2)
Front-end loader
(2)
Paver
Roller
Chain saw (2)
Hydro-axe
Dump truck (4-8)
Chipping machine
t*

Equipment Requirements in Equivalent 8-Hour Workdays
for the Construction/Decontamination Phase
Equipment Required per Activity
Land Clearing
and Grubbinq
Excavation
Borrow
Storage
Contain.
Storage Pad
Contain.
Properties
Site
Pad Site
Construction
Properties
1
-

1-5
-

10
1
5
2
10
2
-

4
10-100
4

10-100
-

2
1
1
1
1

2-10
1-5
1-10
1-10
1-5

_

6
-

10-100
-

Movement of
Contaminated
Material

6-10
6-10
10
-

Equipment Required per Activity
Cleanup and Restoration
Movement o c
Fill and
Storage
Decontam.
Borrow
Backfill inig
Pad Site
Properties
Site

10
1
10-100
10
-

10-100
2-20
-

2
2
-

8
-

1
-

10-100
-

10-100
-

2
2
-

1
2
-

-

Numbers in parentheses indicate the number of equipment units required.
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Table 2.3.

Worker Requirements for a Remedial Action

Worker Requirements (person-workdays)
Onsite
Management/
Clerical

Activity

Skilled
Laborers

Unskilled
Laborers

Monitoring

10

10

10

Construction/Decontamination
Land clearing and grubbing:
10

Storage pad site
1

10-40

20-50

20-50

10-40

40

70

60

40

Contaminated propertiest1

50-260

60-340

50-260

50-260

Borrow site

30-240

40-320

20-160

Movement of contaminated
material!1

30-240

60-480

30-240

30-240

Movement of fill and backfilling

30-240

100-800

30-240

20-160

Contaminated propertiest
Storage pad construction
Excavation:

0

Cleanup and restoration:
Storage pad sitef1

30

10

80

10

Decontaminated propertiest1

30

50

80

10

3

2

1

0

100

0

0

0

0

0

0

3000

Site maintenancet

0

500

300

0

Site securityt1

0

0

300

0

Borrow site
Interim Storage for 20 Years
Administration
1

Environmental surveillancet
1

t1

Activities that entail radiation exposure of personnel; in cases where a
range is given, the upper value is used for computation of occupational
radiation doses.
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information from Means (1980) and observations of Phase II of the remedial
action at Middlesex, NJ. There will, of course, be some variation from the
numbers given in the table on a site-specific basis because of differences in
subcontractors, duration of activities, state and local monitoring requirements,
and local labor availability. The number of workers that would be involved at
any one time would be expected to be in the range shown in Table 2.4.
Completion of remedial actions such as described in this section will
consume various resources such as concrete and other construction materials,
water, electricity, and petroleum fuels. The expected resource requirements
are given in Table 2.5.
The time required for completion of a property-cleanup/interim-storage
remedial action would be dependent upon the size of the project, access,
weather conditions, type of soil material, local labor availability, level of
contamination, certification requirements, and funding. Such a remedial
action could take as little as six months (one summer) or as long as three
successive summers to complete.
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Table 2.4.

Work Force for a Remedial Action

Onsite/
Management
Clerical

Activity

Skilled
Laborers

Unskilled
Laborers

Monitoring

Total

13-60

Construction/Decontaminationt1
Range

3-10

3-20

4-15

3-15

5

10

10

10

35

0-2

0-5

0-5

0-10

0-22

1

2

2

Representative

Interim Storage for 20 yearsf2
Range
Representative

5

10

t1

Number of workers onsite at any one time.

t2

Number of workers onsite during maintenance and monitoring activities.
During most of the year there would be no one (or one security guard)
onsite.

Table 2.5.

Representative Resource Requirements for a Remedial Action

Category

Construct!' on/Decontami nati on

Interim Storage
for 20 Years

600 - 4,000 m 3

200 m 3

Backfill material

7,000 - 54,000 m 3

700 m 3

Soil

1,000 - 6,00G m 3

100 m 3

50 - 300 m 3

10 m 3

Gravel

Concrete/cement
Diesel fuel and gasoline

20,000 - 200,000 liters

2,000 liters

Electricity

10,000 - 100,000 kWh

1 x 10 5 kWh

Water

10 6 - 10 7 liters

Asphalt

300 - 2,000 m 3

Pile cover
Steel

2,000 - 10,000 m 2
20 m 3

4 x 10 6 liters
100 m 3
200 m 2
2 m3
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3.

PHYSICAL AND BIOLOGICAL PATHWAYS AND IMPACTS
Lars F. Soholt and Margery C. Bynoe

3.1

INTRODUCTION

The goal of a property-cleanup/interim-storage remedial action is to
reduce the risk to human healtn and welfare of exposure to radioactive materials (Section 1). To assess this risk, it is necessary to identify pathways
for human exposure. The activities associated with a remedial action also
have the potential for inducing physical and biological impacts. The intent
of this section is to provide an introduction to and general assessment of
these physical and biological pathways and impacts (Table 3.1).

Table 3.1. Matrix of Biological/Physical Environmental Effects Associated with
Property-Cleanup/Interim-Storage Activities!'

Affected Resources
Atmospheric
Acoustic
Geologic
Soil
Water
Biologic
Health/Safety
t1
t2

Noise

Engine
Exhaust
+

Environmental Impact Generators
Fugitive
Soil
Uncontrolled Controlled
Dustf2
Losst2 Discharge!2
Discharge

Seepage

+

+

+
+

+
+

+
+
+
+

+
+

+
+
+

+
+
+

+
+
+

A plus indicates that a resource may be affected by a given impact generator.
Soil loss here refers to the mobilization of soil material from the place of origin by
entrainment in wind (leading to fugitive dust) or in runoff (leading to uncontrolled
discharges of material.)

The reader should note that impacts discussed in this section interact
with those discussed elsewhere, and cross-referencing has been used where
appropriate. Fugitive dusting, water erosion, and seepage of contaminated
materials contribute to the radiological exposure of people in the vicinity of
the cleanup and storage site (Sections 4.3 and 4.4). The potential physical
and biological effects of remedial activities also are important factors in
the perceptions of the public in relation to the proposed action (Section 5.2).

3-1

3-2
This discussion of the physical and biological impacts from cleanup/
storage activities contains three components:
• Description of potential impacts.
• Evaluation of impacts from representative activities.
• Description of mitigation options that may be implemented to
reduce the magnitude of impacts.
The impacts associated with representative cleanup/storage activities are
derived from experience with similar activities such as building and road
construction and industrial waste storage. Thus, estimates of the magnitudes
of impact generators incorporate mitigative factors that are typically used in
these activities. The mitigation options discussed herein will generally be
added onto these typical practices.
In evaluating the impacts of cleanup/storage actions, the representative
descriptions in Section 2 were used as the basis for estimating the magnitude
of the impact generators listed in Table 3.1. Available information from the
literature was used to calculate values for impact generators from the representative data in Tables 2.1 through 2.5. Where possible, the evaluation of
impacts from representative activities is placed into perspective with impacts
from other activities in the region of FUSRAP sites. Because site-specific
data are incomplete, the evaluation for each FUSRAP site will have to determine
the degree of applicability of the representative analysis to that site.
However, the approaches taken here will generally be those used in the analysis of site-specific situations. The extent of the required analysis will be
dependent upon the exact nature of a proposed remedial action. Therefore, not
all situations will call for all of the analyses outlined in this section.
3.2

ATMOSPHERIC RESOURCES

Storage and cleanup activities will generate a variety of materials that
become suspended in the air. The magnitude of the emissions that can be
expected from fugitive dusting and exhaust generation during representative
remedial activities has been estimated based on data from studies that quantify
the rates of such emissions from other similar operations. The results of
analysis indicate that emissions to the air from remedial activities could be
major contributors to the atmospheric pollutant load in the immediate FUSRAP
site vicinity. The consequences of these additions will be dependent upon the
magnitude and variability of a site's air quality, duration of remedial activities, and nature of other activities in the site vicinity.
3.2.1

Sources and Nature of Atmospheric Emissions

All construction operations result in releases of material to the atmosphere. These materials are generated by the disturbance of soils from earthmoving activities and vehicular movement (fugitive or uncontrolled emissions)
and by internal combustion engines (controlled emissions). These sources of
atmospheric contaminants are more widespread in nature than the products of a
point source, such as a flue stack. Because of this, many of the factors
driving dispersal of these atmospheric contaminants differ in magnitude from
those driving dispersal of point-source emissions.
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It is expected that fugitive dust will form a large percentage of the
atmospheric-emissions load from a remedial action. During a remedial action,
fugitive dust will arise from:
1. Disturbance and entrainment of soil material due to excavation
and backfilling at the contaminated site, and at borrow and
storage sites.
2. Wind-induced entrainment and erosion from exposed surfaces.
3.

Entrainment of particles due to vehicular activity on unimproved surfaces such as dirt haul roads.

4.

Entrainment of particles from exposed surfaces of wastes being
hauled from the decontaminated or borrow sites.

At a remedial action site, the nature of the fugitive dust will be similar to
other materials entrained into the atmosphere by wind and human disturbance of
local soils. Additionally, radionuclides may be entrained and dispersed in
fugitive dust from FUSRAP activities (see Section 4.3). It is expected that
other trace elements or heavy metals in these entrained dusts will not differ
greatly from those found in the local soils, because the activities at most
formerly utilized sites did not result in nonradionuclide, heavy-metal enrichment of the local soils.
The second major source of atmospheric contamination arises from emissions
from internal combustion engines associated with equipment at the contaminated
site, and at borrow and storage sites. Emissions from internal combustion
engines include: carbon monoxide (CO), nitrogen oxides (NOx measured as N 0 2 ) ,
hydrocarbons (HC), sulfur oxides (SOx measured as S 0 2 ) , particulates (TSP),
aldehydes (measured as HCHO), and organic acids (RCOOH). The amounts and
composition of emissions are functions of equipment type (e.g., truck, loader,
or dozer), type of fuel consumed (diesel or gasoline), and the time expended
by each piece of equipment in supporting a remedial action.
3.2.2

Assessing Impacts

3.2.2.1 Quantifying Emissions
Fugitive Dusting from Roads. Both paved and unpaved roads are sources of
fugitive dust (U.S. Environ. Prot. Agency 1977a, 1977b). Particles of dust
are disturbed by rolling wheels and entrained in the air turbulence of passing
vehicles.
The fugitive dust generated by travel on paved roads is estimated to be
from 0.6 to 12 g/km (0.002 to 0.03 lb/mi) traveled, an average of 4 g/km
(0.01 Ib/mi) (U.S. Environ. Prot. Agency 1977a). This can be adjusted to:
FE = 0.004 x (365 - W)/265

(3.1)

where FE is fugitive emissions in kg/km and W is the mean number of days with
precipitation 0.25 mm or more (Figure 3.1). This adjustment accounts for
regional differences in average rainfall which reduces the tendency for particles to be transported by wind. The equation assumes an average W of 100 for
average emissions of 0.004 kg/km.

120

-210

MILES

Figure 3.1. Mean Number of Days (W) with 0.25 mm (0.01 in.) or More of Precipitation in
the United States. Source: U.S. Environmental Protection Agency (1977a).
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Nationwide, travel on unpaved roads entrains 40 times the amount of
fugitive dust produced by travel on paved roads (Cooper et al. 1979), and it
is expected that unpaved roads will be the major source of dust at contaminated
and interim-storage sites. In the typical speed ranges of vehicles on unpaved
roads, fugitive emissions are directly proportional to vehicle speed (U.S.
Environ. Prot. Agency 1977a, 1977b). In addition, dust entrainment is directly
related to the fraction of particles < 75 (jm in diameter found in the road
surface material. This fraction is about 0.12 for gravel. For dirt roads,
this fraction approximates the proportion of "silt" found in the parent soil
of the area; the fraction of surface material < 75 urn in diameter is often
referred to as the "silt fraction" by highway engineers. The silt fraction of
road surface material is defined as that which passes through a 200-mesh
screen. It is not equivalent to the silt fraction of soil (diameters ranging
from 1 to 50 urn) as defined by the U.S. Department of Agriculture and used by
soil scientists (Brady 1974).
The U.S. Environmenta* Protection Agency (1977b) provides the following
method for calculating fugitive emissions (FE) from unpaved roads (± 20%):
FE = (0.23 S) x (V/48) x (365 - W) •=- 365

(3.2)

where:
S = silt content of surface materials in percent (particles
< 75 urn in diameter);
V = average vehicle speed, km/h; and
W = mean number of days with precipitation 0.25 mm or more.
This equation is valid for vehicle speeds between 48 and 80 km/h.
48 km/h, FE approximates a function of the square of vehicle speed:
FE = (0.0048 S) x (V2/48) x (365 - W) -^ 365

Below
(3.3)

Therefore, fugitive dust emissions increase more rapidly as speeds increase to
48 km/h than as speeds increase above 48 km/h.

Particles < 30 urn in diameter (forming about 60% of FE) may remain indefinitely suspended in the air mass, whereas larger particles settle out of the
air column within several hundred meters of the site of generation (U.S. Environ
Prot. Agency 1977a, 1977b).
For quantifying the expected fugitive dust emissions from road traffic
supporting a property-cleanup/interim-storage action, Equations 3.1 through 3.3
can be multiplied by the travel distances anticipated for a proposed action.
Fugitive Dust from Storage Piles. Dust entrainment from an active,
unwatered storage pile area occurs as a result of four major activities
(U.S. Environ. Prot. Agency 1977a, 1977b) with the following approximate
contributions to dust in the atmosphere:
Loading onto piles
Equipment and vehicle
movement in storage area
Wind erosion
Unloading from piles

10%
40%
35%
15%
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Although the relative contributions from these activities may vary for storage
of different materials or for specific storage area configurations, the same
activities are probably the major dust sources for most types of open storage.
However, the interim-storage piles will not have contributions from unloading
activities (Section 2.2).
Emission rates are dependent on the turnover rate for a storage pile,
methods for adding and removing material, pile configuration, and amount of
wind erosion. Typical values derived from a wide range of open storage operations are summarized in Table 3.2. The following correction factor can be
used to adjust the emissions rates in Table 3.2 for interim storage in different geographic areas: 0.85/(PE/100) 2 , where PE is the annual precipitationevaporation (PE) index. The PE index is an indicator of average surface
moisture. Figure 3.2 is a national map showing PE values for all parts of the
country. The factor 0.85 is an adjustment for the lack of unloading activities
in a representative FUSRAP interim-storage pile.

Table 3.2. Typical Emissions Factors for
Open Storage Operations

Activity Rating

Emissions Factort1
By Mass
By Area
2
kg/1000 m
kg/1000 kg
of
placed
in storage
storage/day

Activet2

1.5

0.20

Inactive
(wind erosion only)

0.5

0.055

Normal mixt 3

1.0

0.15

f1

Based upon limited data and engineering
judgment.
t 2 Eight to 12 hours of activity per 24-hour
period.
3
f
Five active days per week.
Source: U.S. Environmental Protection Agency
(1977a, 1977b).

Fugitive Dust from Construction Activities. Based on field sampling at
many construction sites, a typical emission rate of 90 kg/ha-d (1.2 tons/
acre-month) has been estimated by U.S. Environmental Protection Agency (1977a,
1977b). This value is for projects with: (1) medium activity, (2) silt
content (particles < 75 urn) -\> 30%, and (3) PE -v 50.

GO
I

Figure 3.2. Map of Thornwaite's Precipitation-Evaporation (PE) Index Values
for State Climatic Divisions. Source: U.S. Environmental Protection Agency (1977c).
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If one assumes a relationship analogous to dust emissions from agricultural tilling, a more site-specific estimate of fugitive emissions (FE) may be
obtained:
FE (kg/ha-d) = 90 x S/30 f (PE/50) 2

(3.4)

where S is the silt content and PE is the precipitation-evaporation index
(Figure 3.2).
Exhaust Emissions. Emissions factors for internal combustion engines, as
compiled by the U.S. Environmental Protection Agency (1977a), are presented in
Table 3.3. These generalized numbers are sufficient for the analysis required
for most proposed cleanup/storage actions. More detailed analyses require
further information on the manner in which equipment will be operated, and are
generally too detailed for FUSRAP activities.

Table 3.3. Emissions Factors for Heavy-Duty, Diesel-Powered
Construction Equipment Used at a Representative
Remedial Action Site

Equipment1!"2
Air compressor
Backhoe
Concrete truck
Dozer
Generator
Grader
Loader
Paver
Roller
Hydro-axe
Dump truck
Chipping machine
t1
t2

Carbon
Monoxide
190
250
610
180
190
100
250
190
85
190
610
190

Emissions Factor (g/fOt1
Hydro- Nitrogen Sulfur
carbons
Oxides
Oxides
70
85
200
50
70
25
85
70
25
70
200
70

1000
1100
3500
660
1000
480
1100
1000
470
1000
3500
1000

65
80
210
60
65
40
80
65
30
65
210
65

Data from U.S. Environmental Protection Agency (1977a).
From Table 2.2.

Particulates
65
80
120
50
65
30
80
65

25
65
120
65
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3.2.2.2 Standards and Regulations
There are currently no federal source-performance standards for sources
of fugitive emissions. Federal air quality standards have been established
for total suspended particulates as follows:
Primary Standard
Annual
24-h
Mean
Maximum
75 ug/m2
260 pg/m3

Secondary Standard
Annual
24-h
Mean
Maximum
60 ng/m 3
150 ug/m 3

Activities must, unless exempted, avoid contributions of fugitive dust that
will lead to local air quality in violation of these standards. Many local
ordinances specifically exempt construction activities of limited duration
from meeting local air quality requirements.
All states have vehicle emissions standards, some of which are more
stringent than federal requirements. Operation of equipment must comply with
local standards. Information on these standards may be obtained from state or
local air resource officials. See also Section 5.8 of this report.
3.2.2.3 Evaluating Impacts of a Representative Remedial Action
Estimating fugitive dust from representative cleanup/storage actions
requires the following relevant information: areas of decontamination and
storage sites, and travel distances (Table 2.1). For fugitive dusting at
storage sites, the areas involved were coupled with the estimates presented in
Table 3.2 and adjusted for potential evaporation as described in Table 3.4.
For cleanup sites, the areas involved were entered into Equation 3.4 and
estimated fugitive dust emissions were calculated (Table 3.4). Fugitive dust
from vehicular transport of materials was estimated from Equations 3.1 and 3.2
using distances traveled (Table 3.5). Distances traveled were calculated
using data from Table 2.1 for transport of contaminated wastes along unpaved
roads and of fill material along paved roads.
Distance traveled for waste transport was calculated as:
600 to 800 m 3 moved per day -=- (12-yd3 truck x 0.76 m 3 per yd 3 )
= 66 to 88 trips per day
66 to 88 trips per day x 3.2 km per round trip
= 210 to 280 km traveled per day
Distance traveled for fill transport was calculated as:
66 to 88 trips per day x 16 km per round trip
= 1050 to 1400 km traveled per day
Most of the fugitive dust emissions from remedial actions are expected to
be associated with transport of material along unpaved roads (Table 3.5).
Uncontrolled fugitive dust emissions are estimated to be in excess of 1000 kg
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Table 3.4.

Estimated Fugitive Dust Associated with
Representative Cleanup/Storage
Remedial Actions
Dust (kfl/d)
Southwest
Northeast

Areat1
(ha)
Storage areat2

0.4-2

0.1-0.7

0.02-0.08

Cleanup sitet3

0.4-4

40-360

4-40

t1
t2
t3

From Table 2.1.
Based upon Table 3.2; adjusted for PE of 50 in
the southwestern United States and 150 in the
northeastern United States.
Calculated from Equation 3.4 and the area of the
site—assuming a PE of 50 in the southwestern
United States, a PE of 150 in the northwestern
United States, and a silt content of 30% in
both cases.

Table 3.5. Estimated Fugitive Dust from Vehicular
Activity at Representative Cleanup/Storage
Remedial Actions
Distance
Material Transported

(km/d)

Fugitive Dust (kg/d)
Southwest
Northeast

Waste (unpaved road)t1

210-280

1000-1400

850-1100

1050-1400

4-6

3-5

Fill (paved road)t2
t1
t2

From Equation 3.1, assuming
average silt of 30%, W = 90
States, and W = 150 for the
From Equation 3.1, assuming
average silt of 30%.

averege speed of 48 km/h,
for the southwestern United
northeastern United States.
average speed of 48 km/h and
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per day, with higher rates of dust production at southwestern sites. A 1978
report of the U.S. Environmental Protection Agency provides data on area
emissions of particulates (fugitive dust) from other sources. These rates
range from 10 kg/km2-d (60 Ib/mi2-d) in the vicinity of the southwestern sites
to over 200 kg/km2-d (1140 Ib/mi2«d) for northeastern sites. Thus, without
proper mitigation efforts, rates of fugitive dusting from of a remedial actioi
(Tables 3.4 and 3.5) could be substantially above the average for emissions
from other sources in the vicinity of the action. This condition would persis
for the duration of the cleanup period, 120 to 360 working days. Depending
upon the actual rate of dust generation by other sources in the vicinity,
uncontrolled dust from the remedial activities could be unacceptable to the
surrounding population (see Section 5.2).
The emissions from internal combustion engines used at a representative
remedial action site are summarized in Table 3.6. Data for emissions from
representative remedial activities were derived from the time and equipment
estimates of Table 2.2 and the emissions values of Table 3.3.

Table 3.6.

Summary of Emissions from Equipment Used in
Representative Remedial Actions

Carbon
Monoxide
Land clearing and grubbing:
Storage pad site
Contaminated properties

Emissions (kg/d)
Hydro- Nitrogen
Sulfur
carbons
Oxides
Oxides

10
8-12

3
3-4

56
42-65

5

7-8

5-7
5-7

Movement soil/unloading
at storage pad
Movement of fill and
backfilling

Storage pad
construction
Excavation:
Contaminated properties
Borrow site

Cleaning up:
Storage pad site
Decontaminated properties
Borrow site

4

PartiCL
lates

2-4

3
2-3

130

8

5

2
2

24-31
23-29

2
2

2
2

24-51

7-16

133-289

8-18

5-10

24-51

7-19

118-288

7-17

4-10

5
8
1

2
3
0.5

29
48
5

2
3
0.5

1
2
0.5
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To compare the emissions estimates for remedial activities with those
from other sources, average regional emissions from other sources were derived
from data of the U.S. Environmental Protection Agency (1980) (Table 3.7).
With the exception of nitrogen oxides, emissions anticipated for remedial
activities are on the order of one-tenth to one-hundredth of the average
emissions in the urban northeastern United States where most FUSRAP sites are
located. However, for nitrogen oxides and for the few sites in the rural
southwestern United States, the contributions of emissions from remedial
activities are expected to be of the same order of magnitude as average background levels. In these cases, remedial actions could 2be major contributors
to air quality degradation in the site vicinity (1-2 km ) for the duration of
the activities (120 to 360 working days; Section 2.3).

Table 3.7. Average Emissions Densities in Predominantly
Rural and Urban Regions of the United Statest1

Carbon
Monoxide
Rural
Urban

13
300

Emissions (kg/km2 •d)
Nitrogen
Sulfur
HydroOxides
Oxides
carbons
1
29

1
21

3
36

Particulates
8
50

t1

Rural = western mountain and northern plains states.
Urban = New York and New Jersey.
Source: U.S. Environmental Protection Agency (1980).

The consequences of additions of atmospheric emissions from remedial
actions are a result of their relative contribution to the degradation of
health and welfare of the surrounding community. In general, the emissions
are unlikely to be of sufficient magnitude to be toxic hazards for humans or
other biota (see Sections 3.6 and 3.7). If action-related emissions at a
given site are perceptibly above the norm for general activity in the area,
either in magnitude or temporal pattern, there may be social impacts (see
Section 5.2).
3.2.3 Mitigation Options
The primary control mechanism for reducing entrainment of fugitive particles is the wetting of surface materials with water or other chemicals in
order to increase the adhesion of surface particles. Regular watering can
reduce the dust load from construction sites and storage piles by as much as
40-50% (U.S. Environ. Prot. Agency 1977b). Use of other chemical wetting
agents can increase this reduction to 90% at storage piles and 80% at inactive
portions of a property-cleanup site. Use of wetting agents on the active
portions of a site is not as effective because of the continuing disturbance
of surface materials by equipment as the action progresses.
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Atmospheric entrainment of surface particles may also be reduced by
covering a storage pile or inactive area. Cover materials may range from
plastic sheets to mulch or established vegetation. The former is most practical for temporary reduction in wind erosion whereas revegetation is preferred for long-term control. Wind erosion would be reduced by approximately
that proportion of the time in which the cover is in place.
Control of fugitive dust from unpaved roads is often carried out by
watering down the roadway at regular intervals. More permanent control may be
achieved by implementing the control measures outlined in Table 3.8.

Table 3.8.

Control Methods for Unpaved Roads

Control Method
Paving
Treating surface with
penetrating chemicals
Working soil stabilizing
chemicals into roadbed
Speed control")"1:
48 km/h
32 km/h
24 km/h

Approximate Control
Efficiency (%)
85
50
50
25
65
80

t1

Based on the assumption that "uncontrolled" speed is typically 54 km/h. Between 48-80 km/h emissions are linearly
proportional to vehicle speed. Below 48 km/h, emissions
appear to be proportional to the square of the vehicle
speed.
Source: U.S. Environmental Protection Agency (1977b).

The most practical method for reducing emissions from internal combustion
engines is to operate equipment in an optimal manner and maintain it in proper
operating condition such that maximum work is obtained with as infrequent
operation of equipment as possible.
3.3

ACOUSTIC ENVIRONMENT

Activities of earth-moving and transportation equipment at cleanup/storage
sites will result in the generation of noise. The amount of noise generated
can be estimated from known emission levels for equipment that will be used in
remedial activities. Total noise emissions can be estimated by accumulating

3-14
sound emissions in accordance with the fraction of time the equipment is in
operation. Levels can be combined if one bears in mind that sound levels are
expressed on a logarithmic scale and may not be added directly. Noise from
representative remedial activities will be perceptible above background levels
at all sites except those located in the noisiest environs [> 60 dB(A)]. The
acceptability of this increased noise will be determined by the environment in
which the activities take place.
3.3.1

Sources and Nature of Noise

Noise is generally defined as loud, chaotic, and undesirable sound.
Sound waves are pressure variations produced by mechanical disturbance in a
material medium (U.S. Environ. Prot. Agency 1973c, 1974a; Cheremisinoff and
Cheremisinoff 1977). Sound pressure levels (L) are usually expressed as a
logarithmic transformation of sound pressure, known as the decibel scale:
L (Decibels [dB]) = 10 log io (p/p 0 ) 2

(3.5)

where p is the measured sound pressure; and p 0 is a reference pressure, conventionally 20 uPa (4 x io- 7 lb/ft 2 ), which is the threshold for detection by the
human ear.
A-weighted detectors of sound are generally considered to be the best
instruments for detecting sound in the same fashion as the human ear; hence,
A-weighted measurements [dB(A)] are most often used when discussing sound and
human perception. Measurements from instruments of unweighted sensitivity are
expressed simply as dB.
The response of humans and other animals is dependent upon a number of
characteristics of environmental sound, including: frequency spectrum, duration of emissions, variable nature of emissions, information content and
background sound levels (U.S. Environ. Prot. Agency 1971, 1974a; Bugliarello
et al. 1976; Fletcher and Busnel 1978; Dufour 1980). However, because of the
complexity involved in measuring and predicting sound characteristics, environmental predictions of noise impacts are generally based upon A-weighted measurements over fixed periods of time (U.S. Environ. Prot. Agency 1973c, 1974a;
Natl. Res. Counc. 1977). The sound-frequency sensitivity of A-weighted instruments is similar to that of the human ear. More precise analyses of responses
to noise require a more sophisticated investigation which goes beyond the
needs of the remedial action program.
Noise from remedial activities is associated with vehicles, generators,
and earth-moving activities, among other sources. In general, the sound waves
from the action will be of the intermittent or impulse type as opposed to the
steady-state type of sound generation. Sound emission levels for a number of
pieces of construction equipment are presented in Table 3.9; noise levels
within 1 m of a piece of such equipment range from 90-110 dB(A).
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Table 3.9. Typical Sound Pressure Levels and Usage Factors
for Equipment Used in Public Works Projects
Usage Factort1 per Activity
2

Type of Equipment
Air compressor
Backhoe
Concrete mixer
Concrete pump
Concrete vibrator
Crane, derrick
Crane, mobile
Dozer

Let
[db(A)]

81
85
85
82
76
88
83
87

Clearing

1.0
0.4
-

Excavation

1.0
0.4
-

Foundation

Erection

Finishing

0.4
-

0.4
-

0.4(2)

0.16(2)

0.4(2)

0.16(2)

0.16

0.1
-

-

-

0.04

0.04

-

0.16

-

0.2
0.4
-

-

0.16

0.08

0.4
0.4
-

0.4
0.2

0.08

0.3
1.0

0.4

Leqt3
tdB(A)]

79
74
81
-

74
70
80

Grader

78
85

Jack hammer

88

0.5

0.5

-

0.04

0.1(2)

79
89
101
85
76
98
74

0.3
-

0.4
-

0.2
0.1
-

0.16

81
72

-

81
-

0.04(2)

0.5
0.1

0.04

0.4(2)

1.0(2)

0.4(2)

73
76
83
67
63

Generator

Loader
Paver
Pile driver
Pneumatic tool
Pump
Rock dril1
Roller

Saw

78

Truck

88
82
88

Activity duration (h)

12

Scraper
Shovel

t

1

-

0.5
-

0.02

-

-

0.01

0.5

0.04(2)

0.04

0.2
0.4

0.08

0.08

0.04

0.4

-

0.04

0.16(2)

0.16

0.4(2)

0.2(2)

0.08

12

24

24

0.16(2)

12

Usage factor is the proportion of activity duration during which equipment is operating.
Parentheses indicate typical number of pieces of equipment if more than one.

T2

Typical sound pressure level received at 16 m from a piece of equipment in operation.

t3

Equivalent or average sound pressure level attributable to a piece of equipment for the
duration of the project.

Source:

U.S. Environmental Protection Agency (1974b).

75
74

78
71
85
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3.3.2

Assessing Impacts

3.3.2.1 Quantification of Impacts
The goals of assessing the environmental impacts of noise generated by a
remedial action are (von Gierke et al. 1979):
1. Determination of the extent of any change in the acoustic
environment due to the proposed environment
2.

Evaluation of any changes in the context of potential receptor
populations.

Receptor populations include wildlife, as well as humans, in the vicinity of a
project.
For a specific area surrounding each remedial action site, the ambient,
background noise levels (Lb) must first be characterized (e.g., Figure 3.3).
Each decontamination, storage, or borrow site will have its own characteristic
background levels of sound. Description of this background may be based on:
(1) actual measurements at each site, (2) predictions based upon measurements
in similar areas, or (3) predictive methods for estimating noise levels
(von Gierke et al. 1979).
The description of the proposed action should provide a listing of the
types of activities that will be carried out (Table 2.2). The description
should also identify the types of equipment to be used in the action and the
extent of such use during the action. In the early remedial action projects,
a priori description of the types and uses of equipment will be extrapolated
from data derived from similar construction projects—such as those shown in
Table 3.9, which was compiled from data on numerous public works projects.
These projects have similarities to the remedial action projects and serve as
preliminary guides to the noise levels that can be associated with remedial
action activities. Monitoring the earlier actions would provide more definitive information for analysis of later actions.
The sound emissions from a remedial activity are estimated by combining
the sound levels emitted from each piece of equipment involved in the activity.
The cumulative sound pressure level from several sources (L) may be estimated
by adding levels of sound (Li, i=l, 2,...,n) from these sources:
L = 10 log io (10
= 10 log lo ( 1 0 L V 1 °

+

10 L n / 1 °)

(3.6)

where L' is the cumulative sound level for all Li, i<n. Alternatively, one
may use Figure 3.4 as a means of sequentially adding sound pressure levels.
Construction and earth-moving activities are sources of intermittent
sound rather than continuous or steady-state sound. For an intermittent sound
emission (Le) added to another sound level (Lb), the equivalent sound pressure
level (Leq) is:
Leq = Lb + 10 log (1 - X) + X-10 A L / 1 °

(3.7)
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dB(A)
SCALE

COMMUNITY
SELECTED SOURCES
REACTION
AND AREAS
TO OUTDOOR
(DISTANCE FROM SOURCE IN FEET)
NOISES

130

50 HP SIREN (100)

120

JET TAKEOFF (200)

110

RIVETING MACHINE
CUT OFF SAW

I

VIGOROUS
ACTION

OTHER
EFFECTS

INCREASING
RISK OF
HEARING
DAMAGE

100

I
I

90
80

/SUBWAY TRAIN (20)
|AIRCRAFTLOW FLYOVER
PNEUMATIC DRILL (50)
INSIDE SPORTS CAR (50 mph)
•AA/VAAAAA/XAA.

70

VACUUM CLEANER (10)

THREATS
JXAAAAAAAAAA)

50

FREEWAY TRAFFIC
LARGE TRANSFORMER (200)
/ L I G H T TRAFFIC (100)
\ I N HOME, URBAN INDUSTRIAL

40

IN HOME, URBAN INDUSTRIAL

60

I

I

I

30

INCREASE
IN
ANNOYANCE

WIDESPREAD
COMPLAINTS
lAAAAAAAAAAA/ lAAAAAAAAA/VA.

OCCASIONAL
OM PLAINTS
AAAAAAAAAAA.

IN HOME, QUIET SUBURB

20

NO
NOTICEABLE
ACTION

I

10
(THRESHOLD OF HEARING)

Figure 3.3. Noise Levels, Community Reaction, and Other Effects for
Some Typical Sound Sources. Redrawn from Cheremisinoff
and Cheremisinoff (1977) (reprinted with permission of
Ann Arbor Science Publishers, Ann Arbor, MI).

3-18

INCREMENT TO BE ADDED TO HIGHER LEVEL (dB)
3.0

2.0

1.5
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NUMERICAL DIFFERENCE BETWEEN LEVELS (dB)

Figure 3.4. Graph for Addition of Two Sound Levels.

where X is the fraction of the total time that Le is being emitted and AL =
Le - Lb. Where AL > lOdB, Leq can be approximated quite accurately as:
Leq = Le + 10 log X. This is what has been done to calculate the equivalent
sound pressure levels in Table 3.9. For example, for air compressors:
X = (1.0-12 + 1.0-12 + 0.4-24 + 0.4-24 + 0.4-12 + 0.4-12) -f 84
= 0.63
and
Leq = 8 1 + 1 0 log 0.63 = 81 - 2
= 79 dB(A)
For evaluating the effects of noise from remedial action activities, the
periods of interest are the 24-hour astronomical day and the 8-hour workday.
The equivalent sound-pressure levels presented in Table 3.9 are for sound
emissions during the actual working period and can be added to measurements or
predictions of ambient background levels for the 8-hour workday. However, for
evaluating impacts to local areas, 24-hour sound pressure equivalents or
day-night levels (Ldn) are most appropriate (U.S. Environ. Prot. Agency 1974a).
For background levels, this is calculated as:
Ldn = 10 log 1/24 (15-10 Ld/1 ° + 9-10

Ln/1

°)

(3.8)

where Ld is the background level for daytime hours (0700-2200), and Ln is the
background level for nighttime hours (2200-0700). The Ldn adjusted for the
addition of sound from a remedial activity project would be:
L'dn = 10 log 1/24
+ 9-10

Ln/1

°]

[8.(10

Ld/1

° + 10

Leq/1

° ) + 7-10

Ld/1

°
(3.9)
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where Leq is the equivalent sound level from the activities associated with
the remedial activity.
The spatial extent of the change in ambient noise conditions is dependent
upon the degree to which sound pressure is attenuated as the receptor moves
away from the sound source. The intensity level of a sound wave in a free
field (i.e., uninterrupted space for transmission) decreases at a rate of 6 dB
per doubling of the distance between the source and receptor. Barriers to
sound transmission (e.g., walls or trees) result in reflection, reverberation,
or absorption and consequent loss of energy in the sound wave.
Table 3.10 may be used to determine sound pressure levels at
tances from the source using the ratio r2/r1, where ra and r2 (r2
the distances from the source to the receptor. Thus, from Table
ambient noise levels are 91 dB(A) at 16 m from the project, noise
160 m will be:

two disi r t ) are
3.9, if
levels at

L 1 6 0 = 91 - 20 = 71 dB(A).
This assumes free-field transmission, i.e., no barriers between the source and
receptor.

Table 3.10. Change in Noise Level with
Distance from a Point Source

Change in
Noise Level
(AL [dB(A)])

i—i

0

Distance
Ratio
(r 2 /r x )

.00

-1

1.12

-2
-3

1..26
1..41

-4

1..58

-5

1..78

-6

2.00

-7

2.24

-8

2.51

-9

2.82

-10

3.16

-12
-15

3.98
5.62

-18

7.94

-20

10.00
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3.3.2.2 Standards and Criteria
Exposure to 90 dB(A) or less for an 8-hour workday and a maximum of
115 dB(A) for a quarter of an hour or less (Table 3.11) are the current standards for human exposure to industrial noise set by the Occupational Safety
and Health Administration (OSHA). The U.S. Environmental Protection Agency
(1974a) has identified several yearly average equivalent sound levels requisite
to protect human health and welfare from excessive noise impact (Table 3.12).
For exposure to industrial noise, a 24-hour average exposure to no more than
70 dB(A) is considered adequate for protection from hearing loss. The level
identified for protection from interference with outdoor activity is a 24-hour
average exposure to 55 dB(A) or less.

Table 3.11. OSHA Standards for
Occupational Exposure to
Noise (20 CFR 1910)
Duration of
Exposure
per Day
(hours)

Maximum
Sound
Level
[dB(A)]

8
6
4
3
2
1.5
1
0.5
^0.25

90
92
95
97
100
102
105
110
115

In addition to federal regulations and guidelines, there are many criteria
established by state and local governmental authorities. Some of these regulations have been summarized by the U.S. Environmental Protection Agency in a
1975 report.
3.3.2.3 Evaluating Impacts
Response to noise is a function of the frequency spectrum, intensity,
duration, and pattern of exposure as well as intrinsic factors such as age,
auditory sensitivity, ability to recover, etc. Responses to noise range from
interference with behavioral patterns to disruption of the hearing apparatus
(Figure 3.3).
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The U.S. Environmental Protection Agency (1974a) has provided guidelines
to assess impacts of noise generation (Table 3.12). These guidelines and the
OSHA standards (Table 3.11) can be compared to anticipated noise generation by
remedial activities in order to evaluate the likelihood of adverse response to
this added noise. The ultimate effects of noise emissions upon the surrounding populations will be dependent upon the compatibility of the noise associated with remedial activities and the normal background noise in the vicinity
of the activities (Section 5.7).

Table 3.12. Yearly Averaget1 Equivalent Outdoor Sound Levels
Identified as Requisite to Protect the Public Health
and Welfare with an Adequate Margin of Safety

Sound Level [dB(A)]t2

Location
Residential with outside
space and farm residences

Sound Level
Measure!3

Ldn

Activity
Interference

Hearing Loss
Considerationt4

55

To Protect
Against
Both Effects
55(a)

70

Leq(24)
Commercial

Leq(24)

(b)

70

70(c)

Industrial

Leq(24)

(b)

70(d)

70(c)

Hospitals

Ldn

55

55(a)
70

Leq(24)
Educational

Leq(24)

55

Recreational areas

Leq(24)

Farmland and general
unpopulated land

Leq(24)

70(d)

55(a)

(b)

70

70(c)

(b)

70

70(c)

t1
f2

Refers to energy rather than arithmetic averages.
Code: (a) Based on lowest level.
(b) Since different types of activities appear to be associated with different
levels, identification of a maximum level for activity interference may be
difficult except in those circumstances where speech communication is a
critical activity.
(c) Based only on hearing loss.
(d) An Leq(8) of 75 dB may be identified in these situations so long as the
exposure over the remaining 16 hours per day is low enough to result in a
negligible contribution to the 24-hour average, i.e., no greater than an
Leq of 60 dB.
t 3 Ldn = day-night level; Leq(24) = equivalent 24-hour level.
t 4 The exposure period that results in hearing loss at the identified level is a period
of 40 years.
Source: U.S. Environmental Protection Agency (1974a).

The effects upon wildlife from noise generated by remedial activities are
not as clear as those upon humans (see U.S Environ. Prot. Agency 1971, 1973c;
Fletcher and Busnel 1978; Lewis et al. 1978; Dufour 1980). Activities associate
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with a remedial action can result in loud impulse noises, especially during
construction. These often elicit a startle response from animals and may
induce wildlife to leave the vicinity of the source. Unfortunately, the
extent to which such an effect may occur is not quantifiable on the basis of
current information.
3.3.2.4 Evaluating Impacts During a Representative Cleanup/Storage
Remedial Action
The activity scenario in Table 3.13 indicates that representative activities associated with remedial actions could result in noise emissions of
85-88 dB(A) for a receptor 16 m from the site of operations. Ambient, background levels of sound range from about 30 dB(A) in a rural area to about
60 dB(A) in the vicinity of highway traffic (Figure 3.3). Noise from the
activities of a remedial action would become indistinguishable from these
background levels at distances ranging from 225 m to 12 km from the site of
the activities, depending on the levels of background sound and sound emissions
from the remedial activities.
If we assume background levels of 30 and 60 dB(A) as noted above, 24-h
equivalent sound levels at 16 m (adjusted for the action) can be estimated as
ranging from 80 to 83 dB(A) (from Equation 3.9). These levels are above the
day-night levels listed in Table 3.12 as being requisite for protection of
public health and safety from interference with normal activities in residential, hospital, and educational areas. Sound levels could be above annoyance
thresholds for up to a kilometer or more from a site. Thus, there will likely
be some disruption of surrounding activities for the duration of any remedial
action operations in residential areas. Impairment of hearing is associated
with long-term (40-yr) exposure to levels above 70 dB(A) (Table 3.12); thus,
the remedial activities, because of their short duration of 3 to 80 working
days, should not affect hearing.
On the basis of equipment requirements for a representative action
(Table 2.2), we have calculated the equivalent sound emissions from representative remedial activities (Table 3.13). Equivalent sound pressure for an
activity was calculated as:
Leq = 10 log 1/T I t. 10 L i ,
where tj and Li are the time expended and noise emitted for each piece of
equipment used in the activity, and T is the time required to complete the
activity.
Equivalent sound-pressure levels for the activities presented in Table 3.13
are not expected to exceed the OSHA standard for an 8-hour workday average of
90 dB(A) (Table 3.11). Nor, will anticipated noise levels from individual
pieces of equipment (Table 3.9) exceed OSHA standards for short-term exposure.
Thus, noise levels at remedial action sites are not expected to pose occupational health hazards.

Table 3.13.

Sound Emissions and Operating Times for Equipment Involved in a
Representative Remedial Action
Equipment Operating Time (equipment hours)?1

Equipment

Soundt2
Pressure
Level
[dB(A)]

Air compressor

81

Backhoe (2)
Concrete truck

Land Clearing
and Grubbinq
Contain.
Storage
Pad Site Property

Storage Pad
Construction

Excavation
Contam.
Borrow
Property
Area

-

-

85

-

85

-

Dozer

87

Generator

78

Grader

85

-

-

16

-

-

Jack hammer (2)

88

-

-

-

64

Front-end
loader (2)

79

32

32-160

-

Paver

89

-

-

Roller

74

-

Chain saw (2)

78

Hydro-axe

Movement of
Contaminated
Soil

Movement of
Fill and
Backfilling

Storage
Pad Site

80

32

-

80

-

16

-

16

160-1600

-

-

-

-

40

-

-

-

-

8

8-40

16

-

80-800

80-800

-

-

80

-

-

Cleaninq Up
Decontam.
Property

Borrow
Area

-

-

-

-

-

-

64

-

80-800

-

-

8

-

16

-

-

-

16-160

-

-

-

-

-

-

-

-

-

96

160-1600

-

-

32

16

-

48-80

-

-

-

-

-

-

-

-

48-80

-

-

-

-

-

-

-

16

16-80

-

-

-

-

-

-

-

-

85

8

8-80

-

-

-

-

-

-

-

-

Dump truck (4-8)

88

32

32-320

320

-

-

320-6400

320-6400

64

64

-

Chipping
machine

85

8

8-40

_

-

-

-

-

-

-

352-1792

240-2400

560-7360

416-7360

128

144

8

12

10-80

10-80

10-80

10-80

10

10

1

86

85

88

87-88

88

86

86

87

Total operating
time (equipment
hours)

104

Duration of
activity (days)

3

Equivalent sound
emissions [dB(A)]
1

t
t2

From Table 2.2.
From Table 3.9.

85

104-520
4-13
85

664-748

80

i
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3.3.3 Mitigation Options
The foregoing estimates of impacts from noise emissions at remedial
action sites are based upon experience at many construction or public works
activities. In addition to standard practices, there are additional methods
for reducing noise impacts (Leasure 1979): (1) replacing noisy operations
with less noisy ones, (2) selecting the quietest among alternative equipment
pieces, (3) scheduling noisiest operations at times when ambient levels are
highest, (4) maximizing the distance between the noise source and receptor,
and (5) providing enclosures or other barriers. Implementation of these
mitigation options will vary with local ordinances, size and duration of
operation, and anticipated impacts.
Proper maintenance and operation is important in minimizing the noise
produced by construction equipment. For example, the increase in sound level
for a portable air compressor can be 5 to 12 dB if the compressor equipment
access doors are left open, or if they are closed but have worn-out or defective seals (Leasure 1979).
3.4 SOIL/GEOLOGICAL RESOURCES
Potential impacts to soil/geologic resources from activities associated
with cleanup/storage remedial actions at FUSRAP sites include: (1) soil
erosion, (2) structural failure of the storage pile, and (3) use of scarce
geologic resources. The magnitude and consequences of soil erosion will
depend on site-specific factors such as rainfall, wind, soil material properties, slope, surface management practices, measures to catch any eroded soil,
quality of receiving waters, ambient air quality, and value of the soil
resource. It is expected that there will be a temporary increase in soil
erosion during the operations phase of a cleanup/storage action whereas almost
no erosion is expected from the completed, covered storage pile, and restoration of the cleanup site should minimize subsequent soil erosion. The probability of structural failure of the storage pile and potential impacts resulting from such failure will also depend on site-specific factors such as local
geology, pile engineering design, efficacy of the monitoring and maintenance
program to control and correct any failure, and factors affecting subsequent
erosion of any failed material. Proper design and location of the storage
pile should minimize potential structural failure. The impacts of using
geologic resources such as gravel, sand, soil, and asphalt will also be sitespecific; however, the relatively small quantities to be used in FUSRAP projects (compared to other construction projects in the area) and location of
most FUSRAP sites near large urban markets of these materials should lessen
the potential for impacts on scarce geologic resources.
3.4.1 Sources and Nature of Impacts
Any kind of construction, earth-moving, or waste-storage activity is
intimately related to the soil and other geological characteristics of the
project site. As a result, property-cleanup/interim-storage activities can
both impact and be influenced by the site-specific nature of geologic resources.
Excavation and construction operations will disturb soil and waste materials
and increase water erosion. Wind-induced erosion of exposed materials will
also increase (see Section 3.2). The integrity of the storage facility will

3-25
be influenced by the seismic and geomorphic history of the FUSRAP site as well
as by the nature and properties of the soils and subsoils. In addition,
construction activities may require the use of limited geological resources.
3.4.1.1 Erosion
A number of activities occurring during construction, excavation, and
stabilization will lead to an acceleration of soil erosion. As discussed in
Section 2, land clearing, extensive surface grading, and trenching activities
will be required in order to install the asphalt storage pad, subsurface
drainage systems, access routes, utility lines, and security measures (fences,
lights, etc.). Depending on local topography, construction activities at the
storage site may also include the removal and addition of material (from
borrow pits) to establish grade as well as the compaction of any fill material.
A principal effect of the activities associated with cleanup/interim
storage is to expose soils and subsoils to erosive forces such as raindrop
impact, surface runoff, freezing and thawing, and wind. Water erosion generally results from dislocation of soil particles by the impact of raindrops and
the entrainment of these loose particles into the surface water runoff. In
addition, water may also erode a surface by dissolution of the soluble constituents.
Three main types of water erosion are generally recognized: sheet (or
interill), rill, and gully erosion. Sheet erosion results from the relatively
uniform removal of particles from the exposed surface by flowing water (runoff)
and may be responsible for some large soil losses over long periods of time.
Rill erosion results from channelized flow of runoff; development of rills
occurs due to the continued abrasion of water and entrained sediment as well
as soil sloughing from the sides of the rill. Gullies are essentially large
rills formed by the coalescence of rills. Gully erosion can develop quickly,
resulting in large soil losses, but, unlike sheet erosion which affects large
areas, gully erosion tends to be localized.
The erosion losses resulting from construction and excavation activities
will generally be determined by site-specific soil characteristics. In some
cases, soil disturbance will decrease soil cohesion and facilitate the removal
of soil from the site by rill or gully erosion. In other instances, soil
disturbance may increase the infiltration of water into the soil, thereby
reducing erosion by surface runoff. Compaction of the materials by heavy
equipment may decrease water infiltration and increase surface runoff and
sheet erosion. However, as in the case of clays, some soils may become more
cohesive with compaction and erosion losses may be lessened.
Erosional losses could also occur at any borrow pit site used to supply
earth material for site-leveling, backfilling, and site-rehabilitation activities. It is expected that for many FUSRAP sites such material will be available from commercial fill operations already in existence. In such a case, the
erosion resulting from removal of the fill for use in a FUSRAP project should
be roughly proportional to the percentage of the total fill removed for all
operations. Where new borrow sites are created to supply fill material for
interim-storage site developments, impacts associated with the borrow site are
entirely related to FUSRAP operations.
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Detailed analysis of the cleanup and storage operations at a particular
site will be necessary to adequately evaluate the potential environmental
impacts related to the FUSRAP action. Because many FUSRAP sites are located
at existing industrial facilities, many phases of construction—such as site
clearing, leveling, and construction of access routes—may be unnecessary. In
addition, depending on local hydro!ogy/geohydrology, a subsurface drainage
system may not be required for a site. At sites where storage-site construction activities are minimal, erosion losses may also be minimal in comparison
to sites requiring more extensive construction.
The effects of erosion at a property-cleanup/interim-storage site will
vary with the extent and nature of the erosive forces. During interim storage, gully erosion may remove the surface cover from the pile in localized
areas, resulting in localized erosion of the stored wastes themselves. Sheet
erosion will reduce storage pile cover material over a broader area, possibly
allowing plant roots to penetrate into the wastes and resulting in radionuclide uptake through the plants. Removal of surface material by erosion
will also reduce the effective radiologic shielding thickness of the soil
cover.
Without adequate control measures, erosion during either the propertycleanup or interim-storage operations could lead to an increase in both the
suspended solids and the dissolved solids loads in water bodies downstream
from the eroding soil surface. The soil and waste materials exposed during
site-related operations may also be eroded, and radiological and chemical
contaminants associated with these materials could enter nearby waterways in
potentially harmful quantities.
The degree, extent, and significance of erosional losses are influenced
by numerous site characteristics such as topography, existing sediment and
chemical concentrations in nearby waterways, climate, size of watershed
involved, distance to nearby waterway, and vegetation cover onsite. For
example, the impacts to receiving waters associated with a given sediment loss
from a waste site located adjacent to a large, fast-flowing, turbid river may
be less than if the same quantity of sediment from a waste-storage operation
were to enter a small, relatively pristine creek. However, all temporary
construction activities are regulated by the EPA to follow good construction
practices that aid in minimizing discharges of solid and/or dissolved contaminants to surface waterways.
3.4.1.2 Structural Integrity
After construction of the interim-storage site, it will be necessary to
confine the radioactive material to the immediate vicinity of the storage pad.
Confinement of the material will be a function of pile integrity, as imparted
by the geology of the site, and of the engineering design and ability of the
waste material to retain a stable pile form.
A number of geologic restrictions may influence the effectiveness of an
interim-storage pile by affecting the structural integrity of the site. Tn
some instances, seismic activity could potentially cause settling or shifting
of both stored and foundation materials, resulting in the rupture of protective
storage pile covers and/or liners and drainage systems—which, in turn, could
facilitate the release of stored materials to the environment. The undetected
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presence or development of solution cavities or sinkholes in geologic formations underlying a storage site could lead to failure of the overlying pile
and release of contaminants. Structural integrity of the pile may also be
influenced by differential settlement of the storage pad due to regional
subsidence caused by excess withdrawal of groundwater or petroleum; differential
settlement of the pad due to unstable foundation soils; frost action affecting
the integrity of clay covers or covering membranes; and, frost-heaving causing
rupture of portions of the asphalt storage pad base not protected from freezing
by an adequate thickness of waste soil and/or not underlain by an adequate
granular base.
Barring structural failure of the storage pad, the predominant factors
affecting the integrity of the pile are those affecting the surface of the
pile and slope stability. Failure of stored material may be caused by inadequate design and construction procedures (e.g., oversteepening of slopes,
insufficient compaction of wastes, and inadequate covering of wastes leading
to saturation of the pile by infiltrating water), which may lead to slumping
or eventual failure of the pile. Partial freezing and thawing or alternate
wetting and drying of the storage pile cover may also cause failure of trie
pile surface.
Failure of the pile material is of environmental concern if the failure
results in rupture of the protective surface layers overlying the pile and
dispersion of the wastes by subsequent wind or water erosion beyond the asphalt
storage pad boundaries. In general, the extent of the impacts associated with
pile failure will be influenced by site characteristics such as climate,
topography, depth to groundwater, distance to surface water, and extent of
vegetative cover and impermeable surfaces onsite. During interim-storage
operations, routine monitoring and maintenance of the storage pile should be
able to prevent, clean up, or minimize most contaminant releases attributable
to pile failures. Geologically related structural failures would be highly
site-specific in nature and, with proper site selection and storage design,
may be considered improbable—especially considering the assumed 20-year
maximum life span of a site.
3.4.1.3 Scarcity of Geological Resources
During construction of the interim-storage pad and all associated buildings and roadways, various geological resources such as gravel, asphalt,
concrete, sand, and soil will be consumed. In some areas, these resources are
scarce. Although there is no standard way in which to evaluate the impact of
using a locally scarce resource, the possibility that necessary earth materials
might be in locally short supply should be considered.
3.4.2

Assessing Impacts

3.4.2.1 Factors Influencing Erosion
The type of erosion affecting a particular site will be determined by a
variety of factors including intensity, frequency, ?.nd duration of rainfall;
cohesiveness of soil particles; topographic factors such as length, roughness,
and grade of slope; type of vegetative cover; and, in some areas, magnitude of
snowmelt. As a result, determination of potential erosion impacts will require
analysis of site-specific information. Background site information may be
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obtained from local Soil Conservation Service offices and surveys, the National
Weather Service and local weather stations, and local universities.
At most remedial action sites, few natural in-place surficial soils are
going to be subjected to erosion. Instead, the material that will erode will
include onsite contaminated soils (which are probably disturbed and include
other waste materials), borrow materials (usually subsoils), and dirt roads.
Ideally, design and implementation of a remedial action will require testing
of the physical properties of the waste soils, borrow soils, etc. However,
this information may not always be available for analysis of erosion potential
at the FUSRAP sites.
A list of information typically required to carry out a qualitative
analysis of runoff and erosion is presented in Table 3.14. Where information
required to make erosion estimates is missing, local construction firms may be
able to provide practical insight into and an appreciation of the soil erosion
potential in the area of concern.

Table 3.14.

Information Requirements for Evaluation
of Surface Runoff and Erosion

Characteristics of Soils and Wastes
Particle size, cohesion, and texture of waste materials and soils; soil
organic matter content and clay mineral composition; thickness and
permeability of soil cover; depth and thickness of wastes
Climate
Precipitation—Form (rain, snow, frost, etc.), duration, intensity,
frequency, annual amounts, seasonal distribution, soil moisture,
antecedent precipitation
Temperature—Daily and seasonal ranges
Evaporation potential—Pan evaporation rates, evapotranspiration rates
Site Characteristics
Topography—Length, grade, and uniformity of slope; natural and man-made
drainage patterns (size of and location in drainage basin, distance
to waterways)
Site operations—Size, shape, slope, orientation, elevation of site
Geology—Amount of impermeable surface cover (man-made or natural), permeability, and storage capacity of groundwater formations
Vegetation—Proximity to site, species, age, density, seasonal variations
in cover
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Assessment of the soil losses from a FUSRAP interim-storage site and
support operations requires a knowledge of the relationship between the factors
that cause a loss of soil or waste material and those that help reduce such
losses. Numerous controlled field plot and small watershed studies have been
conducted to supply information regarding these complex interactions, and this
information was incorporated into many forms of empirical soil loss equations.
Such assessments can aid in evaluating the potential efficiency of proposed
mitigative measures to control erosion and will supply necessary information
to be used in calculating the quantities of sediment that could be released to
surface waters (sediment delivery calculations are presented in Section 3.5.2).
The best known and most widely applied of these empirical equations is
the Universal Soil Loss Equation (USLE) (Wischmeier and Smith 1978). Although
the USLE equation was designed to predict losses primarily from agricultural
plots where water erosion was the predominant erosional force, the equation
may be modified to facilitate characterizing the water-erosion potential for
many areas affected by the property-cleanup/interim-storage activities.
Calculations of erosion from such activities are somewhat restricted due to
the possible variations in textural characteristics, organic matter content,
structural characteristics, and permeability of the materials in the various
piles. Nevertheless, the USLE equation has been used to determine the erosion
potential from coal combustion waste-storage sites (Soholt et al. 1981) and
can be extrapolated to other materials as well.
Because of the potential complexity in explaining all the necessary
variations in use of the USLE model for all FUSRAP sites, only a general
discussion of the model is presented here. For actual site calculations, it
would be advisable to consult with staff at the local Soil Conservation Service
office and trained soil scientists familiar with the region in which the site
is located. Numerous publications are also available that provide techniques
for estimating values for a variety of additional site factors not addressed
in the USLE--such as land use, climatic conditions, and management practices.
Most applicable to the FUSRAP site evaluations are erosion predictions in
construction areas (Wischmeier and Meyer 1973; Meyer and Ports 1976; Meyer and
Romkins 1976) and improved design and evaluation of erosion control support
practices (Richardson 1973; Lafien and Johnson 1976). A more complete explanation and evaluation of the uses and limitations of the USLE is presented in
Wischmeier and Smith (1978).
The USLE is an erosion model that can be used to estimate the sediment
generated and displaced from a given area by sheet and rill erosion over time.
For a given site, the soil loss is computed as the product of five major
factors (defined below):
Erosion Loss = R x K x LS x c x p
where erosion loss is the computed soil loss per unit area.
Rainfall and Runoff Factors (R). Rainfall and runoff factors (R values)
represent the rainfall erosion index as a function of raindrop effect and
amount of runoff. The relation of soil loss to this parameter is assumed to
be linear. The rainfall erosion index for each locality represents the average
annual total of storm energies as a function of the amount of rain and the
intensity for each storm multiplied by the maximum 30-minute rainfall intensity
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recorded for the area. Adjustments in R values are required for areas where
significant runoff results from ice or snowmelt. Rainfall and runoff factors
have been calculated for numerous areas throughout the contiguous United
States and have been displayed graphically in Figure 3.5 (Wischmeier and Smith
1978). In general, the greater the R value, the greater the potential for
erosion due to precipitation.
Erodibility Factors (K). Tables of experimentally determined erodibility
factors or K values are available from state Soil Conservation Service offices
for many specific soils. Although these values may be inappropriate for soil
materials exposed during site development, they may be adequate for general
calculation purposes. It will be necessary to obtain the textural composition, organic matter content, structural characteristics, and permeability of
the materials surrounding and covering a specific site in order to estimate
the proper K values for the waste material. Approximate K values for various
textural classes of soils are presented in Table 3.15.
Topographic Factors (LS). Topographic factors (LS) are a combination of
the effect of a slope length factor (LS) and slope gradient factor (S). Slope
length is defined as the distance from the point of origin of overland flow to
the point where either the slope gradient decreases enough that deposition
begins or the runoff water enters a well-defined channel within a drainage
network. The L factor is the ratio of sail loss from the field slope length
of the area in question to that from a 22-m (73-ft) slope length under identical conditions. The S factor is the ratio of soil loss from a field slope
gradient to that from a 9% slope under otherwise identical conditions. These
factors are presented in Figure 3.6. To use this figure, identify a fieldmeasured length of slope on the horizontal axis and move vertically to intercept the appropriate percent slope measured in the field; then read the LS
value on the scale at the left. Note: the LS values derived in this manner
are appropriate only for uniform slopes. For a more complete discussion of
non-uniform slope LS factors, see Wischmeier and Smith (1978).
Cover Factors (C). Cover factors (C) represent the effects of vegetative
cover and land management variables. In a case where all aboveground vegetation and plant roots are removed, the C factor for the denuded area will be
equal to one. To calculate the worst case for remedial-action site erosion,
C = 1 should be used.
Support Practice Factors (P). The support practice factor (P) is the
ratio of soil loss with a support practice (contouring, terracing) to soil
loss with the practice of straight-row plowing up and down the slope. The
P factors at unrevegetated, unprotected sites may be equal to one; P factors
for managed waste sites can be less. A more complete analysis of support
practice factors is presented in Wischmeier and Smith (1978).
For most cleanup/storage actions, the data needed to use the Universal
Soil Loss Equation will not be available. Thus, the method of assessment will
necessarily be qualitative. The various factors used in the USLE can be
considered on a site-specific basis for determining erosion potential in a
qualitative manner. Local "good practice" for similar construction projects
can be determined by contacting the local or state highway department, Soil
Conservation Service office, and local construction *-rms, and by considering
any local construction-related ordinances. The soil moisture, rainfall, and
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Figure 3.5. Average Annual Values of the Rainfall Erosion Index. Source: Wischmeier and Smith (1978).
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Table 3.15. Approximate Values of Factor K for
USDA Textural Classest1

Texture Class
Sand
Fine sand
Very fii.a sand
Loamy sand
Loamy fine sand
Loamy very fine sand
Sandy loam
Fine sandy loam
Very fine sandy loam
Loam
Silt loam
Silt
Sandy clay loam
Clay loam
Silty clay loam
Sandy clay
Silty clay
Clay

Value of Factor K per Organic
Matter Content
4%
<0.5%
2%
0.05
0.16
0.42
0.12
0.24
0.44
0.27
0.35
0.47
0.38
0.48
0.60
0.27
0.28
0.37
0.14
0.25

0.03
0.14
0.36
0.10
0.20
0.38
0.24
0.30
0.41
0.34
0.42
0.52
0.25
0.25
0.32
0.13
0.23
0.13-0.29

0.02
0.10
0.28
0.08
0.16
0.30
0.19
0.24
0.33
0.29
0.33
0.42
0.21
0.21
0.26
0.12
0.19

t x The values shown are estimated averages of broad ranges of
specific-soil values. When a texture is near the borderline of two texture classes, use the average of the two K
values.
Source: Stewart et al. (1975).

wind conditions during the expected construction season (rather than annual
averages) should be considered.
For the most part, it is expected that the need to control the spread of
contamination will lead to the use of mitigative measures (see Section 3.4.3)
above and beyond what is normally practiced for the region. There will be
some unavoidable loss of parent and backfill materials from the cleanup sites
until those sites are restored. Timely completion of work at the sites should
minimize erosion losses. In unusual cases where the work is carried out
during more than one construction season or where bad weather or other factors
cause delays, soil losses could be higher than usual.
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At the storage site, timely completion of work and final covering of the
pile should minimize the time that the stored materials are exposed to erosion.
Temporary and/or permanent sedimentation basins will usually be used to catch
any eroded soil. Completion of the pile and installation of the cover material
should minimize soil erosion during the interim-storage period.
The consequences of loss of the soil resource are expected to be minor
compared to the losses caused by urbanization and agriculture. Potential
impacts on water, biotic, and atmospheric resources due to soil erosion are
more difficult to determine (see Sections 3.2, 3.5, and 3.6). However, because
most FUSRAP sites are in or near urban areas, it is expected that these
resources will already be impacted by other urban activities and that contributions from FUSRAP projects would be minor in comparison.
3.4.2.2 Factors Influencing Storage Pile Integrity
Interim-storage piles should be designed using standard engineering
principles to ensure pile stability and safety against failure. The stability
of the pile will be a function of the engineering properties of the stored
waste material, primarily shear strength and compressibility which are essentially a function of the textural characteristics (grain-size distribution,
roundness, etc.) and moisture content of the wastes. Methods to evaluate soil
behavior in construction and fill operations are presented in numerous engineering manuals such as that of the U.S. Department of the Interior (1974).
During initial site investigations, evaluation of the foundation materials
at the interim-storage site should be conducted to ensure the stability of the
asphalt pad for the period of storage. Physical index tests and visual examinations should be performed to establish foundation adequacy—especially its
bearing capacity, susceptibility to deterioration, and settlement and/or
uplift behavior. Because of the large variety of conditions that may be
encountered in foundation materials, it is impractical to provide a complete
set of rules for determining foundation adequacy; consultation of standard
engineering manuals is suggested. Generally, however, inadequate foundation
materials are those materials containing organic matter such as topsoil, muck,
and peat; low-density materials such as loose deposits of silt or sand; talus
deposits or uncompacted fill; clays that are qualified as highly plastic,
active, or sensitive and swelling; and soils in a soft and saturated condition.
If preconstruction investigations show that such questionable foundation
materials have been recognized and tested, it may be assumed that the storage
pad and pile designs have been formulated taking this condition into account.
If no such testing of questionable foundation materials is noted, an engineering review of the foundation stability may be required.
In addition to foundation material analyses, investigations should also
be conducted onsite to identify the active surface processes and geological
conditions that exist or might occur in the future which might result in
destabilization of the pile. Of concern are evidence of active soil creep,
landslide activity, quick clay failure, ground subsidence, and recent flooding
and reworking of site materials. Underlying geological formations should be
investigated for signs of active faulting and structural instabilities such as
solution cavities, abandoned mine workings, and tunnels. To determine the
realistic extent of storage pile damage that could result from probable seismic
events occurring during the 20-year period of interim storage, the frequency
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and intensity of seismic activity within the site vicinity should also be
evaluated. Assistance for such investigations may best be obtained from state
geological surveys, the U.S. Geological Survey, and possibly from the earth
science divisions of universities within the region as well as from private
geological consulting firms. Regional geologic reports may also aid in the
identification of potential site problems.
3.4.2.3 Assessing Scarcity of Resources
Because activities associated with each remedial action will be in competition with other construction activities for resources within the site proximity,
scarcity of resources will be readily identified by the economic constraints
associated with the purchase of the required resource. Such limited commodities
should be identified during the initial design phase. Where local limitations
are severe, local construction firms may be aware of feasible substitute
materials that may be used.
3.4.3

Mitigation Options

3.4.3.1 Erosion Control
During excavation and construction of the FUSRAP decontamination interimstorage sites and removal of fill material from borrow pit facilities, the
disturbed areas will be highly vulnerable to erosion. Generally, these losses
can be effectively controlled through use of standard practices that are
implemented at many construction and mining sites throughout the United States
(U.S. Environ. Prot. Agency 1973a, 1973b, 1976). Among the practices most
likely to be employed at FUSRAP sites are mulching; compaction; construction
of diversion ditches, dikes, and siltation basins; roughening; seeding; grading;
and establishment of vegetative buffer strips around the disturbed areas.
Limitation of surface disturbance and proper timing of control-measure implementation are also common methods to minimize erosion losses from construction/
mining sites.
Temporary structures for the control of sedimentation and storm-water
runoff could be constructed during the development and use of borrow pit
areas. Turbid water and sediments from these areas should be prevented from
entering adjacent waterways by the use of appropriate dikes, dams, mulches,
etc.
Prior to the emplacement of soil and high-integrity covers over the
storage pile, the materials are highly vulnerable to water erosion. Any
losses from the pile, however, should be collected in the drainage ditches
around the perimeter of the asphalt pad and should flow into collection basins.
Collection basins should be designed to accommodate the volume of runoff flow
from high-intensity storms without overflowing. Once covered, erosion losses
from the pile should be negligible as long as the cover material remains
intact and stable. Temporary covers can also be placed over portions of the
pile during the construction period to minimize erosion losses.
The type, size, extent, and distribution of temporary erosion-control
measures required at the site will depend principally upon the distribution
and intensity of precipitation; erodibility of soils; and topographic relief,
size, and geometric configuration of the site area. In the western United
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States—where rainfall is seasonal and intense—larger, more elaborate control
structures may be needed than in eastern areas, where precipitation is more
evenly distributed throjghout the year. In the eastern United States, temporary control structures may be less elaborate but must be provided periodically as storms occur. Seeding and revegetation activities are very useful in
the eastern areas whereas in the arid West, revegetation may provide fewer
protective benefits for soils, particularly for temporary control.
3.4.3.2 Storage Site Integrity
Proper design and construction of the interim-storage pile will be the
primary methods used to ensure the integrity of the storage piles (see Section 2). With proper pile design and construction, pile failure should be
highly unlikely. Maintenance of the cover is important for the long-term
stability of the pile because rupture of the high-integrity material covering
the pile might provide access for water infiltration and possible failure of
the pile after saturation of the wastes.
A variety of mitigative measures may be taken to improve a few geologic
inadequacies of a proposed or operating site. The most common method for
avoiding the use of unstable or inadequate foundation materials includes their
removal and recompaction or replacement with compacted select material; displacement (the removal of a mass of material equal to the weight of the storage
pile); or relocation of the pile to provide a better foundation. Solution
cavities found under a site may be grouted and filled. The asphalt storage
pad and drainage system can be designed to accommodate increased levels of
seismic activity. Diversion walls can be built around storage sites to prevent
flooding of the waste piles. In general, however, such site modifications may
exceed the cost of siting the storage facility in a more stable location.
3.4.3.3 Scarcity of Geological Resources
Where scarcity of geological resources exists, substitute materials may
be available (e.g., slag may replace gravel) or less desirable resources may
be utilized (e.g., less desirable topsoil or clay). Storage pile designs may
also be altered to minimize use of the scarce resources. In most instances,
substitutions will be dictated by economic constraints, construction limitations, and occasionally by legal restrictions pertaining to judicious use of
scarce resources.
3.5

WATER RESOURCES

Mobilization of soil materials and waste contaminants by wind or water
erosion, seepage, and controlled discharge or diversion of watercourses can
influence the quality of receiving waters. The magnitude of these impacts is
dependent upon the nature and extent of the cleanup/storage action required at
each site, the quality of the receiving waters, and the nature of the contaminants that are transported from the site to adjacent waterways or groundwater
supplies. All impacts must be analyzed at the site-specific level.
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3.5.1

Sources and Nature of Impacts

3.5.1.1 Surface-Water Impacts
Construction and excavation activities at property-cleanup/interim-storage
sites and associated borrow areas may result in a variety of disturbances to
the local hydrological systems. Cleanup/storage activities will disturb
vegetative cover and expose soil and wastes to water erosion processes.
Construction of impermeable storage pads could increase surface runoff.
A great number of site characteristics will influence the magnitude of
hydrological impacts resulting from FUSRAP operations. Depending on the
topography of the site, the distance of the disturbance to local hydrologic
features, and the textural characteristics of the eroded materials, soil
eroded from the construction site could be transported offsite by surface
runoff (see Section 3.4) into nearby waterways causing increased turbidity of
water and siltation of water channels or lakes as well as dispersion of chemical and radioactive contaminants associated with the eroded waste material.
Impacts associated with the dispersion of nonradioactive and radioactive
wastes in and by surface waters are addressed in Section 3.6.1. Construction
activities associated with the storage pile (e.g., development of access
routes, surface grading of the site, construction of the storage pad, excavation of borrow pits) could also interfere with local, surface drainage patterns.
The magnitude and direction of surface flow could be changed to increase
runoff and decrease infiltration by the exposure of bare soil and construction
of impermeable surfaces. Alteration of surface drainage patterns may redirect
and possibly concentrate runoff depending on the site-specific characteristics.
The result of such alterations may be an increase in flow rates that erode and
transport soil, pollute streams, or alter stream geometry. The impact of such
alterations will be influenced by the size of the watershed and quality of the
surface water. For example, development of impervious interim-storage pad
areas in small watersheds could contribute to increased surface runoff that
could cause locally noticeable increases in peak stream discharges, depending
upon the relative size of the impervious area and the proportion of existing
paved surfaces within the watershed.
Surface disturbance of FUSRAP sites is expected to range from 0.4 to
2.0 ha (1 to 5.0 acres) (Table 2.1). In this regard, the nonradiological,
hydrological impacts expected from these sites may be comparable to the impacts
resulting from residential development of land tracts because similar activities (e.g., grading, excavation, trenching, and road construction) are performed during both operations. The magnitude of the impacts resulting from
increased sediment loadings from remedial activities will be highly sitespecific, however.
The impact of increased loads of suspended solids being delivered to a
stream or lake as a result of FUSRAP construction activities will vary regionally. For example, in the southwestern United States, sediment concentrations
in most stream systems are typically very high following rainstorm activity.
Soil losses from FUSRAP sites in this area should contribute only a small
increment to an increase in the loading of suspended solids and should not
differ substantially in impact from the naturally occurring erosion phenomena.
Erosion of the waste material, however, may result in chemical contamination
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of downstream channels. At humid, urbanized FUSRAP sites in the eastern
United States, the impact of sediment losses from unstabilized sites will be
more highly dependent upon a multitude of factors such as the amount of surface
erosion that occurs at adjacent sites, the amount of construction activity
being conducted nearby, the nature of surface covers (e.g., permeable, impermeable, vegetation), and the design of drainage systems at the sites.
During excavation of wastes from sites located on floodplains, the sites
will be exposed to the threat of extensive erosion and leaching of wastes by
floodwaters. The magnitude of the threat will be a function of flood frequency
for the site location (i.e., located on the 5-year floodplain or the 100-year
floodplain) and the duration of interim-storage activities. Impacts associated
with the location of waste sites in floodplains may range from nonexistent, if
floods do not occur during site operation, to complete erosion and dispersion
of the waste site downstream in the event that severe flooding should occur
during cleanup activities.
Redisposal of the excavated wastes within the 100-year floodplain, however,
may be restricted by Section 404(r) of the 1972 amendments to the Federal
Water Pollution Control Act of 1948. Section 404 currently provides for the
regulation of discharges of dredged or fill material into the waters of the
United States (U.S. Environ. Prot. Agency 1979). In the case of cleanup/
storage actions, flood damage would be maximum during waste excavatijn activities and, with proper site design and location, nonexistent thereafter.
3.5.1.2 Groundwater Impacts
During excavation of the waste material, surface-water infiltration
through the wastes may increase and, depending on site conditions, soluble
waste contaminants may percolate to local groundwater. The potential impact
to groundwater resources will be dependent upon the chemical behavior of the
nonradioactive and radioactive contaminants present in the wastes, the rate
and direction of groundwater flow, the rate of chemical attenuation by geologic
materials, and the use to which the groundwater resource is put (e.g., irrigation, drinking water, industrial supply). Mitigation measures to minimize
infiltration of surface water through the wastes (see Section 3.5.3), however,
will lessen these impacts.
Assuming that the asphalt pad and storage pile cover are designed, constructed, and maintained so as to remain intact over a 20-year storage period,
infiltration of water through the pile—with subsequent leaching of any radioactive or nonradioactive wastes to the groundwater—should not occur during
the interim-storage period. The impacts resulting from an accidental leakage
of contaminants due to a failure in the pad could be evaluated, however, to
determine a worst-case scenario.
Because of the relatively short time period needed for excavation activities during which precipitation may infiltrate through the wastes to underlying
groundwater, the potential for nonradiological and radiological impacts of the
wastes on groundwater may be minimal. Where high groundwater levels currently
saturate the wastes prior to cleanup operations, excavation of the wastes from
the water table would immediately reduce the contribution of leached wastes to
the groundwater.
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A variety of site-specific factors will influence the rate of contaminant
migration from a waste site and its impact on surrounding groundwaters. For
example, the potential for groundwater contamination due to leaching of unprotected wastes may be low where groundwater tables are deep relative to the
base of the contaminated zone, the unsaturated subsoils have a low permeability
and high cation exchange capacity, and the potential evapotranspiration exceeds
precipitation. In contrast, rapid migration of wastes may be expected at
humid sites where saturated, sandy soils or fractured limestones underlie the
waste site. A listing of some of the hydrogeological factors influencing
migration of contaminants in groundwater at a waste site is presented in
Table 3.16.

Table 3.16.

Hydrogeological Factors Influencing Contaminant Migration
and Groundwater Contamination at the Waste Site

Facilitating Groundwater Contamination

Inhibiting Groundwater Contamination

High-permeability materials
•Sand, gravels

Low-permeability materials
•Dense clays, cemented sandstone

Presence of secondary porosity
features
•Joints, fractures, solution
cavities, faults

Absence of secondary porosity
features
•Joints, fractures, solution
cavities, faults

High groundwater levels

Low groundwater levels

Large fluctuations in groundwater
levels

Small fluctuations in groundwater
levels

Close proximity to drainage systems
•Streams, lakes, swamps, etc.

Far from drainage systems
•Streams, lakes, swamps, etc.

Low surface runoff, high
infiltration

High surface runoff, low
infiltration

High precipitation

Low precipitation

Absence of materials with high
attenuation capacities
•Clay, organic matter

Presence of materials with high
attenuation capacities
•Clay, organic matter

Region of high hydraulic gradients

Region of low hydraulic gradients

High groundwater quality at and
near the site

Low groundwater quality at and
near the site
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During site-characterization investigations, a number of exploratory
boreholes and wells may have been drilled through the waste pile or through
layers of contaminated groundwater beyond the pile boundaries. Unless properly
installed, packed, grouted, or sealed, these wells may connect areas of contaminated groundwater with uncontaminated water and may facilitate the migration of wastes to previously uncontaminated water-bearing units. The magnitude
of this impact would be related to the geological and hydrogeological nature
of each site and the type, location, and number of well holes drilled.
3.5.2

Assessing Impacts

The impacts of soil erosion on the water resources near an interimstorage site as a result of FUSRAP interim-storage operations can be assessed
by evaluating the quantities of soil that could be eroded from the site (as
addressed in Section 3.4.2.1) and determining what proportion of those sediments eventually reach the hydrological systems adjacent to the site. Such
evaluations will require determination of the sediment yields in adjacent
stream systems through use of the sediment-delivery ratio.
The ratio between the amount of sediment yield and the gross erosion in a
watershed is called the sediment-delivery ratio. Generally, wide variations
in sediment yields from watersheds are due to variations in gross erosion and
differences in the percentage of eroded material transported to the point of
sediment measurement. As little as 5% and as much as nearly 100% of the
materials eroded in some watersheds may be delivered to downstream points
(Gottschalk 1964).
Transportation of eroded materials from their source to a downstream
position is dependent upon a complex array of hydrological and physical conditions. The size of the drainage area, the gradient of watershed slopes, the
degree of channelization of the drainage systems, and the precipitation and
runoff characteristics all influence the efficiency of this transportation.
For instance, the delivery rati) of sediment for steep watersheds with welldefined channels is much higher than for watersheds with low-relief, poorly
defined channels and extensive floodplains where deposition of sediment may
occur. Where maximum amounts of rainfall occur during periods when the ground
surface is frozen, the rates of erosion are lower.
Sufficient data on sediment yield are not always available to evaluate
the relative effects of factors influencing sediment yield, nor is there
usually sufficient time to conduct sediment-load measurements prior to the
design and construction of an interim-storage pile. In such instances, the
sediment yield may be predicted by estimating the gross erosion in the watershed using the Universal Soil Loss Equation (see Section 3.4.2.1) and adjusting
for the expected delivery ratio of sediment from the structure site. The
delivery ratio of eroded material is determined on the basis of the size of
the watershed, topography, and degree of stream channelization (Gottschalk
1964).
All FUSRAP construction activities will be required by the U.S. Environmental Protection Agency and state agencies to utilize "good practice" construction techniques to try and minimize the concentration of total suspended
solids in surface water bodies adjacent to and downstream from construction
operations. FUSRAP construction operations must also comply with state and
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federal regulations concerning the levels of any other potential nonradioactive or radioactive contaminants that may be leached from the wastes or fill
material. The concentration of such potential pollutants will be a function
of the composition of the wastes and soil materials at the site, the dilution
effect of the stream system, and the intensity and frequency of precipitation.
To evaluate the impacts of FUSRAP operations on water systems, background
concentrations of various stream water contaminants and constituents upstream
from the FUSRAP sites must have been determined prior to the start of site
construction. Occasionally, information on stream suspended sediment and
chemical concentrations may be available from the U.S. Geological Survey,
Water Resources Division. However, most frequently, such information is not
sufficiently comprehensive to determine background concentrations of water
quality parameters prior to FUSRAP site activities.
A variety of radioactive wastes (e.g., radioactively contaminated soil
materials, decommissioned building materials and equipment, uranium processing
waste products) and potentially hazardous nonradioactive chemical contaminants
associated with uranium processing and refinement activities (e.g., heavy
metals, solvents, processing chemicals) may be present at the FUSRAP waste
sites. Prior to any evaluation of the potential impacts associated with these
wastes, adequate chemical analysis of the waste constituents will have to be
performed. Such analyses may include identification of the wastes from previous site investigations and records, chemical analyses of the wastes, and
evaluations of the chemical and physical form of the wastes, quantity of
wastes, etc.

Assessment of the potential pathways for migration of nonradiological and
radiological contaminants to groundwater and surface water during the excavation of waste material requires an understanding of the hydrologic/geologic
conditions in the vicinity of the excavation site. Information necessary for
an assessment of groundwater migration includes depth to water table or aquifer,
permeability and porosity of subsoil and geologic materials underlying the
site, direction and rate of groundwater flow, proximity of points of groundwater withdrawal to the site, chemical quality of groundwater beneath and
adjacent to the excavation, and frequency and intensity of rainfall during
excavation activities. Evaluation of surface water migration pathways requires
assessment of the direction, rate, and volume of surface water flows; proximity
of surface water bodies to the site; chemical quality of surface waters; use
of surface waters near the site; site topography and climate; and soil and
waste erodibility. Some of this information may be obtained from relevant
soil conservation surveys and from state and federal geologic and hydrologic
surveys. Most of this information, however, will have to be obtained from
field investigations conducted by competent hydrogeologists prior to commencement of operations at FUSRAP sites.
Generally, the magnitude of groundwater contamination likely at an excavation site will be a function of the area of excavation, the amount of infiltration of water through the wastes (precipitation minus evaporation and runoff),
the rate of chemical attentuation in the soil (as determined by the cation
exchange capacity, porosity, and permeability of the soil), the chemical
behavior of the radioactive and nonradioactive wastes present at the site,
and, most importantly, the length of time required to complete cleanup operations. In general, the length of time the wastes will be exposed to increased
infiltration of surface water will be short and the above analyses may not be
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required. Only where FUSRAP sites are located in active floodplains or where
existing groundwater contamination from FUSRAP wastes is a concern to the
cleanup action should these analyses be carried out fully.
3.5.3

Mitigation Options

The mitigation measures described in Section 3.4.3 to reduce erosional
losses from FUSRAP sites during excavation and construction activities should
ultimately be designed to reduce sediment loadings to water bodies adjacent to
construction sites. One of the methods cited, compaction of the waste and
soil materials, can also be effective in reducing water infiltration into the
wastes and the subsequent leaching of any potentially harmful constituents
from these materials.
At property-cleanup/interim-storage sites, erosional impacts should be
minimal. Revegetation, mulching, and protective covers should be used as soon
as practical to protect exposed areas. Runoff from impermeable areas (e.g.,
the asphalt storage pad and covered storage pile) should be collected and
routed to storage areas for gradual release and treatment if necessary to
satisfy permit regulations. After completion of FUSRAP construction activities and site rehabilitation, routine maintenance of the site should prevent
leaching or erosion of the wastes to the environment.
Surface water contamination will likewise depend upon the timing of the
construction activities, the area of excavation, the rate and volume of precipitation, the chemical behavior of the wastes, and the effectiveness of the
erosion mitigation measures that are employed. Thus, the potential for surface
water contamination should be assessed at all sites.
As mentioned in Section 3.5.1, any onsite water that is tested and found
to be contaminated by dissolved constituents should be diverted to dewatering
or treatment pits prior to release. Contamination of groundwater should have
been predicted during site characterization, and remedial action plans for
handling and treatment of contaminated water should have been made prior to
site cleanup and storage pile construction. Options for treating water contaminated by dissolved material may include (1) use of industrial or municipal
wastewater treatment facilities or (2) construction of temporary onsite treatment facilities. Use of industrial or municipal facilities would require the
assessment of impacts on the treatment facility, its process effectiveness,
and its effluent quality on a site-specific basis. Impacts arising from the
use of temporary onsite treatment facilities (e.g., batch tanks or temporary
lagoons) would also have to be addressed on a site-specific basis.
Protection of storage activities from flooding may involve diversion of
floodwaters from the site by dikes, dams, etc. Where possible, removal of
wastes from the floodplain would provide the greatest ensurance of waste
stability.
3.6.

BIOTIC RESOURCES

All of the enviro.iitk tal impact generators associated with cleanup/storage
activities may influence biota. The impacts will be functions of the size of
the remedial action and the presence of sensitive species in the area of the
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action. Because most of the sites are located in previously developed di^as,
it is unlikely that most remedial actions will have measurable impact on
regional populations of biota.
3.6.1

Sources and Nature of Impacts

Any earth-moving activity such as a FUSRAP property-cleanup/interim-storage
activity can affect the biotic resources in the vicinity of the action site.
The impacts may arise from:
Disruption of habitat
Emission of toxic materials
• Disturbance of fish and wildlife activity
The magnitude of these impacts depends upon both the spatial and temporal
extent of the action, the types of materials being handled, and the measures
for mitigation that are employed.
3.6.1.1 Disruption of Habitat
Withdrawal of an area from use by fish and wildlife may impact local
faunal populations. Members of the less mobile species may be killed by
clearing and construction activities. Although mobile species can move into
adjacent habitats, the resulting increased competitive pressures may prove to
be detrimental to the population as a whole. Because of the complex network
of interactions influencing a biotic population's success, it is difficult to
assess the potential magnitude and impact of increased competition pressures
due to displacement of individuals. Available information is largely anecdotal,
and predictions of adverse impacts are based upon the assumptions that habitats
are normally at carrying capacity and increased competition is detrimental to
a population. These assumptions have not been rigorously tested.
Of particular concern in any activity is the displacement of fish or
wildlife populations from habitat that is important to their life history,
e.g., winter foraging, nesting, or breeding areas. If such habitat is rare in
a given locale, its removal from use by wildlife may markedly reduce wildlife
abundance. This is especially important if rare, endangered, or other sensitive fish or wildlife populations are involved. Therefore, in assessing the
impact of habitat disruption, one must first establish the kinds, extent, and
value of habitat available to local biotic resources and the degree to which
these habitats are being exploited by biotic populations.
3.6.1.2 Emission of Toxic Materials
The emissions and discharges from a property-cleanup/interim-storage
remedial action could impact biota if sufficient amounts of toxic or otherwise
hazardous materials were released. The majority of FUSRAP wastes include
substantial quantities of soils. Hence, the primary hazard to biota would be
from dispersal of large amounts of suspended particulate matter in air and
water. These releases are discussed in Sections 3.2 and 3.4. Sufficient
particulate matter in either atmospheric or aquatic suspension can interfere
with the interaction between organisms and their surrounding environment—
disrupting gaseous exchange processes, impeding penetration of light for
photosynthesis, and fouling feeding mechanisms.
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Releases of waste material can also contain trace elements, organics, or
pathogens that may prove toxic to surrounding biota. FUSRAP wastes are generally not associated with enriched levels of trace elements other than radionuclides; however, in a few cases, the radioactive wastes may have been mixed
with other industrial or laboratory wastes that could be released in a propertycleanup/interim-storage action. These cases will have to be determined from
examination of site histories. Similar problems could occur with organic
wastes, such as PCBs. Disturbance of soils would also increase mobilization
of soil pathogens into the environment, increasing health hazards to biota in
the vicinity of the action.
3.6.1.3 Disturbance
The noise and activity associated with cleanup/storage can disturb the
activities of animals in the vicinity of the action. This disturbance may
lead to animals leaving or avoiding areas within which auditory or visual
detection of the activities is possible. The disturbance may also lead to
disruption of feeding or reproductive activities while animals remain within
the affected area. The consequences of such disturbance to animals are not
we!1-documented. Thus, it is difficult to predict how such impacts may
influence local faunal populations.
3.6.2 Assessing Impacts
3.6.2.1 Evaluating Consequences to Biota
In assessing impacts to biota, one must first determine which habitats or
populations are of concern in the context of the proposed action. The initial
step is to identify the type of habitats found in the region of the FUSRAP
site and to determine which components of the habitat are likely to be affected
by the cleanup/storage activities. In addition, the important biotic taxa
should be identified. From the environmental assessment point of view, important taxa are those that are (U.S. Nucl. Reg. Comm. 1977):
' Considered rare, endangered, threatened, protected or otherwise
unique by federal, state, or local authorities.
• Used by humans for commercial, recreational, or other purposes.
• Of cultural importance to local human populations, such as
Native ^ i
• Critical components of local ecosystems whose disappearance
would result in an alteration in the type of ecosystem present.
Of these important taxa, it is necessary to identify which are the most sensitive to the activities associated with a remedial action.
Over the past several years, the U.S. Fish and Wildlife Service has been
developing a methodology for evaluating the value of land as wildlife habitat,
i.e., The Habitat Evaluation Procedure (U.S. Fish Wildl. Serv. 1980). These
procedures provide the wildlife biologist with a means for comparing the value
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of different habitats that may be affected by a property-cleanup/interimstorage action. Galvin (1979) provides a collection of information on wildlife and their habitat requirements that can be useful in estimating habitat
value. Additionally, it is necessary to know the availability of that habitat
for use by wildlife populations. If a habitat is rare and of high wildlife
value, it is less desirable as an interim-storage site than is a more common
habitat of moderate value. The Soil Conservation Service, Bureau of Land
Management, and state wildlife officials may serve as sources of information
on habitat distribution in the region of concern.
Runoff, seepage, and dusting are means by which potentially toxic constituents of FUSRAP wastes are mobilized and dispersed from remedial action
sites into terrestrial and aquatic environments. Organisms can also serve as
agents for dispejrsal by absorbing these constituents from their physical
environment and diluting, concentrating, transforming, and immobilizing them—
thus affecting their ultimate toxicity (Van Hook 1978).
There are a number of studies that present data on toxicity of various
contaminants for fish, wildlife, plants, and microorganisms. Recent studies
include Cleland and Kingsbury (1977), Gough et al. (1979), and Johnson and
Finley (1980). Generalized criteria for determining the potential harm to
human health and the environment have been developed by Cleland and Kingsbury
(1977) under the sponsorship of the U.S. Environmental Protection Agency
(EPA). These criteria have been used by Soholt et al. (1981) as indicators of
potential effects to biota (including wildlife resources) during chronic
long-term exposure and are appropriate for evaluating potential impacts from
toxic substances associated with FUSRAP activities.
The screening approach as outlined here does have limitations. The
complex interactions of potentially toxic substances and other factors in the
environment cannot be easily quantified and incorporated into an evaluation of
impacts to biota. The criteria are generalized from data on different organisms and do not precisely apply to site-specific situations. Therefore,
predictions of impacts from FUSRAP wastes contain a degree of uncertainty. As
more research data are accumulated, more sophisticated approaches can be
devised.
With the limited amount of knowledge concerning the effects of noise on
wildlife, one may infer possible effects from information on (1) the auditory
communication of a species, (2) the auditory range of a species, (3) direct
effects observed in the laboratory, and (4) the incidental observations of
responses of wild animals to noise. Increases in background noise can interfere with auditory communication by masking signals. Japanese quail have been
shown to increase the rate of their calls in response to an increase in ambient
noise from 36 dB(A) to 63 dB(A) (Potash 1972). This increases the ratio of
signal to background noise, improving the chances that the signal will be
received and correctly understood.
Additionally, noise emissions from FUSRAP activities may approach or
exceed the EPA's identified levels of noise requisite for protection of human
health and welfare (Section 3.3). It is likely that at least some wildlife
could suffer annoyance if they spend a period of time within a few meters of
the source.
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3.6.2.2 Standards and Regulations
The two primary federal statutes that specifically include impacts to
biotic systems are the Endangered Species Act and the Fish and Wildlife Coordination Act. Both of these are administered by the U.S. Fish and Wildlife
Service. Most state governments have parallel legislation that is designed to
protect fish and wildlife resources from both direct and indirect sources of
degradation. Federal agencies must consult with the U.S. Fish and Wildlife
Service in order to ensure that an action will have minimal impact on local
fish and wildlife resources.
Executive Order 11990 mandates that federal agencies seek to minimize the
impacts of any action upon wetland habitats. The U.S. Department of Energy
(1979) has promulgated guidelines that provide for an assessment of impacts to
wetlands that may be incorporated into NEPA documentation. The guidelines
call for consultation with the appropriate authorities to determine if wetlands will be impacted.
3.6.2.3.

Evaluating Impacts at a Representative Remedial Action

In general, the FUSRAP sites are located in the midst of commercial or
industrial complexes (Section 1.2). Thus, the activities are unlikely to
impact important biological populations in the region of these action sites.
Those sites located in more undeveloped areas may impact the local biota to a
greater extent. The affected areas of 1 to 10 hectares (2.5 to 25 acres) will
generally not be large enough to result in degradation of regional biological
populations. Only those populations that are restricted to the affected sites
will be impacted to the extent that their survival may be in jeopardy. The
likelihood of such populations existing at a given FUSRAP site is low and must
be determined on a site-specific basis.
The remedial activities are expected to be of short duration (120 to 360
working days). Thus, it is unlikely that long-term population effects would
result from the proposed remedial actions.
3.6.3

Mitigation Options

Currently, there is no federal regulatory program addressing requirements
for acceptable reclamation of cleanup and storage sites. However, regulations
have recently been implemented or newly promulgated through federal and state
laws, and these regulations outline standards for waste storage and protection
of water resources -.rid have provided the impetus for careful planning of site
rehabilitation (GA1 Consultants 1979). This will often result in the development of a reclamation program for a proposed remedial action site. The reclamation plan should describe, in some detail, practices useful for erosion and
sediment control, vegetation establishment, postreclamation monitoring, and
future land uses. Soholt et al. (1980, 1981) provide brief outlines of the
salient points of a reclamation plan. Ultimate impacts to biotic resources
will be determined by the nature of the reclamation plan.
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3.7

HUMAN HEALTH/SAFETY RESOURCES

Inherent to all activities similar to cleanup/storage operations are
risks of illness, injury, and death from nonradiological sources. These
sources include accidents and inhalation of dust. Because the remedial activities are of small size relative to many other earth-moving and construction
operations, illnesses and injuries are expected to be no higher than three
cases per representative action. Deaths are likely to be zero for a representative action, although there is an expected finite risk greater than zero.
Health and safety risks are not expected to be high in comparison to other
similar activities in the region.
3 7.1

Sources and Nature of Impacts

The activities associated with FUSRAP sites may result in health and
safety risks from nonradiological as well as radiological sources. Any heavy
construction and excavation activity such as a property-cleanup/interim-storage
action has an inherent risk of on-the-job injury. Accidents usually arise
from improper use or maintenance of equipment and failure to take proper
precautions in high-risk situations such as entering trenches or demolishing
structures. Injuries can result from minor accidents, such as hitting one's
thumb with a hammer, to potentially lethal accidents, such as burial of individuals in an improperly shored excavation. In addition, there is occupational
risk of illness due to inhalation of fugitive dust. Excessive dust inhalation
can lead to lung disease such as silicosis or to damage of lung tissues. In
some areas, dust-borne microorganisms can induce such illnesses as coccidioidiomycosis.
Risk of illness due to a remedial action is less for the offsite public
than for onsite personnel. However, there is a finite risk of adverse health
effects from inhaling fugitive dust or movement of toxic materials into drinking water. Noise, too, can have adverse effects upon public well-being.
These topics are dealt with more completely in Sections 3.2, 3.3, 3.5, and 5.7.
In addition to risks of injury and illness at remedial action sites,
there is also a risk associated with transportation of materials from the site
of removal (e.g., property cleanup) to the site of deposition (e.g., interimstorage pad). The movement of diesel trucks along offsite roads exposes the
vehicles to risk of accidents that may result in little or no injury or the
death of one or more victims of the accidents. Traffic accidents may involve
both personnel associated with the remedial action and members of the general
public.
3.7.2

Assessing Impacts

3.7.2.1 Quantifying Risk
For quantifying risk, we have chosen to express risk of occupational
injury and illness as incidence rates reported by the U.S. Department of Labor
(1979) for the construction industry as a whole (Tablo 3.17). Recordable
occupational injuries and illnesses are: (1) occupational deaths, regardless
of the time between injury and death or the length of illness; (2) nonfatal
occupational illnesses; or (3) nonfatal occupational injuries that involve
(one or more of) loss of consciousness, restriction of worK or motion, transfer
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Table 3.17. Incidence Rates for Deaths,
Injuries, and Illnesses in the
Construction Industryf1
Incidence Rate
Incident
Death

Per 100
Full-Time
Workers

Per
Worker-Days

0.003

1.2 x 10- 7

Injury

15.8

6.3 x 10- 4

Illness

0.4

1.5 x 10- 5

t1

Data from U.S. Department of Labor (1977, 1978,
1979) and U.S. Department of Commerce (1980,
pp. 433-434).

to another job, or medical treatment (other than first aid). Occupational
injury is any injury such as a cut, fracture, sprain, amputation, etc., that
results from a work accident or from exposure involving a single incident in
the work environment. Occupational illness is any abnormal condition or
disorder, other than one resulting from an occupational injury, caused by
exposure to environmental factors associated with employment. It includes
acute and chronic illnesses or disease that may be caused by inhalation,
absorption, ingestion, or direct contact with pathogens or toxic materials in
the work environment.
Incidence rates represent the number of injuries and illnesses, as used
by the U.S. Department of Labor (1979), per 100 full-time workers. They were
calculated as:
(N/EH) x 200,000
where:
N = number of injuries and illnesses
EH = total hours worked by all employees during calendar year
200,000 = base for 100 full-time equivalent workers (working 40 hours
per week, 50 weeks per year)
For our purposes, we have chosen to use the average incidence rates of
deaths, injuries, and illnesses for 1971 to 1978 (or portions thereof) in the
construction industry af a whole. These incidence rates are indicators of the
relative risks to which remedial action workers will be exposed.
Risks of traffic accidents involving diesel-powered trucks are also based
upon historical records. As indicators of risk of death or injury, we have
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chosen to use values from studies on transport of radioactive wastes (Table 3.18).
The only form of waste transport being considered here is truck transport.
Railcar or barge might be used in a few remedial action cases if hauling
distances are long and amounts of waste are large.

Table 3.18. Incidence Rates for Accidents, Deaths,
and
Injuries for Diesel-Truck Transport!1
Deaths
Vehicle
Truck
t1

Accident Rate
(no./km)
1.1 >c 10- 6

(no./
accident)
0.03

(no. /km)
3 x 10- 8

Injuries
(no./
accident)
(no. /km)
0.5

6 x 10- 7

Data from U.S. Atomic Energy Commission (1972) and Clarke et al.
(1976).

3.7.2.2 Impact of Representative Remedial Actions
The anticipated number of occupational deaths and injuries associated
with a representative remedial action is expected to be low (Table 3.19). A
maximum of three injuries is expected, and the action is not expected to
result in any deaths. These expectations are much lower than the cumulative
expectations for other construction activities in a given region.
As outlined in Section 2, representative property-cleanup/interim-storage
actions will entail hauling of about 7,600 to 62,000 m 3 (10,000 to 80,000 yd 5 )
of waste material and an equal amount of backfill material. Wastes will be
hauled 1.6 km (1 mi) and backfill 8 km (5 mi) one-way in trucks with a 12-yd3
capacity (9.2 m 3 ) . Based on these values and Table 3.18, expected transportation accidents, deaths, and injuries are as given in Table 3.20. The likelihood of injury or death in a transportation accident is low for the actions
expected for the property-cleanup/interim-storage action. The number of
accidents anticipated for the representative action ranges from zero to one.
Mathematical expectations for deaths and injuries are also much less than one
(ca. 10- 2 ). We do not anticipate that transportation safety will be a major
concern in these actions.
3.7.3

Mitigation Options

The estimates of deaths, injuries, and illnesses are based upon the
experience of construction operations over the past several years. Thus, they
incorporate the results of safety measures that are standard procedures for
such operations. Mitigation of impacts to human health and safety is generally
mitigated by ensuring that personnel are familiar with and are implementing
proper procedures when carrying out their duties.
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Table 3.19.

Effort
Scenario

Expected Deaths, Injuries, and Illnesses Associated
with a Representative Remedial Action
Effortf1
(person-workdays)

Expected Numbert2
Deaths
Injury
11 lness

Low

1056

1. 3 x io- 4

0.7

0 .02

High

4896

5.9 x 10- 4

3.1

0 .08

t1
t2

From Table 2.3 for construction/decontamination activities.
Derived from Table 3.17 and effort column.

Table 3.20. Expected Accidents, Deaths, and Injuries
from Transport of Waste and Backfill in a
Representative Remedial Action

Material
Transported

Expected Numbert1
Deaths

Injuries

0.003 - 0.024

8 x 10- 5 to
64 x 10- s

2 x 10- 3 to
12 x 10- 3

13,300 - 107,000t3

0.015 - 0.075

4 x 10- 4 to
32 x 10- 4

7 x 10- 3 to3
60 x 10-

16,000 - 128,000

0.018 - 0.099

5 x 10- 4 to
33 x 10- 4

9 x 10- 3 to3
72 x 10-

Distance Traveled
(km)

Accidents

2,700 - 21,400t2

Backfill
Total

Waste

t1
t2
t3

Derived from Table 3.18 and distance traveled.
834 to 6,667 truckloads making roundtrips of 3.2 km per load.
834 to 6,667 truckloads making roundtrips of 16 km per load.
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All equipment should be operated and handled in a manner that efficiently
accomplishes the goals of the operation without jeopardizing human safety.
All equipment must be maintained in proper operating condition to minimize the
likelihood of failure when operated. All excavations and landfills must be
properly designed and shored so that the likelihood of collapse is reduced.
Truck crossings and entrances should be properly marked to reduce the likelihood of traffic accidents.
The likelihood of inhalation of dust particles can be reduced by implementing procedures for reducing fugitive dust as outlined in Section 3.2 or by
wearing protective filters during excavation activities. This can mitigate
the chances of occupational illness.
In general, appropriate mitigation follows the procedures outlined in
OSHA regulations for reducing health and safety hazards at construction sites.
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4. RADIOLOGICAL IMPACTS
Ping C. Chee, John M. Peterson, and Carlyle J. Roberts
4.1

INTRODUCTION

The radiological impacts associated with a property-cleanup/interim-storage
remedial action are addressed in this section. The major emphasis is on the
nature of the impacts end the methodology that would be utilized to estimate
their magnitude. This methodology is then applied to a representative action
using the parameters given in Table 2.1.
In Section 3, the ranges of parameters given in Table 2.1 were used to
analyze and assess the environmental impacts associated with a property-cleanup/
interim-storage remedial action. Ranges were used to provide reasonable
bounds on the anticipated nonradiological impacts of implementing such actions.
An analysis based on ranges of parameters is not appropriate for assessing the
radiological impacts because these impacts are highly dependent upon the
particular radionuclides at a given FUSRAP site. It would be very difficult,
if not impossible, to define a reasonable bounding scenario without analyzing
each site independently—a task that is beyond the scope of this document.
The typical values given in Table 2.1 are used in this section to indicate the
potential radiation doses associated with a property-cleanup/interim-storage
remedial action.
The radiological impacts consist of the radiation doses* to workers
involved in the remedial action and to members of the general population in
the vicinity of the remedial action. The principal pathways for transmitting
radioactivity to humans are identified in this section, and the resulting
radiation closes are estimated.
Two time periods are considered in these
evaluations; the time period during which the remedial action is occurring
(the construction/decontamination phase) and the interim storage period. A
storage period of 20 years is assumed for the analysis.
The FUSRAP sites identified to date are contaminated with different
radionuclides. Most FUSRAP sites are contaminated with the uranium-238 and
thorium-232 decay series nuclides, as discussed in Section 1.3. The sample
analysis given in this section is based on contamination of soil material with
uranium-238 decay series nuclides. The uranium-238 decay series is illustrated in Figure 4.1. For each site-specific analysis, the local radiological
conditions coupled with the proposed action would be used to perform the
radiological assessment.

*The term "dose" is used synonymously with "dose equivalent" in this section.
These terms are defined in the glossary of this report.
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In assessing potential radiological impacts, it is necessary to identify
the appropriate exposure pathways and to estimate values for different parameters required to perform the assessment. The assumptions made should be
based on engineering judgment and incorporate the detailed plans associated
with the proposed action. All data deficiencies require estimates so that the
radiological impacts can be quantified. The accuracy of the estimated impacts
is dependent upon reducing to a minimum the number of assumptions that must be
made. The results of the radiological impact assessment are therefore approximate and may differ from the actual impacts that would occur during the remedial
action.
Due to the complexity of this topic, it is not possible to include in
this section a detailed description of radiation and its implications for
human health. Definitions of many commonly used terms associated with radiation are given in the glossary of this report. Readers wishing to learn more
about potential radiological hazards are directed to the following documents:
"Introduction to Health Physics" (Cember 1969); "Living with Radiation; the
Problems of the Nuclear Age for the Layman" (Brannigan 1976); "Natural Background Radiation in the United States" (Natl. Counc. Radiat. Prot. Measure.
1975); "Radiation - A Fact of Life" (Int. At. Energy Agency 1979), and "A
Nuclear Waste Primer" (League Women Voters Educ. Fund 1980).
4.2

CURRENT RADIOLOGICAL CRITERIA

This section summarizes some of the relevant guidelines and standards
appropriate for consideration in establishing occupational and public radiation
dose limits and allowable concentrations of radionuclides in soil material
following a remedial action. A more detailed presentation of these regulatory
considerations is given in Appendix B. It is necessary to be cognizant of
these radiological criteria to provide perspective on the radiological impacts
associated with a property-cleanup/interim-storage remedial action.
Standards for radiation exposure limits for the general population and
workers have not yet been determined specifically for FUSRAP activities. It
is anticipated that these standards will be set based on the current body of
existing regulations. The inclusion of standards from various agencies for
radiation exposure limits in this document should not be construed as a recommendation for their use in this program. The standards that are eventually
implemented for FUSRAP will include such considerations as current and future
health risks, ability to ascertain whether the standard has been met, costs,
land-use restrictions, and other similar concerns. A DOE task force of health
effects experts was convened in late 1981 to analyze the risks of health
effects at FUSRAP sites and to recommend program standards (Keller 1981a).
4.2.1

Radiation Dose Limits

Various governmental agencies and advisory groups have set limits for
protection against radiation hazards. Two sets of limits are usually prescribed; one for workers (occupational dose limits) and one for the general
population. The population dose limits generally are less than the occupational
dose limits by a factor of ten. Agencies that have set radiation dose limits
include the U.S. Nuclear Regulatory Commission (NRC), the U.S. Environmental
Protection Agency (EPA) and the incorporated Federal Radiation Council (FRC),
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the U.S. Department of Energy (DOE), the National Council on Radiation Protection and Measurements (NCRP), and the International Commission on Radiological
Protection (ICRP). Of these, only the latter two are not official government
agencies and, therefore, these two agencies provide only recommendations
rather than regulations.
Radiological dose limits for occupational exposures shoving the comparative NRC, DOE, NCRP, and ICRP limits for the whole body and various organs
are presented in Table 4.1. The EPA provides criteria relative to the general
environment and does not specifically make recommendations on occupational
dose limits. Radiological dose limits for the general population for these
five agencies are presented in Table 4.2. More detail on these dose limits is
given in Appendix B.
4.2.2

Residual Contamination Limits

Most of the FUSRAP sites were contaminated as a result of activities
associated with processing various types of uranium and thorium ores and
related compounds. Onsite soil materials were contaminated as a result of
intermixing with these ores and compounds, and nearby properties were contaminated as a result of such mechanisms as deposition and resuspension. A
property-cleanup/interim-storage remedial action is taken to remove contaminated soil material from these nearby properties and move it to a centrally
located area for storage. A major component in such a remedial action is to
ascertain the amount of material that must be excavated and moved. This is
dictated by what is considered to be an acceptable level of residual radioactive contamination at the decontaminated properties. Residual contamination
limits for cleanup of contaminated properties have not been established for
FUSRAP sites.
The U.S. Environmental Protection Agency has proposed environmental
standards for cleanup of open lands contaminated with residual radioactive
materials from inactive uranium processing sites (U.S. Environ. Prot. Agency
1980). These standards are intended to ensure that remedial actions are
conducted so as to provide reasonable assurance that: (a) the average concentration of radium-226 attributable to residual radioactive material from any
designated processing site in any 5-cm thickness of soils or other materials
on open land within 1 ft of the surface, or in any 15-cm thickness below 1 ft,
shall not exceed 5 pCi/g; (b) the levels of radioactivity in any occupied or
occupiable building shall not exceed either an average indoor radon decay
product concentration of 0.015 working level (WL) including background or an
indoor gamma radiation concentration of 0.02 mR/h above background because of
residual radioactive materials from any designated processing site; and
(c) the cumulative lifetime radiation dose to any organ of the body of a
maximally exposed individual resulting from the presence of residual radioactive materials or by-product materials shall not exceed the maximum dose
that could occur from radium-226 and its decay products under (a) and (b).
Radiation from land that satisfies the 5 pCi/g residual contamination level
following cleanup would be within the normal variations among undisturbed land
areas. The 5 pCi/g residual contamination level for radium-226 was utilized
in the Phase I cleanup of properties near the Middlesex Sampling Plant (Boyer
et al. 1981).
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Table 4.1. Summary of Radiological Dose Limits for Occupational Exposure"!"1
NRC (10 CFR Part 20)

DOE {Order 5 4 8 0 . 1 , Chapter X I )

Whole body;
head and trunk;
active bloodforming organs,
lens of eyes,
gonads

1.2b rem/qtr
(3 rem/qtr up
to 5 rem/yr)

Whole body;
head and trunk;
lens of eyes;
red bone marrow;
active blood-forming
organs

Hands and
forearms;
feet and
ankles

18.7b rem/qtr

Hands and feet

Skin uf whole
body

7. b rem/qtr

5 rem/yr
(3 rem/qtr
up to annual
limit)

li)

limit)
15 rem/yr

30 rem/yr
(10 rem/qtr
up to annual
limit)

Hands and
feet

75 rem/yr
{23 rem/qtr
up lo annual
limit)

30 rem/yr
(10 rem/qtr
up to annual
limit)
Other organs,
tissues, and
organ systems

15 rem/yr
(5 rem/qtr
up to annual
limit)
0.5 rem in
gestation
period

fertile women
(with respect
to fetus)

Thi taole summarizes the major components of the radioloqical dose limits for these four agencies.
yiv n in Appendix B of thi^ document and in the references cited below.
i*

5 rea/yr

75 re»/yr
(25 ren/qtr
up to annual

15 rem/yr
(b rem/qtr
up to annual
limit)

forearms

Whole bodyt2

5 rem/yr

75 ren/yr
(25 rem/qtr
up to annual

Unlimited areas
of the skin
(except hands
and forearms);
other organs,
tissues and organ
systems (except
bone)

ICRP (Report No. 26)

NCRP (Report Ho. 39)
Whole body

Additional details are

ICRP has recommended a series of weighting factors to convert organ-specific doses to the equivalent whole-body dose.

Sources

NRC - U.S. Nuclear Regulatory Commission (1981).
DDE - U S . Department of Energy (1981).
NCRP - National Council on Radiation Protection and Measurements (1971).

Table 4.2. Summary of Radiological Dose Limits for Nonoccupationai Exposuret1
DOE (Order 5480.1. Chapter XI)
NRC (10 CFR Part ?0)
Whole body

reni/yr

EPA (Proposed 40 CFR 190t 2 )
Whole body

25 mrem/yr

Thyroid

75 mrem/yr

Whole body;
gonads;
bone marrow

Any other organ

25 mrem/yr

Other organs

Individual

Population

0.5 rem/yr

0.17 rem/yr

1.6 rem/yr

0. 5 rem/yr

NCRP (Report No. 39)
Individual
Whole body

il
t

z

t3

0.5 rem/yr
(0.1 rem/yr
for students)

ICRf (Report No. 26)

Population
0.17 rem/yr

Whole bodyt 3

0.S rem/yr

This table summarizes the major components of the radiological dose limits for these five aqencies.
are given in Appendix B of this document and in the references cited below.

Additional details

Specifically for uranium fuel cycle; applicability to fUSRAP not known at this time.
ICRP has recommended a series of weighting factors to convert organ-specific doscj to the equivalent whole-body dose.

Sources:

NRC - U.S. Nuclear Regulatory Commission (1931).
EPA - U.S. Environmental Protection Agency (1981).
DOE - U.S. Oepartment of Energy (1981).
NCRP - National Council on Radiation Protection and Measurements (1971).
ICRP - International Commission on Radiological Protection (1977).
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Residual soil material contamination standards have been proposed for
cleanup of radioactively contaminated sites in New Mexico (Keller 1981b,
1981c). These standards were principally the result of work described by
Healy (1977), Healy and Rodgers (1978), and Healy et al. (1979). The methodology used was to consider the various pathways by which radioactivity in
contaminated soil material might reach man. Using an annual dose limit of
0.5 rem and various pathway models, calculations were performed to determine
the limiting concentration of a particular radionuclide in the soil material.
These recommended remedial action criteria are presented in Table 4.3.

Table 4.3. Recommended Remedial
Action Criteria for FUSRAP
Sites in New Mexico

Radionuclide

Recommended
Soil Limits
(pCi/g)

Strontium-90
Cesium-137
Thorium-228
Thorium-230
Thorium-232
Uranium-234
Uranium-238
Plutonium-239
Plutonium-241
Americium-241

100
80
50
280
20
40
40
100
800
200

Source:

4.3
4.3.1

Keller (1981b, 1981c).

METHODOLOGY FOR PREDICTING RADIATION DOSES
Overview

The methodology for estimating radiation doses and health effects is
shown schematically in Figure 4.2 and is comprised of the following steps:
1.

Determine the characteristics of the areas that are candidates
for remedial action and develop a list of parameters that are
needed for the assessment.

DOSE TO GENERAL POPULATION FROM SITE(S)

DESCRIBE
ENVIRONMENT
DEFINE
ACTION
ALTERNATIVES

DETERMINE
SITE
PARAMETERS

ESTIMATE
SOURCE TERMS

DETERMINE
ENVIRONMENTAL
PATHWAYS

Meterology
Hydrology
Demography
Agricultural
Production

PREDICT DOSE
COMMITMENTS
CALCULATE
ENVIRONMENTAL
CONCENTRATIONS

Individuals
(nearby
residents)
Collective
Population

DETERMINE
HEALTH
EFFECTS

DOSE TO GENERAL POPULATION FROM TRANSPORTATION

PREDICT DOSE
COMMITMENTS

DESCRIBE
ENVIRONMENT
DEFINE
ACTION
ALTERNATIVES

DETERMINE
TRANSPORT
SYSTEM
PARAMETERS

ESTIMATE
SOURCE TERMS

DETERMINE
ENVIRONMENTAL
PATHWAYS

DETERMINE
SITE AND
TRANSPORT
PARAMETERS

ESTIMATE
SOURCE TERMS

CALCULATE
CONCENTRATIONS
AND DOSE RATES

Demography
Transport
Routes

CALCULATE
ENVIRONMENTAL
CONCENTRATIONS

Individuals
(nearby
residents)
Collective
Population

OCCUPATIONAL DOSE

DFFINE
ACTION
ALTERNATIVES

PREDICT
DOSE
COMMITMENTS

DETERMINE
HEALTH
EFFECTS

Figure 4.2. Schematic Representation for Estimating Radiation Doses
and Health Effects.

DETERMINE
HEALTH
EFFECTS
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2.

Estimate the quantities of radioactive material that would be
released in the form of airborne particles or gas during decontamination and interim storage. The estimated source terms
(i.e., the quantity of radioactivity released) during the
representative action (including the storage phase) are
described in Section 4.3.2.

3.

Determine the appropriate pathways by which people may be
irradiated. The pathways included in this analysis are inhalation, ingestion of food, and external radiation from grounddeposited and airborne radionuclides. A discussion of these
pathways is given in Section 4.3.3.

4.

Determine the location of residents near the properties to be
decontaminated and in the vicinity of the interim-storage area,
as well as the population distribution within an 80-km radius.
An 80-km radius is somewhat arbitrary but is used conventionally
because, at this distance, the airborne concentrations of
radionuclides usually have decreased to a value that is indistinguishable from background concentrations. For a propertycleanup/interim-storage remedial action, background concentrations may be reached well before 80 km. In these situations,
it would not be necessary to analyze the 80-km population dose.
The 80-km population data used for illustrative purposes in
this document are given in Section 4.3.4.

5. Compute the concentrations of airborne particles and gas as a
function of distance and direction from the source using an
appropriate dispersion model and the expected meteorological
conditions. The chosen model should account for release from
multiple-area sources, ground deposition, resuspension, radioactive decay, and decay-product ingrowth. Computer codes that
are appropriate include the various versions of UDAD (Momeni et
al. 1979) and MILDOS (Strenge and Bander 1981). In choosing a
computer code to perform the dispersion analysis, it is important
to ascertain the data requirements for use of the particular
code and the availability of such data. Usually, remedial
action would be undertaken from late spring to early fall so
that summer meteorological conditions would be appropriate for
the analysis. The meteorological parameters used for the
sample analysis are specified in Section 4.3.5.
6.

Having determined the location of the population relative to
the site and the concentration of radioactivity as a function
of location, calculate the radiation doses to individuals in
nearby locations and the general population within 80 km. The
methodology used to estimate concentrations of radioactivity in
the environment and to predict the resulting dose commitments
is described in Section 4.3.6. The radiation doses to the
general population that have been predicted by applying this
methodology to the representative remedial action are discussed
in Section 4.4.1.
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4.3.2

7.

Estimate the radiation doses associated with transporting the
FUSRAP wastes from the contaminated properties to the interimstorage site. The transportation doses would primarily result
from external gamma radiation from the material being transported. The radiation doses to the general population from
transporting the FUSRAP wastes are described in Section 4.4.1.

8.

Calculate the radiation doses to the work force performing the
remedial action. To estimate this impact, it is necessary to
have a detailed description of the proposed action because
occupational doses are strongly dependent upon the length of
time workers spend in radiation environments. The representative remedial action that has been analyzed is described in
Section 2. The occupational doses that have been predicted to
result are given in Section 4.4.2.

9.

Estimate the health effects that may be attributed to the
predicted radiation doses. The health-effects conversion
factors should be based on the latest generally accepted riskestimating methods, including the conclusions of the BEIR III
Committee (Comm. Biol. Effects Ionising Radiat. 1980) and the
International Commission on Radiological Protection (1979).
The health-effects conversion factors recommended by a DOE task
force of health effects experts can be used when they become
available (Keller 1981a). An estimate of health effects is not
included in this document because the report of this panel has
not yet been adopted for general programmatic guidance.

Derivation of Source Emission Terms

The remedial action being considered in this report involves the excavation of contaminated soil material and its transportation over relatively
short distances (typically less than a few kilometers) to an interim-storage
site. The action can be divided into two operational phases: (1) the construction/decontamination phase, and (2) the interim-storage phase. Most of
the releases of radioactive material would occur during the construction/
decontamination phase. The two major forms of radioactive material that could
be dispersed offsite during this phase would be particles and radon gas.
During the interim-storage period, the only significant radioactive release
would be radon gas because the storage pile cover would prevent the escape of
windblown particulates. For purposes of these analyses, it has been assumed
that the storage pad would be designed and constructed so that contamination
of surface water and groundwater supplies would be prevented during the 20-year
interim-storage period.
Implementation of a property-cleanup/interim-storage remedial action
involves the potential for contaminating local surface or groundwater supplies
by such mechanisms as runoff, seepage, and erosion. These mechanisms, and
methods for evaluating the magnitude of potential releases to the environment,
are presented in Sections 3.4 and 3.5 of this document. These mechanisms are
not projected to contribute significantly to the radiological impacts of
implementing a property-cleanup/interim-storage remedial action and thus are
not addressed in this section. Additionally, the radiological impacts associated with severe natural pnenomena (such as a tornado striking the interim-
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storage site) are also not addressed. These impacts would be addressed for
site-specific analyses if there was an indication that such pathways or natural
phenomena could cause significant radiological impacts.
There are three general locations where people could be exposed to radiation as a result of this action:
1. Near the contaminated properties that are being cleaned up.
2. Along the transportation routes from the contaminated properties
to the interim-storage site.
3. In the region surrounding the interim-storage site.
Fugitive dust would be generated by the cleanup work at both the contaminated properties and the interim-storage site during the construction/decontamination phase. According to the information presented in Table 3.4, the major
release of fugitive dust occurs at the properties being decontaminated. The
dusting associated with operations at the storage area would contribute less
than 1% to the total amount of fugitive dust. Thus, the only source of
fugitive dust analyzed in this section is that associated with decontaminating
the various properties.
The concentrations of radionuclides assumed to be present in the soil
material are 50 pCi/g of uranium-238 and uranium-234 and 100 pCi/g of
thorium-230 and its decay products (see Table 2.1). Using these concentrations of radionuclides, a dust-emission rate of 20 kg/d for a site located in
the northeastern United States (see Table 3.4), and an assumed duration of
130 days for cleanup operations, the approximate quantities of uranium-238/
uranium-234 and thorium-230 and its long-lived decay products that are carried
away with the dust are found to be approximately 1.3 x 10- 4 Ci and 2.6 x 10- 4 Ci,
respectively.
Because the thorium-230 decay products are assumed to be in secular
equilibrium, the concentrations of radium-226 and radon-222 also would be
100 pCi/g of bulk, contaminated soil material. Radon-222 would be released at
two stages of the construction/decontamination phase—namely, when the soil
material is disturbed during excavation and when it is placed on the storage
pad prior to covering and stabilization. For the first case, all radon-222
that would be present in the gas-filled pores of the soil material is assumed
to be released at a uniform rate during the remedial action. The 30,000 m 3 of
soil material that would be excavated in this remedial action (see Table 2.1)
would contain about 7 Ci of radium-226 and, at equilibrium, 7 Ci of radon-222.
The emanation power (fraction of the radon that enters the pore spaces from
the mineral particles) was taken to be 0.2, so that 1.4 Ci of radon-222 would
be present in the soil gas and is assumed to be released. The remaining
5.6 Ci of radon-222 would remain within the mineral particles and is not
available for release. For the second case, during storage but prior to
covering and stabilization, radon-222 formed from decay of radium-226 is
assumed to diffuse through the pile and be released from the surface. For
soil with a uniform radium-226 concentration of 100 pCi/g, a reasonable estimate of the surface flux would be about 100 pCi/m2-s (U.S. Nucl. Reg. Comm.
1980a). During this phase of the remedial action, about 7 Ci would be released.
Thus, the total radon-222 released during the construction/decontamination
phase would be about 8 Ci.
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The transportation impacts to the general population are assumed to be
limited to those attributable solely to direct gamma radiation because covering
or wetting the loaded trucks should prevent contaminated material from being
blown off. The amount of radon released during transport would be small due
to the short time that ttie material would be in transit.
During interim storage, the only radioactive release would be the gas
radon-222. For this analysis, the radon flux is assumed to be reduced by a
factor of ten as a result of the addition of uncontaminated soil material or
other form of cover
over the stored materials. The surface radon flux would
then be 10 pCi/m2-s for soil contaminated with 100 pCi/g of radium-226.
Assuming a 1-ha storage area (see Table 2.1), a total radon gas release rate
of about 3 Ci/yr would occur.
4.3.3

Radiation Exposure Pathways

When radioactive materials are dispersed into the environment by an
activity such as a property-cleanup/interim-storage remedial action, there are
several ways by which this contamination can deliver a radiation dose to human
beings. Radiation from airborne or ground-deposited radioactive particles can
cause direct, external exposure. Airborne particles can also be inhaled into
the lungs where some of them could be deposited and subsequently irradiate the
surrounding tissue and some could be transported to other portions of the body
where a dose of radiation would be delivered. If contaminated food or water
are ingested, radioactivity may find its way throughout the body and irradiate
any number of organs and tissues. The various possible routes by which radioactivity may enter human bodies are called "pathways". An example of a rather
simple pathway is inhalation of windblown particulates. A more complex ingestion pathway might begin with deposition of airborne radioactive particles on
grass, the grass then being eaten by a cow, and the radioactivity subsequently
transferred to the cow's milk, which, in turn, is consumed by a human.
Exposure pathways that are considered to be of potential significance in
the context of this report include inhalation, direct radiation from grounddeposited and airborne particles, and ingestion of meat, milk, and vegetables.
A drinking water pathway is not considered because the storage area is assumed
to be designed to prevent radionuclides from reaching drinking water supplies.
For the ingestion pathways, it was assumed that individuals living at the
four specific locations given in Section 4.3.4 eat contaminated vegetables
grown in their own private plots. No meat or milk were assumed to be produced
by these individuals. For members of the general population, it was assumed
that the meat, milk, and vegetables they consume come from four farms located
at distances of 10, 20, 40, and 60 km downwind of the site. Using food production values suggested by the U.S. Nuclear Regulatory Commission (1977a) and
the model population of the 80-km radius region of about 2 million people, it
was found that 19% of the meat, 100% of the milk, and 40% of the vegetable
requirements could be supplied from within the 80-km radius region. The
remainder would be supplied from sources outside of the region.
4.3.4

Population Distribution

The distribution of the population within 80 km (50 miles) of the propertycleanup/interim-storage action is needed to determine the radiological impacts
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to the general population. The choice of 80 km is somewhat arbitrary. It is
used conventionally because, at this distance, the airborne concentrations of
radionuclides would usually have decreased to a value that is indistinguishable
from background concentrations. In many cases, it is expected that background
concentrations would be reached well before 80 km.
In order to begin an assessment for a real FUSRA'P site, the actual,
existing population distribution would be obtained and extrapolations or
projections would be made to the extent required. For the sample analysis
described in this document, a hypothetical population distribution was generated, based on the densities of representative FUSRAP site locations. A
survey of these locations indicated that many sites are located within 80 km
of densely populated urban areas, including the metropolitan areas of New York
City and Chicago. To represent these areas, the assumption was made that the
area to be decontaminated was located about 5 km from the center of an urban
area with a total population (0-10 km) of about one-half million and a metropolitan area population (0-80 km) of about 2 million. The assumed population
densities are:
Distance from Site
0 - 10 km
10 km - 20 km
20 km - 40 km
40 km - 80 km

Persons per
Square Kilometer
2000
800
300
30

A population distribution can be presented in a graphical form called a
rose, which shows the population in 16 sectors with varying radii. The population roses used for this analysis are presented in Figures 4.3 and 4.4.
Figure 4.3 shows the distribution within the first 10 km; Figure 4.4 shows the
distribution from 10 to 80 km.
In addition to calculating the radiation dose to the general population
distributed geographically as described above, doses also were calculated to
hypothetical, maximally exposed individuals at four additional locations along
a line bearing ENE from the center of the area being decontaminated. This
direction is downwind of the prevalent direction for summer months (see Section 4.3.5). The first location is at the property boundary, a distance of
76 m from its center. The second location is another 76 w. away from the
center of the area being decontaminated, and the third and fourth locations
are about 300 and 600 m away from the center. These four locations were
chosen to provide an indication of dose reduction with distance.
4.3.5

Meteorology

Atmospheric transport of radionuclides in particulate or gaseous form and
their subsequent downwind concentrations can only be estimated after first
acquiring information on local meteorological parameters. The three most
important variables for determining atmospheric dispersion are wind speed,
wind direction, and atmospheric stability. Hourly values for these parameters
are needed for some analyses (e.g., accidents). However, when long-term
(seasonal or annual), average exposure is of concern, a climatological
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representation is adequate. A graphical depiction of data on wind speed and
direction commonly takes the form of a wind rose such as Figure 4.5. This
wind rose is for the Buffalo, NY, area for the years 1967-1971. Each segment
represents the frequency of occurrence of a wind speed class from one of the
16 compass points over the period of record.
If the emissions occur during a fraction of the year, as would be the
case for a construction job during the summer months, it is appropriate to use
only that period of record. Figure 4.6 depicits data for only the summer
months which may be compared to data for the full year as shown in Figure 4.5.
The summer wind rose shown in Figure 4.6 was used in this document to estimate
the offsite radiological impacts from the hypothetical property-cleanup/interimstorage remedial action.
For sites located in the proximity of large bodies of water or in areas
of complex terrain, selection of representative meteorological data is a
critical step in estimating concentrations of airborne contaminants. It has
been shown that the use of offsite meteorological data that is not representative of a site can result in an overestimation or underestimation of predicted concentrations by as much as two orders of magnitude (Dungey et al.
1980).
4.3.6

Methodology to Predict Radiation Doses

The preceding sections have described the various input parameters necessary to perform the radiological impact assessment. In this section, the
methodology is described that was applied for this sample assessment and that
would be used for similar actions. The methodology includes the calculational
procedures used to determine exposure to the general population and to workers
from the remedial action.
There are many possible methods that may be used to predict the potential
radiological impacts for this type of action. These range from rule-of-thumb
and hand calculations to sophisticated computer codes. Complex calculations
would be used only when the necessary, rather extensive quantity of sitespecific information was available. The accuracy of an analysis is dependent
upon the site-specific data that are available, as well as other factors.
Increased complexity of a calculational procedure cannot compensate for the
lack of complete, reliable data. Therefore, the sophistication of the models
and computational techniques should be consistent with the available input
data.
4.3.6.1 Source Terms
There are three major sources of radioactivity that could lead to radiation exposure as a result of a property-cleanup/interim-storage remedial
action. These are (a) release of radon-222 gas, (b) release of radioactively
contaminated particulates, and (c) direct gamma exposure. In this section,
the methods utilized to predict these three source terms are given.
Radon-222 Release. A major source of radiation dose from a FUSRAP site
containing radium-226 is likely to be radon-222. Radium-226 in the waste
decays by alpha-particle emission and becomes radon-222, an inert (noble)
radioactive gas. The radon-222 gas that is released into the spaces between
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the grains of waste material diffuses toward the surface; much of it undergoes
radioactive decay enroute, and the radioactive daughter products remain within
the wastes. The radon-222 that reaches the surface escapes into the air
above, where it is mixed by local air turbulence. The wind carries the
radon-222 with it and continually decreases the concentration by further
mixing and dilution. Persons at or downwind of the FUSRAP site will be
exposed to some concentration of radon-222 and its particulate radioactive
decay products in the air they breathe.
The rate at which radon-222 escapes from a unit surface area (the exhalation rate) depends on many factors, including the emanating power, density,
porosity, moisture content, and radium-226 content of the soil material. The
vertical distribution of the radioactivity, as well as the total amount of
radium-226, will affect the surface exhalation rate. Radon-222 migrates
through a porous medium by diffusion and also as a result of transport
phenomena that depend to an important extent on meteorological conditions.
Therefore, field measurements of radon exhalation rates are highly variable,
and great care must be exercised in the use of short-term measurements to
approximate average or steady-state conditions. Despite the experimental
difficulties, diffusion theory has proven to be useful in the prediction of
average radon flux and concentrations in a variety of media.
Radon-222 flux can be approximated with diffusion theory by the following
equation:
J = S^£-

tanh

(-r-^—-)

(4.1)

where:
J = surface radon-222 flux, pCi/m2-s
S = volumetric source of radon-222, pCi/m3-s
D = effective diffusion coefficient of radon-222 in the
interparticle void spaces, m 2 /s
A. = radon-222 decay constant, s-1
p = porosity, dimensionless
L = depth of contamination, m
The term V & A p ' is called the relaxation length. If the depth
of contamination, L, is > 2 or 3 relaxation lengths, then tanh (LA/DAp 1 ) approaches 1 and
the radon-222 flux can be described by:

J = SWfA major difficulty associated with use of diffusion theory is to
accurately estimate the diffusion coefficient. It is unreasonable to select a
single value as being typical because a wide range of values have been assigned
to the bulk diffusion coefficient for various soil materials from various
geographic areas, and even within a limited area, and because the field and
laboratory conditions and procedures under which they were obtained are
variable. Recent research has culminated in the identification of moisture
content as the key factor governing radon-222 attenuation. The large variability of the effective diffusion coefficient as a function of moisture content
clearly dominates and obscures the much smaller pertubations induced by variations in other soil material properties. Hence, the most important single
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characteristic of the FUSRAP waste materials, with respect to radon-222 attenuation, is their ability to retain moisture.
The volumetric radon-222 source can be approximated by the following
equation:
S = 10 3 C R a E p A

(4.3)

where:

S = volumetric radon-222 source, pCi/m3-s
1C 3 = g/kg
CRa = concentration of radium-226 in the soil material, pCi/g
E = emanating power, dimensionless
p = bulk density of the soil material, kg/m3
\ = radon-222 decay constant, s-1

The emanating power is the fraction of radon-222
into the surrounding void spaces. The emanating
to be about 0.2. By combining Equation 4.3 for
strength with Equation 4.2 for radon-222 surface
is obtained:

J = 103 C

Ra

that escapes from a particle
power, E, is typically taken
radon-222 volumetric source
flux, the following equation

F

Equation 4.4 can be used to calculate the radon-222 surface flux from FUSRAP
soil materials contaminated with radium-226.
Airborne Particuiates. The suspension of radioactively contaminated
particulates and subsequent transport by wind creates another potential pathway
for human exposure. The mechanism of movement of waste particles by wind is
dependent on wind velocity, physical properties of the materials, and nature
of the soil surface. Wind forces can generate three basic modes of particle
movement: surface creep, saltation, and airborne suspension.
Surface creep involves particles ranging in size from 500 to 1000 urn.
These particles are rolled along the surface by the push of strong winds and
by exchange of momentum after impact with smaller particles in saltation.
Saltation consists of individual particles jumping and lurching within a few
centimeters of the ground. Particles that saltate are from 100 to 500 urn in
size, depending on shape and density, and are quickly brought back to the
ground by the gravitational force. Particles smaller than 100 urn may have a
velocity of fall lower than the upward velocity of the turbulent wind. Such
particles are carried through the atmosphere for long periods and to great
distances from their original location. The mechanism by which fine particles
are lifted off the ground is different from that of saltation. It has been
observed that samples of soil material composed only of fine dust particles
may be extremely resistant to erosion by wind, but these particles move readily
in mixtures with coarser grains. It was concluded that suspension of the fine
dust in air may be primarily the result of movement of grains in saltation.
A variety of equations have been developed to predict the amount of
particulates that will become airborne under the influence of wind. Some of
these are based on theoretical derivations and others on empirical correlations
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from measurements. There is no one predictive equation that is generally
acknowledged to be superior. The amount of material released by this pathway
can be expressed by the simple equation:
E = a I f. V.
where:
E
a
f.
V.

=
=
=
=

(4.5)

particulate flux, pCi/m2-s
specific activity of soil material, pCi/g
frequency of wind speed i, dimensionless
vertical flux of particulates for wind speed i, g/m2-s

The difficulty in using this equation is to predict the vertical flux of
particulates V.. This term is dependent upon surface roughness, density of
soil material, moisture content of soil material, average diameter of grains,
and distribution of grain sizes. Once these parameters are known, existing
correlations can be used to predict the vertical flux of particulates for
different wind speeds. Equation 4.5 and the local meteorological conditions
are then used to predict the release of airborne particulates.
Direct Gamma Exposure. The third source of potential radiation exposure
is from gamma rays resulting from radioactive decay of radioisotopes in FUSRAP
wastes. On the average, every disintegration of an atom of radium-226 eventually results in the production, through decay of its daughter products, of
slightly over two photons. These photons have an average energy of about
0.8 MeV. The total gamma-ray flux emitted from the surface of the contaminated
soil material is made up of unscattered gamma rays and gamma rays that have
been scattered by the overlying soil material but still reach the surface.
The unscattered gamma-ray flux is a function of the gamma-ray emission rate
and energies, the linear attenuation coefficient of the soil material, and the
depth of the contaminated material. The scattered gamma-ray flux may be
described by a buildup factor, whose value depends upon the attenuation coefficient, thickness of overlying material, and the energies of the unscattered
gamma rays.
Most of the gamma rays emitted by the decay products of radium-226 are
from bismuth-214 and lead-214. Both of these radioisotopes are decay products
of the gas radon-222. As discussed previously, about 20% of the radon-222
leaves the particles and is able to diffuse through interstitial spaces in the
soil material and reach the surface where it can escape to the atmosphere.
The effect of radon-222 loss to the air from soil material is to reduce the
gamma-ray source. Moisture increases the gamma radiation field because of
greater retention of radon-222, which decays to gamma-emitting daughters.
Conversely, moisture reduces the gamma radiation by increasing the amount of
material with which the gamma rays interact before escaping.
The gamma exposure directly over contaminated soil material can be approximated by the following equation:
E « 2 CRa

(4.6)
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where:
CR

E = gamma exposure rate, jjR/h
= concentration of radium-226 in soil material, pCi/g

The exposure rate decreases as the distance from the FUSRAP site is increased.
However, since this is an area source rather than a point source, this reduction does not follow the inverse square law. The direct gamma radiation field
would be highly dependent upon the geometry of the area being decontaminated.
The easiest means to predict the radiological impact from this source is to
use the results of a radiological survey.
4.3.6.2 Airborne Dispersion
The radionuclides released as a result of remedial action would mix into
the passing airstream by local turbulences and be carried off by the wind,
which would continually decrease the concentration of these radionuclides by
mixing and dilution. This process of airborne dispersion would eventually
deliver a dilute concentration of radionuclides to the downwind locations of
people who may be exposed to radiation that originated from the contaminated
soil material. The gamma exposure arising directly from the contaminated
properties would not be affected by airborne dispersion but would be reduced
with distance due to geometrical attenuation and interaction with air molecules.
In general, the gamma exposure to the nearby populace would be mainly due to
the deposition of contaminated particulates and radon-222 decay products that
have been blown away from the FUSRAP site. In this section, the mechanism of
airborne dispersion of radon-222 and contaminated particulates from the remedial
action are considered.
Continuous dispersion models describing the spatial and temporal variations of radioactive concentrations in plumes have been primarily based on the
Gaussian plume dispersion formulation. The ground-level concentration of a
radionuclide in air at any location downwind from a point source is given by
the following equation:

where:

X = downwind concentration, Ci/m3
x = downwind distance, m
Q = effective source emission rate, Ci/s
a = standard deviation of the plume concentration
1
in the vertical direction, m
u = mean wind speed, m/s
h = effective height of release, m
n = number of sectors (usually 16), dimensionless

Wind speeds in each of the 16 sectors are usually grouped in six classes:
0-3, 4-6, 7-10, 11-16, 17-21, and > 21 knots. The dispersion in the vertical
direction is governed by o 2 , which has been tabulated for various atmospheric
stabilities. The stability of the atmosphere is dictated by its vertical
temperature profile and wind turbulence. Six stability categories are
generally used.
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The average concentrations of radionuclides over a period of time are
calculated by summing the concentrations from various sources weighted by their
frequency of occurrence for a particular wind speed and stability class. This
can be expressed for each radionuclide by the following equation:
X(X,Q) = 1 1 1 f(D,W,S) x(x,D,W,S,Q)
D W S
where:
X = concentration, Ci/m3
x - downwind distance, m
Q = source strength, Ci/s
f = frequency, dimensionless
D = direction of wind (16 sectors), dimensionless
W = wind speed (6 classes) m/s
S = atmospheric stability (6 classes), dimensionless

(4.8)

For area sources, the release can be approximated by dividing the area into
appropriate point source subelements and numerically integrating the contributions from these individual subelements to determine the total airborne
concentration.
The concentration of radioactive material released to the atmosphere is
depleted by the mechanisms of dry deposition, wet deposition, and radioactive
decay. These depletion processes result in a reduction of the effective
source strength at increasing distances from their point of emission. Deposition, as used in this context, includes the processes of gravitational settling,
adsorption, particle interception, diffusion, chemical electrostatic effects,
and rain wash. The physical processes that determine the deposition velocity
are dependent on the material being deposited, local topography, and air
turbulence.
For many situations, computer codes can be used to calculate the radiation doses to members of the general population. Emissions from a remedial
action are expected to come from extended-area sources more often than from
localized point sources. The size of the source has a significant effect on
the concentrations of airborne dust and ground-deposited particulates to which
residents close to the site would be exposed. At short distances from the
point of release, the concentrations of dust due to an area source are generally
less than those from a point source with the same total emission rate. An
appropriate model must be selected when calculating doses to individuals close
to the site. The computer code UDAD, which includes a Gaussian plume dispersion
model with point or area sources, was used in this document to compute offsite
concentrations of radioactive materials.
4.3.6.3 Radiation Exposure Mechanisms
The radiological impacts that are calculated in this document consist of
three general groupings: (1) doses to the general population near the remedial
action, (2) doses to the general population as a result of transporting the
contaminated material to another location, and (3) doses to workers performing
the remedial action. In this section, the manner in which these three groups
of people are impacted is described.
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General Population near the Remedial Action. After the level of radioactivity has been determined for the various locations near the remedial
action, the amount of contamination that may be inhaled or ingested must be
estimated. Environmental media concentrations are computed as functions of
the average air concentrations resulting directly from releases associated
with the remedial action and the time period over which those releases would
occur. Total deposition rates and ground concentrations are used to compute
concentrations in various categories of vegetation, including hay and forage.
Hay and forage concentrations are used to calculate radioactivity concentrations in meat and milk ingested by humans.
Total air concentrations are required in order to compute total deposition rates onto vegetation, inhalation doses, and external doses directly from
airborne activity. The total air concentration of each isotope at each location, as a function of particle size, is computed as the sum of the direct air
concentration and the resuspended air concentration. The direct air concentration is calculated using the Gaussian plume dispersion model described
previously. The resuspended air concentration is computed using a time- and
particle-size-dependent resuspension factor. The resuspension factor is
dependent upon the local soil material characteristics. The contaminated air
can cause radiation doses by direct exposure as well as by inhalation.
Ground radionuclide concentrations are computed from the calculated
airborne particuiate concentrations arising directly from the remedial action.
This ground contamination can result in direct exposure of nearby persons or
indirect exposure through ingestion via uptake by vegetation. The amount of
contamination uptake by vegetation is dependent upon the ground concentrations
of radionuclides and the total deposition rates. Ground concentrations are
used to determine vegetation concentrations resulting from root uptake, and
total deposition rates are used to determine vegetation concentrations resulting from foliar retention of deposited radioactivity. This contaminated
vegetation can be consumed by nearby individuals or enter the food chain
through consumption by livestock.
General Population near the Transportation Route. The radiation doses to
the general population that are associated with transporting FUSRAP waste
materials would be primarily those from direct gamma radiation. Radon-222 and
particulate releases would be small because the material in the truck would be
wetted or covered during transit and the time of transit would be quite short.
The direct gamma exposure was calculated by using information on photon emissions associated with the uranium-238 decay chain for the concentrations of
the various radionuclides in the soil material. The shipment can be approximated as a right circular cylinder, and the photon flux on the surface of the
cyclinder can be calculated using various computer codes (e.g., see Chen et
al. 1981). The self-shielding effect of the soil material is taken into
account in this type of analysis. Once the surface gamma-ray flux is known,
the radiation doses are calculated based on site-specific transportation
parameters.
Workers. Occupational radiation doses consist of two components:
(1) whole-body doses arising from external radiation exposure, and (2) radiation doses from inhalation of contaminated dust and radon decay products.
External whole-body doses are calculated by multiplying the length of time
workers spend in various radiation fields by the radiation field strength and
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summing over the number of workers involved. This calculation requires
detailed knowledge of the proposed action to allow estimates of the number of
workers involved and their locations during execution of the action. The
internal dose is calculated in a similar manner using the estimated concentrations of aiiborne radionuclides in the work environment.
4.3.6.4 Radiation Doses
Once the environmental distribution and concentrations of radionuclides
are determined by use of the methods described above, this information can be
used to determine the individual and population radiation doses as well as
radiation doses to workers. The principal difference among the exposure
pathways is the manner in which the radionuclide concentrations in water, air,
soil material, or food products impact man. The concentrations are functions
of such parameters as radionuclide release rates, atmospheric dispersion,
resuspension and deposition rates, plant uptake parameters, and bioaccumulation.
A usage parameter can be incorporated in the radiation dose calculations to
define the number of hours of external exposure and intake rates of contaminated foods, water, and air. Average adult usage values are the basis for the
collective population radiation dose estimates, whereas maximum adult usage
values are used for calculating the dose to the maximally exposed individual.
Dose conversion factors for inhalation and ingestion (i.e., the dose per
pCi of intake) were calculated in this document using the computer code UDAD.
This code incorporates the ICRP Task Group Lung Model to calculate doses to
the lung and other organs from the inhalation pathway. Equations for calculating the internal dose from ingestion of contaminated foodstuffs also are
derived from ICRP recommendations. Internal dose-conversion factors are
utilized to calculate 50-year dose commitments, i.e., the dose that will be
received over a period of 50 years following intake into the body. Annual
doses given for individuals are the 50-year dose commitments resulting from a
one-year exposure period.
External exposure results from irradiation from airborne radionuclides
and ground-deposited radioactive substances plus the direct gamma exposure
from the properties being decontaminated and the interim-storage pile following
remedial action. These doses are calculated by using dose-conversion factors
that give the effective dose resulting from exposure to various gamma-emitting
radionuclides. Two sets of dose-conversion factors are used; one for radionuclides suspended in air and one for ground-deposited radionuclides. These
factors are specific for each of the various nuclides involved because the
number and energy of the emitted gamma-rays are characteristic of each particular nuclide.
4.4

RADIATION DOSES

The radiation doses to the general population and to the work force
performing the representative property-cleanup/interim-storage remedial action
described in Section 2 are given in this section. These doses are those
predicted to occur both during the construction/decontamination phase and
during the ensuing interim-storage period. These estimated impacts are
expected to be representative of those that would occur from implementing this
general type of remedial action, although the actual impacts would vary from
those given here because of site-specific characteristics.
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4.4.1

Radiation Doses to the General Population

The radiation doses to the general population arise from three sources:
(1) releases associated with the remedial action at the properties being
decontaminated, (2) transportation on public roads, and (3) releases during
the interim-storage period. In this section, the radiation doses from these
three sources are described.
4.4.1.1

Construction/Decontamination

Fifty-year radiation dose commitments were computed for hypothetical
individuals residing at four specific locations and for the general population
described in Section 4.3.4. The four specific locations considered are at
distances of 76 m, 152 m, 300 m, and 600 m ENE (downwind of the predominant
wind direction) from the center of the area being cleaned up. As expected,
the radiation doses would be higher for individuals near the site, with an
approximately 10-fold decrease occurring from the immediate vicinity of the
remedial action to about 500 m away. As a result of radioactivity that
entered the body by inhalation plus external radiation from airborne and
ground-deposited particulates, the whole-body doses at these four locations
would range from 0.4 to 0.02 mrem, bone and lung doses from 10 to 0.4 mrem,
and bronchial epithelium from 23 to 1 mrem (see Table 4.4).
The dose commitments to individuals from consuming contaminated vegetables
grown at the same four specific locations would decrease about 25-fold from
the nearest to the farthest garden plot. For whole body, bone, and kidney,
the respective doses would range from 1.8 to 0.07 mrem, 22.6 to 0.8 mrem, and
5.8 to 0.2 mrem (see Table 4.4).
Ingestion dose commitments from consumption of meat, milk, and vegetables
were calculated for the general population within a radius of 80 km from the
site. It was assumed that all residents of this region have identical diets
that consist, in part, of foodstuffs grown in the region according to the food
production/requirement pattern described in Section 4.3.3. The dose commitments to each individual member of the general population from meat, milk, and
vegetable ingestion are listed in Table 4.4. All are negligibly small. The
ingestion dose attributable to the entire remedial action project is less than
the dose received every minute, year after year, from natural background
sources.
The general population would also receive a small dose commitment from
airborne radioactivity released by the cleanup operation; however, in contrast
to the uniform ingestion dose, the airborne dose is determined by the distance
and direction of the recipients relative to the site. The total population
dose or collective dose received by the roughly 2 million inhabitants of the
80-km area around the site would be 0.52 person-rem (whole-body) in the air
pathway and about one-twentieth as much from the ingestion pathway. The total
collective dose is less than the population of the region receives every two
minutes from natural sources.
4.4.1.2

Transportation

As described in a report of the U.S. Nuclear Regulatory Commission (1977b),
the radiation dose to the general population from transportation of radioactive
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Table 4.4.

Locationt1

t2
t3
t4
t5
t6

Pathway

Units

Whole Body

Bone

Lung
10
6
2
0.4

1
2
3
4

Airt2
Air
Air
Air

mrem
mrem
mrem
mrem

0.4
0.2
0.05
0.02

10
6
2
0.4

1
2
3
4

Vegetablet3
Vegetable
Vegetable
Vegetable

mrem
mrem
mrem
mrem

1.8
1.0
0.25
0.07

A
A
A

Meat
Milk
Vegetable

mrem
mrem
mrem

3.4 x 1 0 - 7
1.5 x 1 0 - 6
1.1 x 1 0 - 5

22.6
12.4
3.1
0.8
3.9 x 1 0 - 6
1.6 x 1 0 - 5
1.4 x 10-"

B
B

All foodst*
Air

organ-rem
organ-rem

0.023
0.52

0.29
10.6

Background!

t1

Radiation Dose Commitments Associated with Construct!on/Oecontaminati on
A c t i v i t i e s at a Model FUSRAP Site

5

mrem

100

135

-

;

Kidney

5.8
3.2
0.8
0.2
4.0 x 10- 6
1.6 x 10- 6
4.4 x 10- 5

Bronchial
Epithelium
23
13
3.5
1.0
-

-

0.092
37

2.96
200

-

200-600t 6

Locations 1 through 4 are at distances of 76 m, 152 m, 300 m, and 600 m ENE (downwind of the predominant wind direction) of the center of the area being cleaned up. A is each individual member
of the general public; the food consumed comprises the total local production of the region plus
outside sources to the extent that local production does not meet requirements. B is the collective dose to the general population of about 2 million people.
Air pathway includes inhalation and external dose from ground-deposited nuclides and from cloud
submersion.
All vegetables in diet assumed to be grown by each person at his particular location.
All foods is the sum of the individual meat, milk, and vegetable doses listed above, multiplied by
the population.
Background for midwestern regions, based on Report No. 45 of the National Council on Radiation
Protection and Measurements (1975).
Based on outdoor radon-222 concentration of 0.3 p '.i/L (Moses et al. 1963) and indoor concentration
of 1 pCi/L (U.N. Sci. Comm. Eff. At. Radiat. 1977) and a dose conversion factor of 625 mrem/yr
per pCi/L radon-222 (U.S. Nucl. Reg. Comm. 1980a).

wastes consists of the following three components: (1) dose to persons near
the road while the shipment is moving (off-link), (2) dose to the surrounding
population when the shipment is stationary (stops), and (3) dose to persons
sharing the road (on-link). This last category can be further divided into
the dose received by persons traveling in the same direction and those traveling in the opposite direction. This methodology was utilized to evaluate the
radiological impacts associated with transporting radioactive wastes from the
cleaned-up properties to the interim-storage site. Unit factors for the
transportation dose from these three categories are given in Table 4.5. These
unit dose factors were obtained using the results given in Chen et al. (1981)
and modified to be consistent with the parameters listed in Table 4.6. These
unit factors were used to estimate the radiological impacts from a representative property-cleanup/interim-storage remedial action (see Table 4.7).
The maximum individual dose is assumed to occur to a person who spends
one hour near the truck as the material is being transported. This one hour
is for the duration of the activity and not for any one trip. This person
would receive a dose of 0.1 mrem.
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Table 4.5.

Unit Factors for Transportation Dose

Component

Unit Collective Dose

Off-link

1.6 x io- 7 person-rem/km

Stops

8.5 x 10- 6 person-rem/h

On-link:
Same direction
Opposite direction

2.4 x 10- 7 person-rem/km
5.5 x 10- 8 person-rem/km

Table 4.6.

Parameters Used to Calculate Transportation Impacts

Parameter

Value/Description

Distance from contaminated property
to storage site

1.6 km

Radioactive contamination

50 pCi/g U-238 and U-234
100 pCi/g Th-230 and
decay products

Mode of transport

Truck

Volume of material

30,000 m 3

Truck capacity

9.2 m 3

Number of truckloads

3,300

Average velocity

30 km/h

Length of stops per trip

0.05 h

Population density

550 persons/km2

Distance from edge of road to
nearest residence

10 m

Traffic count (in each direction)

300 cars/hour

Persons per vehicle sharing the
road with the trucks hauling
FUSRAP wastes
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Table 4.7. Transportation Doses from a
Representative Remedial Action
Collective Dose

4.4.1.3

Component

(person-rem)

Off-link

8.4 x 10- 4

Stops

1.4 x 10- 3

On-link:
Same direction
Opposite direction
Total

1.3 x io- 3
2.9 x 10- 4
3.8 x 10- 3

Interim Storage for 20 Years

During the interim-storage period, the stored material is assumed to be
covered so that there would be no particulate releases. It has also been
assumed that the storage pad would be designed and constructed so that contamination of surface water and groundwater supplies would be prevented. The
only radioactive release is assumed to be gaseous radon-222. As described in
Section 4.3.2, about 3 Ci/yr would be released from the interim-storage pile.
The 20-year cumulative dose to the population within 80 km of the interimstorage site is estimated to be 390 person-rem to the bronchial epithelium.
The maximum individual dose is estimated to be 240 mrem to the bronchial
epithelium for the same 20-year period.
4.4.2

Occupational Doses

The implementation of a property-cleanup/interim-storage remedial action
requires that radioactively contaminated soil material be excavated and moved.
This would result in workers involved in this activity receiving radiation
doses. The occupational dose consists of two components: (1) whole-body dose
from external radiation exposure, and (2) internal dose from inhalation of
contaminated dust and radon gas. In this section, the radiation doses associated with implementing a representative remedial action are given. Whenever
necessary, workers would be provided with respirators to filter out dust
generated by the earth-moving operations. Bioassays may also be necessary to
monitor internal contamination levels and ensure that occupational doses are
kept within prescribed limits. An ongoing health-physics program would be
maintained to ensure that doses are kept as low as reasonably achievable
(ALARA).
The occupational doses from external radiation exposure are calculated by
estimating the length of time workers would spend in various radiation fields.
Table 4.8 shows the type of information needed to perform this analysis.
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Three radiation fields are assumed for this analysis: 0.01 mrem/h, 0.1 mrem/h
and 1 mrem/h. These radiation levels are representative of those that would
exist for the amount and type of contamination associated with FUSRAP sites
that are candidates for a property-cleanup/interim-storage remedial action.
The fraction of time that the four categories of workers are assumed to spend
in these three radiation fields is given in Table 4.8. These four categories
are the same as those given in Section 2.3 of this document. This information
is used along with the total number of worker-hours required to implement the
remedial action to predict the occupational dose from external radiation
exposure. The worker-hour estimate to perform a property-cleanup/interimstorage remedial action was given in Table 2.3. For this analysis, the
activities noted in Table 2.3 as involving radiation exposure were used.

Table 4.8.

Fraction of Time in Various Radiation Fields
Fraction of Time per Type of Worker

Dose Rate
(mrem/h)

Onsite
Management/
Clerical

Skilled
Laborers

Unskilled
Laborers

Monitoring

0.01

0.9

0.5

0.1

0.1

0.1

0.1

0.4

0.8

0.8

1.0

0

0.1

0.1

0.1

Estimates of the occupational dose from external radiation as a result of
this remedial action are given in Table 4.9. The occupational dose during the
construction/decontamination phase is estimated to be about 3.0 person-rent
with an additional 2.9 person-rem from exposure of monitoring and security
personnel during the 20-year interim-storage period. The 3.0 person-rem for
the construction/decontamination phase of this project is about equally divided
between the excavation and unloading activities and transportation.
Inhalation of radioactively contaminated dust would result in workers
incurring an internal radiation dose. Ambient dust concentrations at the
sites being decontaminated would generally be quite low; however, use of
respiratory-protection equipment may be necessary to ensure that the ALARA
principle is maintained. In this section, use of respirators is not assumed.
The amount of dust in the vicinity of earth-moving activities has been
estimated by NRC to be about 0.01 g/m3, with 10% being in the respirable
particle-size range, i.e., < 10 urn in diameter (U.S. Nucl. Reg. Comm. 1980b).
Thus, the amount of respirable dust would be about 0.001 g/m3. Wetting would
be expected to reduce this by at least a factor of two, so the respirable dust
load is assumed to be 0.0005 g/m3 for this analysis.
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Table 4.9.

External Occupational Doses

Whole-Body Dose (person-rem)
Constructi on/Decontami nati on
Excavation and
Interim Storage
Unloadingt1
Transportation
for 20 Yaars
0nsite management/
clerical

0.055

0.036

0.0

Skilled laborers

0.52

0.56

0.58

Unskilled laborers

0.68

0.35

0.87

Monitoring

0.46

0.35

1.45

Total

1.7

1.3

2.9

t1

Includes all activities other than transportation.

The workers exposed to this airborne contamination would include machinery
operators, truck drivers, laborers, and supervisory and monitoring personnel.
A respiration rate of 20 L/min was used to calculate the amount of dust that
would be inhaled by workers (Int. Comm. Radiol. Prot. 1966). The resulting
50-yr dose commitment to workers, based on the person-workdays given in
Table 2.3, are shown in Table 4.10. It should be noted that use of airfiltering devices could reduce the amount of contamination i haled, and subsequently the internal radiation dose, by an order of magnitude or more. During
the interim-storage period, there would be no internal dose from inhaled
particulates other than from radon decay products because the cover is assumed
to prevent the escape of all radioactivity except radon gas.
Radon-222 will emanate from the radium-226 contained in the wastes (at an
assumed concentration of 100 pCi/g), and part of it will escape into the
atmosphere. As a result, the concentration of radon and its decay products
will be elevated in the ambient air at the properties being cleaned up and at
the storage site. Construction workers and maintenance personnel will, therefore, be exposed while on the job. In order to estimate the resulting dose to
the bronchial epithelium, both the duration of exposure and radon concentration
must be known. The former can be estimated based on an analysis of the work
to be done. For purposes of illustration, the work force requirements listed
in Table 2.3 have again been assumed.
Average radon concentrations above contaminated surfaces (such as uranium
mill tailings) that emit radon are extremely variable. It is difficult to
correlate radon in air with radon flux from the surface or with the radium
content of soil material (even in the relatively rare cases when the radium
distribution is homogeneous). For specific RJSRAP sites, it would be important
to have actual measurements of radon or working-level (WL) concentrations upon
which to base estimates of occupational exposure. For purposes of this sample
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Table 4.10. Internal Occupational Dose Commitment
Radiation Doses (person-rem or organ-rem)t1
Constructi on/Decontami nati on
Interim Storage
Excavation and
Transportation
Unloading
for 20 Years
Whole body

0.12

0.090

-

Bone

1.9

1.4

-

Lung

0.62

0.47

-

Kidney

0.51

0.38

-

Bronchial epithelium

1.0

0.77

0.13

t1

50-year dose commitments, i.e., the dose that will be received over a
period of 50 years following intake into the body.

calculation, reference is made to Clements et al. (1973). This report and
other limited data suggest that 1.3 pCi/L of air is a conservative, but not
unreasonable, estimate
of the average radon concentration above a surface that
releases 100 pCi/m2-s (the flux that was assumed in an earlier section of this
report). Additional conservative assumptions lead to an estimate of 0.08 mrem
to the bronchial epithelium from a one-hour exposure to radon at 1.3 pCi/L
with a decay product concentration of 20% of the equilibrium value. The radon
flux during the interim-storage period is assumed to be reduced by a factor of
10 as a result of the addition of uncontaminated soil material or other form
of cover over the stored materials. Hence, a dose of 0.008 mrem to the
bronchial epithelium would be incurred for each one-hour exposure during the
interim-storage period. The occupational doses to the bronchial epithelium
listed in Table 4.10 were calculated using these assumptions.
The dose to the maximally exposed worker is very difficult to predict
without a detailed description of the remedial action. For this analysis, the
maximum worker dose is projected to be 5% of the cumulative worker dose.
Obviously, this broad assumption leads to a very rough estimate. For sitespecific assessments, a more thorough analysis would be performed utilizing
the detailed description of the remedial action. This assumption provides a
reasonable yet conservative estimate of the dose to the maximally exposed
worker (see Tables 4.11 and 4.12).
4.4.3 Summary of Radiation Doses
The radiation doses associated with the representative property-cleanup/
interim-storage remedial action analyzed in this document are summarized in
Tables 4.11 and 4.12. The radiation doses that would be incurred during the
cleanup phase are given in Table 4.11 and those that would be incurred during
the 20-year interim-storage period are given in Table 4.12. The organs listed
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Table 4.11. Radiation Doses During Cleanup Phase
From Onsite Actions
Whole
Bronchial
Body
Bone Epithelium
General Population:
Collective
(person-rem 1or
organ-remit
Maximum individual
(mrem)t2
Workers:
Collective
(person-rem or
organ-rem)
Maximum individual
(rorem)
t

1

t2

From Transportation
Whole
Bronchial
Bone Epithelium
Body

0.54

11

37

0.0038

2.2

33

23

0.10

-

-

1.4

2.7

0.77

1.8
92

3.6
180

1.0
51

69

38

130

Total dose to the 2 million people assumed to reside within 80 km of
the area being cleaned up.
The maximum individual is a hypothetical person assumed to reside 76 m
ENE (downwind of the predominant wind direction) of the center of the area
being cleaned up. The dose this person would receive includes contributions from inhalation, exposure to ground-deposited and airborne nuclides,
and ingestion of vegetables grown on his/her proptrty.

Table 4.12. Cumulative Radiation Doses During
20-Year Storage Phase
Whole Body
General Population:
Collective
(person-rem or
organ- renOt1
Maximum individual
(mrem)t2
Workers:
Collective
(person-rein or
organ-rem)
Maximum individual
(mrem)
1

t

t2

Bronchial
Epithelium

0

390

0

240

2.9
150

.

0.13
6.5

Total dose to the 2 million people assumed to reside within
80 km of the area being cleaned up.
The maximum individual is a hypothetical person assumed to
reside 76 m ENE (downwind of the predominant wind direction)
of the center of the area being cleaned up. The dose this
person would receive includes contributions from inhalation,
exposure to ground-deposited and airborne nuclides, and
ingestion of vegetables grown on his/her property.
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in Tables 4.11 and 4.12 (i.e., bone and bronchial epithelium) are expected to
incur the highest risks as a result of exposure to radionuclides associated
with FUSRAP-type wastes.
The radiation exposures that the general population would incur as a
result of this remedial action are incremental to those received from natural
sources. The radiation dose received from natural sources varies with location, the average being about 100 mrem/yr for the continental United States.
The incremental doses resulting from this representative remedial action are a
small fraction of the dose from natural background radiation. In addition,
these remedial-action doses may be compared with the following examples of
incremental doses that result from commonplace activities:
1.

Every 60-m (200ft) increase in elevation raises the annual
radiation dose by about 1 mrem (Natl. Counc. Radiat. Prot.
Measure. 1975).

2.

A cross-country round trip by jet results in an additional dose
of 3 mrem to the traveller (based on cosmic ray intensity at
10,000 m (33,000 ft) and 10-h round trip flight time).

3. The average chest X-ray delivers a dose of approximately 25 mrem
(U.S. Dep. Health Educ. Welfare 1973).
4.5

MITIGATION OPTIONS

Radiation doses to offsite individuals are expected to occur primarily
through the inhalation and ingestion pathways. Particulate material can be
stirred up by earth-moving operations and be blown offsite. Radon-222 gas
released during the remedial action will decay into its radioactive daughter
products and add to the inhalation dose. Mitigative measures are directed
most readily at controlling the amount of dust generated from earth-moving
operations. The escape of radon-222 is much more difficult to reduce during
the construction/decontamination phase.
Mitigative measures may include spraying of the soil with water, oil, or
other material known to be effective in controlling dust formation. Equipment
operators may be instructed to keep speeds low and to minimize dusting at the
possible expense of time. An ambient-air-monitoring program could be implemented during the time when the soil is being excavated and moved to the
storage area to alert operations personnel to conditions that could lead to
excessive dusting. Details of the operations and monitoring program should be
drawn up prior to work at each specific site. Additional discussion on
measures to control dust formation is given in Section 3.2.3.
The soil material is assumed to be covered or wetted down during transport to eliminate any potential for particulate emission. The major exposure
pathway during transportation, therefore, was assumed to be from external
gamma radiation. Mitigative measures to reduce the radiation doses to the
general population from transportation include (1) using shielding for material
that contains an unusually high concentration of radioactivity, (2) controlling
traffic on streets during transport to minimize stopping times, and (3) avoiding
heavily traveled streets. Most important, however, is to ensure that the
measures taken to prevent loss of material from the trucks are effective.
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Radiation doses to the general population could occur during the period
of interim storage. In this report, the major source of exposure was assumed
to be a result of radon-222 gas emission from the interim-storage pile. Mitigative measures to reduce this dose include (1) implementation of a monitoring
program to detect any significant releases, (2) performance of required maintenance activities (e.g., pile cover repairs) in a timely manner and (3) maintaining an adequate security program (e.g., fences, lights, and warning signs)
to minimize the possibility of inadvertent intrusion.
The radiation dose to the work force (the occupational dose) is incurred
through the inhalation pathway and from external gamma sources. The most
important mitigative measure for the work force would be to implement good
health-physics practices consistent with the ALARA philosophy. These include
planning work so as to minimize the time spent in proximity to contaminated
materials, encouraging attention to personal hygiene, and using protective
clothing and respirators when necessary.
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5. SOCIOECONOMIC IMPACTS
Barbara A. Payne, with Sue Ann Curtis and S. Matthew Prastein
5.1

INTRODUCTION

The assessment of potential socioeconomic impacts of FUSRAP actions
includes evaluation of individual, group, and organizational components. In
brief, topics included are all the nonradioiogical aspects of the environment
not covered in Section 3 of this report. Overlaps between socioeconomic
impacts and other impacts, as well as interdependencies between all impacts
and specific technical and engineering plans for the action, are numerous.
Thus, this chapter will rely on information in the previous sections.
In the case of FUSRAP actions, socioeconomic environmental factors will
both be affected by and affect the actions proposed. An example of this
phenomenon is found in the effects of the attitudes of the local public toward
the actions and, more generally, toward radiological hazards (Section 5.2).
The information that there are radioactive wastes which need to be removed
could affect the attitudes of the public toward low-level radioactive waste
management in general and toward the technical competence of those assuring
them that this cleanup will be adequate. Negative public attitudes could in
turn affect the action, e.g., by creating legal delays or by demanding changes
in the engineering plan (see Section 5.2).
Although many potential impacts on the socioeconomic environment are
site-specific, some are likely to be issues for many of the FUSRAP actions-namely, public attitudes and perceptions (Section 5.2), land use (Section 5.4),
transportation (Section 5.5), housing (Section 5.6), and regulations and
institutions (Section 5.8). The approach in this chapter has been to treat
each potential impact as if it were an issue for a site. In actual assessments,
the depth of analysis described in this report will not be necessary for all
impacts.
Public attitudes, especially if they are against even part of the action
plan, could affect all aspects of the plan (see Section 5.2). Objectivity in
evaluation of socioeconomic impacts, although difficult to maintain, implies
evaluating all the facts and all sides of an issue. In evaluating an action
over which there has been controversy, it is particularly important to present
opposing viewpoints. Information on the issues that shows the range of opinions
can also be useful in developing mitigation strategies and proposals for
alternative plans, should the original one be too objectionable. From a
positive perspective, FUSRAP actions could stimulatt an education program to
help the public make informed evaluations.
A potential site-specific impact that could affect the socioeconomic
environment is conflict with other projects proposed for a period contiguous
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with the FUSRAP action. It may not be possible to meet needs for landfill
space, transportation routes, or heavy-duty equipment for more than one project
even if needs for the FUSRAP action alone could be met. Such conflicts would
have implications for the socioeconomic environment created by the FUSRAP
action. Information on this possibility should be acquired from local sources
early in the evaluation.
Table 5.1 summarizes the impact areas covered in this section.
5.1.1

General Methods and Approach

Socioeconomic assessments of FUSRAP actions will differ from many energyrelated or other project impact assessments. No large work force is required
to construct or operate a new plant (Sections 2, 5.3, and 5.10); few new jobs
are created in the community (Section 5.10); and the action is brief, at most
three summers in duration (Section 2.3). The "textbook case" of large-scale
demographic changes beginning a chain of other changes in the social and
economic environment is not relevant. (For general descriptions of socioeconomic impact assessments, see, for example: Burch et al. 1978; Finsterbusch
and Wolf 1977; Finsterbusch 1980; Gilmore and Duff 1975; Gilmore and Stenehjem
1980; Leistritz and Murdock 1981; and Schweitzer 1981.)
Standard models and methods for assessing socioeconomic impacts have not
been agreed upon by practitioners in the field. Quantification techniques for
description and impact assessment, if used, are inconsistent. Often they are
not used because good techniques have not been developed or the assessor lacks
time to develop his/her own. Some quantitative impact simulation models are
available, but the majority are designed to evaluate the "textbook case" where
large work forces are brought from outside the site area. Thus, they are for
the most part inappropriate to apply to the FUSRAP actions.
The site-specific nature of the impacts also makes inappropriate the use
of these general models. Impacts of FUSRAP actions will be related to details
of the action--such as scheduling, levels of radioactive contamination, amount
of material to be excavated, and restoration plan for the decontaminated
sites—as well as to public understanding of and attitudes about the cleanup
or storage of low-level radioactive wastes. Thus, prerequisites for the
socioeconomic assessment include a thorough reading of the engineering plans
for the action and Section 2 of this report, as well as familiarity with
skills and equipment needed and proposed transportation routes between sites.
The localized, site-specific nature of some impacts of the FUSRAP actions
raises the problem of data availability—i.e., available either at a highly
aggregated level or not available at all. In some cases, especially for sites
outside or at the edges of metropolitan areas, site-specific data may not be
available. For example, population or employment figures may be found only at
the county level of aggregation. Care must be taken to point out the dangers
of interpolating precisely from aggregate data. The ecological fallacy and
associated problems are important to keep in mind. When data are not available,
surrogate measures should be used only with caution. An attempt should be
made to provide whatever information can be obtained, e.g., anecdotal evidence
from several informed residents or officials may serve, if documented and
checked carefully.
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Table 5.1.

Socioeconomic Area
Public attitudes
and perceptions

Summary of Socioeconomic Impacts

Potential Impacts Related tot 1
Nature of Action
Transport
Property
Interim
Location
Routes
Cleanup
Storage
of Sites

Section
Number

+ ,L

+ ,L

+ ,L

+ ,L

5.2

N

N

N

S,L

5.3

Land use

+ ,L

N

+ ,L

+ .L

5.4

Transportation

+

+ ,T

+ ,T

+ J

5.5

Housing

SJ

N

SJ

S,L

5.6

Noise

+ .T

+ ,T

+ J

+ .T

5.7

Regulatory and
institutional

+ ,L

SJ

+

,L

+ ,L

5.8

Local economy

S,L

N

S,L

5.9

N

SJ
N

N

N

5.10

Cultural resources

S,L

N

S,L

S,L

5.11

Esthetics

+ ,L

N

+ ,L

+ ,L

5.12

Utilities

SJ

N

N

N

5.13

N

SJ

N

N

5.14

Population

Employment

Other community
services
t1

Key:

J

+ = likely to be an issue at all sites;
L = possibly long-term, 5- to 20-yr storage period or beyondgeneral ly a short-term issue as well;
N = negligible impact;
S = site-specific impacts possible;
T = temporary impact, during work period only.
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The time period for making an assessment may be short. The number of
potential impact areas to be evaluated is large and evaluations must be done
quickly. The recommended approach is to cover the socioeconomic topics by
gathering, evaluating, and synthesizing data readily available from various
agencies and individuals. After familiarization with the site description and
the proposed action plan, interviews with local officials, such as the mayor
or city manager, about the action and the socioeconomic environment will help
to narrow the range of topics requiring extensive evaluation. Data may not be
available on all issues for a site. Thus, these interviews or highly aggregated
data may have to suffice with appropriate qualifications noted.
In the context of using interviews for scoping, one general point is
important: any information obtained in an interview should be supported by
written documentation requested from the interviewee, e.g., a letter presenting
the information, or unpublished data sheets. In some cases, interviewees may
not respond to such requests in time to meet deadlines for the assessment
document, or they may be resistant to putting their comments in writing. A
request letter to them, giving specific questions to respond to (e.g., is
residential development of the area around the site likely, and, if so, in
what time frame?; or, what is your estimate of the taxes paid on this site in
1981?) may aid this documentation process.
5.1.2 General Mitigation Suggestions
The primary mitigation suggestion that applies to nearly all socioeconomic
impacts is consultation, cooperation, and coordination with local authorities
and concerned citizens throughout the period of the action. Thus, input from
local officials and individuals is actually incorporated into the FUSRAP
action plan (see also Bascow 1980).
Officials and citizens of the local area should be informed about the
problem of the radioactive wastes on the FUSRAP sites as soon as the possibility of remedial action at the contaminated sites (and the implied potential
health hazards) is identified. Because this information is a potential source
of controversy, conflict, and other negative responses, it should be made
available by personal or individual communication, especially to residents
near the sites, as part of the ongoing consultation and coordination process.
A recent case in the siting of a hazardous waste-disposal area exemplifies the
impacts of poor communication. Local residents were informed of the siting
process only through newspaper articles and only after the number of potential
sites had been reduced to four in the region. Pressure from these irate
citizens resulted in delaying approval of the final site choice and made
citizens suspicious of site and federal government managers (Centaur Assoc.
1979).
Communication with the public carries with it risks of increasing unnecessary concern about the action. If informed inappropriately or inadequately,
a wider segment of the area population may become alarmed. To reduce these
risks, a communications program should be carefully planned and tailored to
site-specific conditions. Information releases or programs to educate the
public should be carefully written and distributed widely enough so as not to
increase fears and concerns, especially those based on insufficient knowledge.
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Early and ongoing communication with local residents and officials within
the context of a planned communications program serves three major purposes:
(1) to educate local citizens and government officials in the nature of the
required action; (2) to explain the general subject of low-level radioactive
wastes, and (3) to reduce the likelihood of later delays in the action due to
citizen concerns raised when aspects of the action are progressively discovered (see Section 5.2). Early contact with local representatives may also
preclude delays due to local idiosyncrasies (e.g., regulations or procedures,
or the structure of the sewer system) that might not be known to a site manager
from outside the region. A communications program could incorporate a variety
of forms of interaction with the public, for example: regular interaction of
a site manager with local citizens and officials on both a formal basis and an
informal basis; providing knowledgeable speakers to local groups; and identifying a liaison person between onsite personnel and the local community and
media representatives (Dalton, Dalton, Newport 1980).
Another important pervasive mitigation suggestion is to avoid all delays
in completing the action. This strategy covers small details, such as applying
for permits well ahead of time or committing government officials to specific
dates to certify the safety of sites as soon as excavation schedules are
known, and broad-range issues, such as making and publicizing a definite
commitment to a date for deciding on the permanent disposition of the wastes
after the interim-storage period.
A major problem in describing FUSRAP actions in the communications program is likely to be use of the terms "temporary" or "interim", which imply
that permanent cleanup will occur in the future. Communities may be resistant
to the necessity of repeating these procedures and experiencing the impacts a
second time, no matter how far in the future. In addition, a gap may exist
between the perceptions of FUSRAP representatives and the local community on
what "temporary stabilization" or "interim storage" means and implies.
Although FUSRAP experts may be convinced that, technically, "stabilization
with controlled access" presents little health hazard to the community, local
citizens and officials may feel that anything short of complete cleanup is not
satisfactory. In addition, although 5 to 20 years may be "temporary" in terms
of the half-lives of radioactive materials, it can be "permanent" in the eyes
of local people and have permanent impacts on some aspects of the socioeconomic
environment. For example, within 5 to 20 years, residences and industrial and
commercial operations will be built, sold to new owners, or torn down; changes
in land use could be permanent; population concentrations near the sites could
increase or decrease considerably; and regulations and standards for the
levels and kinds of hazardous materials could change. Temporary stabilization
would have permanent consequences because the time horizons for many individual
and organizational decisions and changes are shorter than those for FUSRAP
program objectives. These points will be discussed further in the following
sections.
5.1.3

Definitions of Terms

Several terms relevant to the FUSRAP program are used in a particular
sense in this section of the report.
Short term:

The period of the actual cleanup activities.
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Long term: The period following the completion of cleanup activities,
including the 5- to 20-year interim-storage period and beyond.
Site:

Unless specifically identified, this term will be used to
mean all FUSRAP sites--including the main interim-storage site,
other nearby contaminated properties, landfill sites, and
borrow sites.

"Near" or "in the vicinity of": These terms are used to describe
the range of area for impact evaluation (e.g., housing "near"
the transportation routes). The size of this area will be
site-specific and even impact-specific and thus is left to the
judgment of the evaluator. As a guide, the evaluation should
include all areas (a) adjacent to sites and transportation
routes, (b) within the range of noise and traffic impacts, and
(c) brought up in issues of concern to local officials and
citizens.
Transportation routes: This term refers to the routes of trucks and
other equipment carrying radioactive and nonradioactive waste
and fill material between all sites.
5.2

PUBLIC ATTITUDES AND PERCEPTIONS

Regardless of the level of radioactivity, the location and size of the
sites, or the nature of the property-cleanup/interim-storage remedial action,
public perceptions of the action and the need for it will be a major factor in
the final form of the action and its impact (see also O'Hare 1977 and Kasperson
1980). Impacts could go in both directions: public attitudes and behavior
could affect the action, and the action and publicity surrounding it could
affect public attitudes. The significance of these impacts will depend on
site-specific characteristics, although some generalizations can be made about
sites located in industrial settings (Section 5.2.2).
Community awareness and concern about radioactivity and about waste
cleanup have been heightened by publicity after the accident at Three Mile
Island and other hazardous waste situations, such as "Love Canal." In addition,
articles on radioactive waste disposal and FUSRAP actions, in particular, have
appeared in public literature (e.g., Shapiro 1981) and in information circulated by national environmental action organizations (e.g., Sierra Club,
undated). Attitudes toward any FUSRAP action will depend on the level and
kind of publicity attached to the action, the level of knowledge of the general
public and community leaders about radioactivity and the site-specific hazards,
the degree of trust in the action sponsors and the federal government, and the
beliefs of the people in the area (Rosnow and Robinson 1967; Schaefer et al.
1981; Dalton, Dalton, Newport 1981). Any public action motivated by these
attitudes will be related to publicity, opportunities for discussion and
education, timing of notification about action, accessibility of responsible
officials involved with the project, and knowledge about how to contribute to
decision-making on the action. For every site that is part of an action, it
is likely that at least one person or group will be dissatisfied with the
action. How the protest is voiced and what backing it has from the larger
community could affect the efficiency and effectiveness of the cleanup action.
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5.2.1

Description and Assessment Methods

Where possible, the nature of public action in the region prior to the
FUSRAP action should be assessed as a comparison for FUSRAP impacts. In
general, if community groups are organized with an active membership, and
particularly if they have acted in an organized manner recently on a topic of
community interest, they are potential candidates for response to the proposed
action, whether in support of, opposed to, or perhaps just to educate themselves about the action (Tilly 1973; Centaur Assoc. 1979; Payne 1982).
General information—such as attendance at public meetings, local newspaper editorial positions, level of public education, and citizens' referendums and local proclamations—helps to characterize the potential for organized
citizen response to the FUSRAP action. This kind of information can be
acquired quickly through interviews with local officials and community leaders
(e.g., the mayor, a church leader, or the chamber of commerce head), perusals
of local newspapers, or a review of local ordinances. Other indicators of
public attitudes are the volume of telephone calls to local, county, or federal
authorities or to site personnel regarding the action; legal actions; or
records of meetings of citizens' action groups—particularly those focused on
the action. An attempt should be made to acquire a representative crosssection of community and official viewpoints.
The range of possible responses to the proposed FUSRAP action will be
broad. For example, little or no concern may be expressed by local officials
or the general public for sites surrounded by industrial land. However, if a
residential area will be disturbed by the action, citizen response is more
likely. Well-organized opposition to the action could occur in a community
where there are organized citizens' groups, a mistrust of federal government
actions, or adverse publicity about the sites. Since not all nearby contaminated properties have been identified, no general statement can be made on how
many of the actions will generate an organized response. Assessment of impacts
will consist of qualitative evaluation based on site-specific variables.
Quantified measures of public attitudes and perceptions are not appropriate.
If the public is potentially or already sensitive to the issues around
the action, then the focus should be on attitudes, perceptions, and knowledge
about particular issues, e.g., the adequacy of the action to contain the
health hazard or whether the proposed remedial action will be carried out as
planned. Issue(s) that appear to be receiving the most attention should be
identified. Such identification will aid in developing proposed communication
plans.
5.2.2

Significance of Impacts

5.2.2.1 To the Actions
Although the majority of identified FUSRAP sites are located in industrial
areas, radioactive material requiring cleanup may be found away from these
main sites. For the sites in industrial areas that receive little publicity,
impacts of public attitudes on the action would be insignificant. If public
attitudes toward the project are negative and the potential for organized
action is high, such as for sites in residential areas with several existing
citizens' groups, temporary impacts on a cleanup action and long-term impacts
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for an interim-storage site could be significant. Legal action, from law
suits to enforcement of old or new town ordinances, could delay beginning the
action, prevent its completion, or change the action (e.g., from a plan for
interim storage at the site to complete removal to another site). Local
subcontractors may be difficult to find if there is little knowledge about
radioactivity and how to handle it and if fear and controversy are high. Many
demands may be placed on site officials to explain the action (why it was
chosen and why the cleanup had not been done years previously) and to educate
the public about health effects and implications of the action for future land
use. If mistrust of FUSRAP officials is high, attempts at communication and
education by these officials may only aggravate the situation.
5.2.2.2 To Public Attitudes and Perceptions
Potential impacts of the action on public attitudes and perceptions could
also be significant. Under the worst conditions, public trust in government
officials, especially federal officials, could deteriorate; and misconceptions
about radioactivity, health effects, FUSRAP actions, and the basis for decisions could contribute to adverse attitudes and actions on future issues.
When little knowledge is available by which to check accuracy of information
on a specific topic, people tend to apply their attitudes and misconceptions
to a general range of topics they see as related. Since waste management is a
major issue in nuclear energy development, citizens could generalize from
negative FUSRAP-related experiences to this more general topic—whether or not
their perceptions are accurate or the relevance to the larger issue exists.
5.2.3

Preventive Measures and Mitigation Suggestions

A well-planned communications program between local officials, the public,
site managers, and FUSRAP personnel will help to avoid and mitigate negative
public and official perceptions and attitudes about the action. As described
in Section 5.1, meetings and discussions could be initiated by FUSRAP personnel,
rather than just responding to public initiatives. A liaison person between
the local community and site officials could be hired to coordinate the communications program, and this person should be kept informed about all action
plans, changes, and communications with the public. [Some of these suggestions appear in more explicit form for one site in the report of Dalton,
Dalton, Newport (1981).]
5.3

POPULATION IMPACTS

Distribution and description of the population in the vicinity of FUSRAP
sites is important for two reasons: (1) as a context for the evaluation of
other socioeconomic impacts, such as impacts to transportation or community
services; and (2) to aid those evaluating potential radiological exposure of
the population as a result of FUSRAP actions. Direct impacts on population
distribution from the action are unlikely, although possible exceptions are
noted in Section 5.6.2.
5.3.1

Description and Assessment Methods

Insight is needed on past population trends in order to project population changes in the future, particularly through 5-20 years of interim storage.
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Population data are available from local, state, and national sources. In
general, local offices (i.e., city or county administrative offices and
regional councils of governments) are likely to have the most recent counts,
since these are required for taxing, services, and budgeting. State population, economic, employment, or tax assessment offices and the U.S. Bureau of
the Census can usually provide historical data, although not always at the
disaggregated level of the local site area. Projections are usually available
only for Standard Metropolitan Statistical Areas (SMSAs), large cities, and
county, regional, or state levels. Interpolation from these data would have
to be made for smaller areas, particularly in the case of rural sites. If
published or official projections are not available, general information on
local trends can be gathered from local, regional, or state demographic staffs.
Environmental impact statements recently completed for other projects in the
area may also provide demographic data. Local officials could help identify
these sources. No independent statistical generation of specific projections
is necessary.
Age distributions, when available, are useful as a basis for evaluating
other kinds of impacts. For example, if there are many children under 16
either within 5 km of the site or nearby contaminated properties or along the
transportation routes, this fact could influence public opinion on issues of
health and radiological exposure, or cause truck transportation conflicts with
play areas or bus routes (see Sections 5.2, 5.5, and 5.14).
A population distribution "rose" is used to calculate radiological exposure (Section 4.3). This rose has a prescribed form and requires very detailed
population data. Although this level of detail is not necessary for the
socioeconomic assessment, the information in the distribution rose may require
evaluation by the socioeconomist to verify its accuracy and consistency with
other data. The rose is also useful in identifying the population distribution immediately surrounding site boundaries.
Some inconsistencies among population data sources are not unusual.
Local counts often vary from interim and final U.S. Census Bureau counts.
These inconsistencies in most cases will not be large; if they are large or
contradictory, the discrepancies, their magnitude, and the reasons for them
should be identified. If such discrepancies occur in data about the population very close to the site (e.g., within 3 km), data used for local planning
rather than that available from a more remote agency is preferable, because
impact evaluation will be done parallel to official local needs.
Impacts to the population during the period of the action are expected to
be small, temporary, and limited primarily to transient populations—i.e.,
people temporarily in the area because of employment; passing through via
airports, highways, or other transportation means; or staying in temporary
lodgings such as hotels or university housing. For example, closing one lane
of a four-lane road to a commercial center could either slightly reduce the
volume of traffic in one direction or increase congestion. Site-dependent
considerations would determine estimates of the percentage reduction. Thus,
assessment would consist of identifying the size and nature of the transient
population and the level of inconvenience the action would impose on this
population. Since many sites are located in or near industrial and commercial
areas, the approximate number of full-time employees at nearby industrial and
commercial establishments is also necessary in order to evaluate transportation,

5-10
economic, and employment impacts (Sections 5.5, 5.9, and 5.10); in particular,
customer use of local commercial establishments is also necessary. In many
cases, it may be necessary to rely on approximations of establishment owners
or local officials to make these assessments. The transient population on
roads can be estimated by multiplying the volume of vehicles on the road by
the average number of passengers per vehicle over work and non-work trips
[1.9 (Kulp et al. 1980)]. Capacity at temporary lodgings can be gathered from
the local chamber of commerce, university housing offices, or hotel and motel
managers. Assessment of the change in transient population could be made by
estimating the number of workers, passengers, or lodgers who would reduce
their activities in the area for the period of the work activity.
In the case of sites in proximity to well-used transport facilities,
e.g., an airport or commuter rail line, or where the interruption of transient
populations would affect the local economy, quantitative estimates may be
helpful. Data on transient populations at nearby transportation centers, such
as an airport, would be acquired from the management of these facilities or
from companies using them. For example, the management of an airport would
know the daily average number of passengers embarking and deplaning. Railroad
managers have data on daily passenger volume and the number of employees on
their trains. Data are not available regarding the number of people accompanying these passengers at transient stations (e.g., to the airport), so daily
passenger volumes should be given as a minimum size and a statement made that
the transient population at these locations would actually be higher because
of persons accompanying the passengers (Argonne Natl. Lab. 1981).
5.3.2

Significance of Impacts

In general, only small, temporary impacts on transient populations as
described in the preceding section are expected at most FUSRAP sites. Few
workers are likely to relocate. The small scale of the action and interimstorage period are not likely to affect long-term settlement patterns and
trends already established. However, adverse publicity or public reaction,
e.g., to the location of a storage site for radioactive wastes for a period
of 5-20 years or to a lengthy work period (2 or 3 summers), may increase the
number of families who would move out of the area and may discourage new
families from moving in. This impact could affect the size and age distribution of the population residing nearby.
5.3.3

Mitigation Suggestions

A continuous communications program with local residents will reduce the
likelihood of negative reactions and desire to move from the area (see Section 5.2).
Interruptions in the flow of transient population (e.g., persons travelling on project transportation routes) should be kept to a minimum through
scheduling of FUSRAP-related traffic to avoid peak periods (see Section 5.5).
5.4

LAND-USE IMPACTS

A typical property-cleanup/interim-storage action will alter land-use
patterns at the sites and possibly nearby. The alteration may be short-term
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(5 to 20 years), as in the case of interim-storage areas, or it may be longterm, as in the case of the cleanup of nearby contaminated properties and
release of restrictions for use of these properties.
In many operations similar to remedial actions, the primary means of
altering land use is by clearing vegetation or removing structures from the
site of the action. The ultimate effect of removing these materials will be
determined by the manner in which the land is finally rehabilitated. The land
required for interim storage of the wastes will be preempted from other uses
for the period required to reach a decision on the ultimate disposal of the
wastes. Other areas of the sites may be revegetated, rebuilt, and used for
activities that were preempted by the presence of contamination. In other
cases, the land use may not be altered by the action.
Effects on land use and values of sites and nearby residential, commercial, and industrial areas will likely be of concern to owners and developers.
Future use of the sites and surrounding land will depend on the specific
nature of the FUSRAP actions (e.g., interim storage or complete cleanup,
restrictions necessary for use of the land, or appropriateness of buildings on
or near the sites to remain as currently used), the location of the sites, and
the public attitudes and perceptions about the actions (see Section 5.2).
There are two major federal policies that could influence how a propertycleanup/interim-storage action may affect land-use patterns. As interpreted
by the Council on Environmental Quality (1977), the National Environmental
Policy Act (NEPA) established a policy to preserve and protect highly productive farmland. Land so identified is classified as "prime and unique farmland.
The U.S. Soil Conservation Service (1978) has initiated a program to inventory
important farmlands in the nation. Although no identified FUSRAP sites are
currently under agricultural development, nearby contaminated properties or
borrow sites may be. These policies to protect agricultural land may also
influence the choice of rehabilitation options in rural sites where the amount
of cultivated land is on the decline.
Presidential Executive Orders 11990 and 11988 spell out a policy to
protect and manage wetlands and floodplains in a manner that does not harm
human health and welfare. These policies are most applicable to those sites
that are abandoned landfills. Action at the industrial sites would probably
not measurably affect adjacent wetlands or floodplains beyond existing effects
of the industrial environment. However, activities in the more rural environs
could have measurable impacts such as siltation of wetlands and modification
of floodplain drainage. Thus, these policies will need to be considered in at
least some cases.
5.4.1

Description and Assessment Methods

5.4.1.1 Site Land
Land area of the FUSRAP sites can be obtained from the engineering plans.
A typical property-cleanup/interim-storage remedial action would be expected
to involve clearing of 0.8 to 6 ha of vegetation and demolition of one small
building with associated concrete, e.g., sidewalks and driveways (Table 2.1).
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Evaluating the consequences of restrictions on land use requires comparison of the former land uses of a site and of the surrounding areas; knowledge
of the value of the disturbed site for a given land use; status of the land
relative to classification as wetlands, floodplains, or prime and unique
farmlands; and determination of the extent to which land will be restricted to
a given use. The extent of disturbance at the sites should be available from
the preliminary engineering plans. Proposed site land use and condition after
the action will be identified in the engineering report. These should be compared with proposed uses for the area and inconsistencies noted. For example,
if site use after the action is restricted—even if only for 5-20 years, the
site area may be more conducive to industrial than residential or commercial
development. Again, a qualitative but informed judgment is likely. Mitigation
suggestions should then include alternatives for site use.
5.4.1.2 Offsite Land
City, county, or regional planning agencies can provide official maps on
current use, zoning, and planned use for land adjacent to the sites, along
transportation routes, and in the local town, city, and county.
The U.S. Soil Conservation Service and/or the State or County Department
of Agriculture can provide locations of land designated as prime and unique
farmland around the site. The U.S. Geological Survey has information on
floodplains in areas it has mapped. The U.S. Fish and Wildlife Service and/or
the State Fish and Game Office could identify protected wetlands. Another
potential source of information on floodplains and wetlands is the U.S. Army
Corps of Engineers if this agency has had any projects in the area. For some
sites, no information will be available; local and state authorities should be
consulted regarding potential classification of nearby land in these categories.
For information on private plans for development, the site manager can be
consulted. Identification of existing land use and specific zoning regulations will provide background for changes that may occur as a result of the
action. In the absence of "official" plans or when planning programs are
outdated, local planners can provide information on likely alternative uses.
Assessment of impacts to land use would take the form of comparison of
land-use plans for the sites and nearby land with proposals for the form of
remedial action, final appearance of the sites, and accessibility to the
sites. Inconsistencies between planned use and FUSRAP proposals for the sites
should be identified. This evaluation would likely be a qualitative one made
in consultation with the site manager and local planners.
To identify trends, information on current and past land values in the
vicinity of the sites should be collected. This information could be found in
tax assessment records for specific plots or through estimates by local
"experts", such as realtors and government officials, of the value of a
"typical" residence, commercial or industrial establishment, or of agricultural
land. If assessments of value are acquired from local "experts", verification
from a second source is advisable.
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5.4.2

Significance of Impacts

In general, property-cleanup/interim-storage remedial actions will lead
to more land-use options for site land that is cleaned up and rehabilitated
(about 0.4 to 4 hectares) and to restricted use of site land that is used for
interim storage (about 0.4 to 2 hectares) (see Section 2.2). In addition, an
area equivalent in size to the cleanup site may be required to provide fill
material. This fill material, in rare cases, may be topsoil from farmland and
thus may slightly reduce agricultural productivity of the land it is taken
from.
Site land or borrow sites may be in areas classified by the federal
government as prime and unique farmland. Although this status does not legally
protect the use of the land, it should be taken into account in impact assessment and in mitigation suggestions. Changing the nature of the land, e.g., by
removing topsoil for fill, would affect and could reduce the quality of this
land for agricultural use.
Site land that is in a protected wetland or floodplain area should be
assessed and mitigation of impacts suggested with equal care. For example, it
is possible that a wetland or floodplain may have been used as a dumpsite for
contaminated material. Storage or cleanup plans for the site should be made
carefully to preserve the wetlands, as the law requires.
A change in use of site land could in some cases alter the use of
adjacent land, as described in Sections 5.4.1 and 5.4.2. The significance of
these changes will depend on site-specific conditions—such as the final use
and appearance of the site, whether or not access is restricted, consistency
with use of surrounding property, and public attitudes. If adjacent lands are
classified as floodplains, wetlands, or prime and unique farmlands, they could
be affected by activities at the site and by the long-term use of site land.
Even a short-term action, such as scraping soil from the site surface, may
have long-term effects on the quality of adjacent land.
Because the majority of identified sites are located in industrial areas,
changes in nearby land use are not likely because future use of these properties would remain the same as prior to the action. Even restricted access to
an interim-storage site would be consistent with nearby industrial land uses.
Use of sites on university land (3) or in a state of unrestricted access
(currently 4) would be restricted for the period of the action and for the
interim-storage period.
In the unusual situation where a site is located in a residential area
and interim storage with restricted access is the action taken, changes in use
of the surrounding land may occur (see Section 5.4.2).
Use of site land will be temporarily lost during the period of the actual
work activity.
The marketability and value of land close to the sites may be affected
temporarily or even permanently by the attitudes of local residents, and of
owners and employees of industrial and commercial establishments and public
facilities (see Section 5.2). Although the Three Mile Island (TMI) nuclear
accident was of a considerably larger scale and of a short-term nature compared
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to FUSRAP interim-storage periods, evidence indicates that public opinion
affects the housing market. A study of the effects of the accident on housing
values and sales in the area surrounding the TMI plant showed that for 4-8 weeks
immediately following the accident, the number of houses sold dropped dramatically; after 8 weeks, sales volume returned to normal. Property values
remained at the level prior to the accident (Gamble and Downing 1981). The
evidence suggests that these effects, if they occur, will likely be temporary—
lasting only for the period of a cleanup action. Similar effects may occur in
land values. The knowledge of nearby storage of radioactive materials for
5-20 years could, however, affect the values as well as the use of land near
FUSRAP sites beyond the actual cleanup and storage activity period.
Recently, the Department of Housing and Urban Development wrote a letter
to DOE commenting on a draft environmental impact statement concerning management of some radioactive wastes currently located in New York State. The view
expressed was that as writers of FHA mortgages in the area, the agency would
favor alternatives that led to permanent disposal of the wastes at another
site and using different transportation routes (Lippold 1981). The implication is that both the siting of a permanent disposal site and the transportation of radioactive wastes through the area could affect the likelihood of
acquiring an FHA loan for area residences. This situation could contribute to
changes in land use from residential to other uses.
5.4.3

Mitigation Suggestions

Impacts to land use would be reduced by cooperation with local agencies,
residents, and owners of sites and adjacent properties. This cooperation
should involve planning future use, appearance, access, and boundary definition (e.g., restricted or not, fences or guards), as well as adherence to
existing, local land-use policies.
To reduce the likelihood of the sites becoming "attractive nuisance"
areas, positive inducements for recreational or legal (as opposed to clandestine) activities on the sites should be provided. For example, if slightly
restricted use is possible (e.g., activities on the surface that do not disturb
the stored wastes), a recreation area (e.g., tennis or volleyball courts)
could be developed to attract families or supervised or organized team play.
Where possible, sites should be returned to their use prior to the FUSRAP
action. Any site classified as prime and unique farmland should be restored
with appropriate topsoil. Sites that are wetlands or floodplains should be
restored consistent with this classification. Sites adjacent to wetlands,
floodplains, or prime and unique farmlands should be restored taking these
factors into account.
5.5

TRANSPORTATION

Assessment of the potential impacts of the proposed action on the local
transporation system will rely on the information provided by the site engineers. Impacts can be projected within fairly narrow ranges if adequate
site-specific data are available regarding likely truck size; volumes and
weight of material to be moved; distances between cleanup/storage, borrow, and
landfill sites; traffic management procedures; and duration of activities.
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Impacts will, in general, be temporary, lasting for the duration of the work
activity, and will be negligible except in residential areas. Preparatory and
mitigation measures can also be developed and incorporated into the site
action plan. Transportation impacts are related to public attitudes (Section 5.2), land use and housing along transport routes (Sections 5.4 and 5.6);
regulations on transport of radioactive wastes, traffic loads, truck weights
and height limitations (Section 5.8); and availability of trucks, heavy-duty
equipment, and operators (Sections 5.9 and 5.10).
5.5.1

Description and Assessment Methods

As indicated in Section 2, the local road system will probably be used to
transport equipment and materials to and from the various sites, primarily by
truck. A map of the site area, the local community, metropolitan area, and/or
county will show the major highways and access to the various sites. Likely
transport routes to be used should be identified by the site engineers.
Estimated sizes and number of trucks and other equipment required, volume and
weight of material to be transported, and turn-around time for trucks on all
routes should be provided by site engineers. If specific information cannot
be provided for some reason (e.g., because contracts have not yet been let
out), then reasonable ranges should be estimated. As cost and scheduling
estimates are dependent in part on transportation plans, this information
should be available for the environmental assessment process.
Information on transportation volumes is available from two sources:
(1) the site engineering report, and/or (2) the local, county, regional, or
state traffic authority (e.g., police or sheriff's department, transportation
planner in the planning agency, or transportation department). Reports on
traffic volume are often published annually for sections of major routes in a
county or state. For more site-specific traffic information, local police or
sheriff's departments can identify local problem areas and the proximity of
potential routes to schools, hospitals, parks, emergency routes, and such. A
drive through the areas within a few blocks of the sites and along proposed
transportation routes—noting, for example, signs posting speed and weight
limits, crosswalks, and location of schools—can provide additional information and familiarity with the setting.
Besides project-specific transportation requirements, data should be
acquired on existing traffic volume and vehicle mix (e.g., passenger cars,
heavy-duty trucks) on the proposed routes and on all alternative routes—some
of which may be developed as part of the preliminary engineering description
of the proposed action (see Section 5.1). This information should also be
gathered for all roads and major intersections adjacent to the sites. Information from local authorities can identify other routes that would be affected
and these should be included in the analysis. Historical counts should be
used to identify trends and particular traffic problems in these data. Peak
use, average daily counts, and seasonal flow counts (e.g., for recreation
vehicles) are necessary as well as volume/capacity ratios, if available.
If there are bridges or rail crossings on potential transport routes,
information on the frequency of delays (e.g., for commuter trains or bridge
openings) is needed to project turnaround times for project vehicles and
delays created by project-related traffic.
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Existing traffic flew problems along these routes should also be identified to project possible aggravation by FUSRAP-related traffic. Potential
areas of conflict with FUSRAP transportation plans for the work period include:
school speed zones; heavily used pedestrian crossings (such as in a commercial
area); operations near the site and along transport routes with high shiftchange traffic volume; popular areas for children, the elderly, or the
disabled (such as parks, playgrounds, hospitals, or nursing homes); and school
bus and emergency vehicle routes (such as for ambulances or fire trucks).
Passenger-car traffic related to workers commuting to the sites is likely
to be low. For sites in industrial areas or along main arterials, the temporary impact of the additional FUSRAP traffic will be negligible. Because of
the short-term nature of the work activity, worker traffic will present only a
temporary inconvenience even in residential areas. The volume of FUSRAP
employee work trips at each shift change can be estimated by dividing the
number (or range of numbers) of site workers on each shift (provided by the
site engineers) by the average number of persons per car on work trips [1.25
(Kulp et al. 1980)] and multiplying by two (since each trip is a round trip
through the area). The number of work trips obtained will be a daily average.
However, most of these trips would take place at peak traffic times (shift
changes), and thus their impact should be measured relative to peak rather
than average daily volume. Availability of parking facilities for these
vehicles should also be evaluated.
If project-related transportation problems are likely to occur, traffic
control offices may be needed to handle them. Data on the number and availability of local traffic-control officers (local police, sheriff's patrol, or
state highway patrol) should be gathered from these agencies to evaluate their
capacity to handle these problems.
Estimates of the number of trucks and trips required are necessary to
evaluate transportation impacts and to develop mitigation strategies to reduce
negative impacts. For example, in a residential area with little truck traffic,
a truck passing through every 15 minutes would be a significant increase. Key
variables needed to make these estimates are the amount of materials to be
moved, truckload size, turnaround time, and number of days scheduled to move
the material.
From 8,000 to 60,000 m 3 of contaminated material may be moved from the
cleanup sites to the interim-storage site (Table 2.1). Backfill material
could be of equal volume, yielding a total volume to be moved of 16,000 to
120,000 m3. Movement of this volume of material would require about 1,70013,000 round trips by a 12-yd3 truck, or 3,400-26,000 trips into and out of
the sites. If turnaround time to unload and load a 12-yd3 truck takes 10 minutes and the trip to the landfill or backfill material source takes 15 minutes,
then a maximum of 12 trips could be made by one truck working constantly for
an 8-hour workday. Because delays due to such things as equipment problems or
traffic congestion are likely to occur, a more reasonable estimate would
probably be to expect a maximum of 10 trips per day if they can only travel
during one day shift. A project schedule that called for movement at the
central site of 30,000 m 3 of material on that 40-minute trip within a 100-day
work period would thus require a minimum equivalent of three to four 12-yd3
trucks working full time throughout the work period. This assumes that no
weather or other kinds of delays would occur during a one-summer (5-month or
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100-workday) action. A more realistic assumption may be 80-90 workdays,
raising the number of trucks needed to four or five. This schedule would
require that a truck enter or leave a site approximately every 7 minutes for
the full 8 hours. A "worst-case" situation, where 60,000 m 3 of material must
be moved, would require twice the number of trucks and trips. The interimstorage site would require the most truck trips; fewer trips would be required
at other sites and at backfill and landfill areas. A sample calculation is
presented in Table 5.2.

Table 5.2. Sample Calculation for Assessment of
FUSRAP-Related Truck Traffic

ASSUMPTIONS (from Table 2.1):
12-yd3 load-capacity trucks*
30,000 m 3 material to be moved (either to or from the site)
40-minute round trip
100 workdays
One 8-hour shift/day
10-12 loads/truck/day
CALCULATIONS:
30, 000 m 3 material
12 yd3/truckload*

3300 loads

3300 loads
100 workdays

•v 33 loads/day -> 66 trips/day in or out of
sites

33 loads/day
10 loads/day/truck

•v 3-4 trucks

8 hours/day
66 trips/day

- x .,,H in or out of sites every 7 minutes

12 yd 3 = 9 . 2 m3.
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Assessment of transportation impacts will consist of a comparison of the
proposed transport routes and plans for FUSRAP activities with existing community traffic patterns. Once estimates of trips have been made from the
calculations above and the schedules and routes to carry the traffic have been
identified, these figures can be added to existing community traffic figures
to estimate increments in truck traffic at peak and off-peak hours. Problems
that are created by the additional volume at peak times, on narrow roads, at
hazardous intersections, or at historically troublesome points will appear
through study of these combined traffic estimates.
5.5.2

Significance of Impacts

Action-related transportation volume, noise (see Sections 3.3 and 5.7),
and emissions (see Section 3.2) could have temporary impacts on local traffic
routes and on commercial and residential areas. The level of significance
would depend primarily on site-specific characteristics such as the volume of
material to be removed or brought in for fill and the routes to disposal
sites, landfills, and borrow sites.
In the case of some actions where little material is to be moved and the
sites are accessible by routes frequently traveled by heavy-duty trucks, the
increment over the existing transportation environment will likely be small
and impacts minimal. Where a site is located in a residential area and more
than a few blocks from an arterial used by trucks, only a few trips per day
may have negative impacts such as greatly increased noise, emissions, and
fugitive dust both from travel through the area and from loading and unloading.
Thus, the range of site-specific evaluations could be quite broad.
Temporary inconvenience for other vehicles—both personal and commercial—
will occur on the routes and on connecting roads, especially if the number of
truck trips is high relative to pre-action volume of trucks. Delays in deliveries and in work trips could affect local industrial and commercial operations. Commercial operations could also suffer temporarily reduced sales
while customers avoided the area because of the traffic delays.
The only long-term impact would be more rapid deterioration of roads due
to increased heavy-truck volume.
The increased risk of traffic accidents and injuries from the proposed
truck traffic is discussed in Section 3.7.
5.5.3

Mitigation of Impacts

Cooperation with local officials and citizens in planning and evaluating
proposed routes and schedules would reduce the likelihood of future controversy. The shortest route in distance may not be the most acceptable route
politically.
Possible mitigative measures include: adjusting schedules; adding turn
lanes, traffic signals, stop signs, or driveways; adding entrances to sites;
arranging with local agencies for traffic control officers or hiring one for
project traffic control; and repairing road damage related to truck and equipment traffic. A parking lot may have to be built on the central site for
workers' personal vehicles and FUSRAP trucks. All local ordinances regarding
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weight and speed limits should be obe^d, or appropriate waivers or temporary
permits acquired. Delays in area * affic should be kept to a minimum by
realistic and careful planning for the number of trucks and trip time needed
to complete the project within the schedule.
5.6

HOUSING

FUSRAP actions may affect housing markets and values. Temporarily
increased turnover times for housing sales and reduced mortgage availability,
though ir'nor in many cases, could be issues leading to public opposition and
local resistance to action plans. Traditional housing impacts related to
large influxes of workers are not likely to occur.
5.6.1

Description and Assessment Methods

Information needed to evaluate impacts of the remedial action on local
housing are: historical data on housing supply, distribution of housing
types, vacancy rates, turnover periods (i.e., how much time passes between
advertisement of a residence for rent or sale and closing of the rental/sales
agreement), plans for new housing development, and availability of temporary
lodging. Most of this information is available from community, county or
regional offices, where data are kept for tax assessments and issuing building
permits. The formal land-use plan or zoning map may provide information on
existing and future housing types and density near the sites. Local realtors
can provide estimates of existing and future housing values and turnover
periods. A more qualitative evaluation of housing very close to, on, or
adjacent to sites can be gathered on a site visit.
Housing impacts, if they occur, will be limited to residential areas
immediately surrounding the sites. Thus, an assessment focused on housing
within a few blocks of the sites and transportation routes and on nearby
temporary lodging facilities is appropriate. Where a proposed remedial action
involves a residence building or lot, estimates of the current and future
value and marketability of that building and lot should be made by at least
two sources (e.g., the current owner, an appraisor, or local realtor). Assessment of impacts would be the difference between the current estimates of value
and marketability and the estimates of these same factors for the period of
the work activity and beyond.
The temporary work force required for the FUSRAP action is not likely to
exceed 60 and in most cases will range around 35 (see Sections 2.3, 5.3, and
5.10). If 20 of these workers were brought in from outside (most likely
management and monitoring personnel), they would require temporary lodging in
motels, hotels, boarding houses, trailers, or rental units. The number of
available rooms near the site, or a general impression gathered on a site
visit of the proximity and availability of these units, should be included in
the housing evaluation. Conflicts with other demands on temporary lodging are
possible in sparsely populated rural areas with few facilities, in large
metropolitan areas with other large-scale projects, or around university
campuses. However, the small number of units needed will most likely have
little impact on the availability of local temporary lodging facilities.
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5.6.2

Significance of Impacts

Studies on the effects of a FUSRAP-like action or of radioactive waste
problems on housing are rare. Some evidence can be drawn from two studies of
situations of much larger publicity, of greater potential hazard, and, in the
case of one (the Three Mile Island accident [TMI]), of possibly shorter duration.
Researchers studying local housing values during the year following the
accident at TMI found that long-term housing values "were not, in general,
significantly or negatively affected by the TMI accident" when compared to
values before the accident (Pa. Gov. Off. Policy Plan. 1980; Gamble and
Downing 1981). Similar results were found for mortgage lending patterns,
rental vacancies, construction starts, and appreciation values (see Section 5.4.1). However, within about 4 months immediately following the accident, residential property sales within 8 km of the site dropped 45%, number
of days property remained on the market increased by 31%, and residential
construction starts dropped 30%. Within the next 8 months, these characteristics returned to a level comparable to that found within a 32-km radius of the
site (40-km radius in the Gamble and Downing study). Only one long-term
impact was noted: interviews with builders within the 32-km radius area
revealed that 17% would not build within an 8-km radius of the site, thus
potentially reducing new residential and commercial building within that
radius (Gamble and Downing 1981; Pa. Gov. Off. Policy Plan. 1980).
In an incident described in Section 5.4.1 and more directly relevant to
the FUSRAP situation, the Department of Housing and Urban Development implied
that the siting of a permanent disposal site fcr radioactive wastes and the
transportation of those wastes through the area could affect the likelihood of
acquiring an FHA loan for area residences (Lippold 1981).
Publicity about the TMI accident and radioactive waste-disposal sites has
increased public sensitivity to potential health effects of radioactivity.
Whether or not direct generalization to local FUSRAP actions from these two
cases is appropriate, this increased sensitivity is potentially the source of
public apprehension, which could indirectly affect the willingness to buy or
build in the area near the sites. Site-specific evaluations will indicate the
extent to which this generalizing effect exists (see also Section 5.2).
In cases where no housing is near the sites or transportation routes,
direct effects on housing are unlikely. However, based on the above studies,
if the public is concerned about other issues—such as effects of the action
on the quality of water used in their residences—temporarily prolonged turnover periods for housing sales and reduced mortagage availability may occur
for housing near FUSRAP sites. The nature of these impacts would be sitespecific and would depend on the level of public concern, publicity, and
nature of the action. In addition, residents whose property is part of a
nearby contaminated property would be significantly affected during the cleanup
action. Planning of site appearance after the FUSRAP action could also have
longer-term impacts on housing sales and values. Another potential temporary
impact, although unlikely and minor, would be the lack of temporary housing
for transient workers wishing to stay only a few days or months near the site.
It is likely that long-term housing values and marketability would be
more negatively affected in a FUSRAP action of interim storage, where the
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public may be in doubt about potential remaining health hazards, than in one
of complete cleanup and site restoration.
5.6.3

Mitigation Suggestions

Because potential effects on housing in the area are related to public
attitudes and perceptions of the project, the same suggestions made in Section 5.2 would be applicable, e.g., advance notification, open communication,
and involvement of directly affected individuals in planning the action. In
addition, once begun, site cleanups—particularly of residential sites or
sites in residential areas—should be completed as quickly as possible.
Excavation, certification, backfilling, and restoration should be carefully
scheduled to keep delays and inconvenience to a minimum.
Where residents lose the use of their residences or residential land
either permanently or temporarily, compensation could be arranged. In general,
compensation would take the form of a contract for restoration, e.g., landscaping or building replacement, rather than a value placed on inconvenience.
Case-by-case negotiations should take place to compensate persons whose homes
were already on the market before the FUSRAP action was known locally for
unexpectedly long turnover times (e.g., 50% more than the local average).
This would require arrangements prior to the action and would mean incorporation of the restoration plan into the action plan.
If a building—either a residence or another building on residential
property such as a garage or storage building—is to be excavated, replacement
or rebuilding compatible with the owner's tastes is appropriate.
5.7

NOISE

The measurement of noise levels and limits set for worker exposure and
equipment noise are discussed in Section 3.3 of this report. This section
describes noise impacts near the sites.
5.7.1

Description and Assessment Methods

In general, estimates of noise levels of activities on the sites will be
provided in the engineering report. Noise levels offsite would be less because
of increased distance from the source and possible barriers between the source
and the listener, e.g., walls or buildings. Thus, it is unlikely that exposure
to construction noise would be harmful to the health of people near the site
[such as described in Cohen et al. (1981)]. Annoyance from action-related
noise levels would be the major concern.
Rather than an absolute level of noise that causes annoyance, people are
more likely to be annoyed at the quality and constancy of the noise and at the
difference between action-related noise and pre-action noise types, levels,
quality, and constancy (Cermak 1979). Qualitative description of the preaction noise environment and estimates of the quality of noise differences
during the action is thus appropriate. Noise ordinances that set limits for
site areas and along transportation routes should also be identified and
inconsistencies noted (see Section 5.8).

5-22
Particular attention should be paid to several site-specific conditions.
Any especially noisy activities called for during the action (such as the
demolition of a building), especially in areas that are usually relatively
free of such activities, should be identified. Indications of previous annoyance with noise in site areas, sucfi as citizen complaints, can be used to
characterize the potential for noise impacts. This information can be
acquired in interviews with local authorities.
Labor and equipment requirements would be low for the majority of these
actions (see Section 2.3), and local subcontractors hired to perform the tasks
may be small firms. Federal OSHA noise standards (see Section 5.8), may not
apply to firms as small as these subcontractors. Thus, equipment used may not
be muffled to reduce onsite and offsite exposure levels. The site manager may
be able to provide insight into the likelihood of this situation. If no
information is available, the recognition of the potential impact should be
noted.
5.7.2

Significance of Impacts

Short-term increases in noise levels for the period of the action may
annoy workers and residents of previously quiet areas. This may aggravate
negative public and official response to the action.
Because FUSRAP schedules call for activity in the summers when more
people are outside, exposure to slightly increased noise levels is possible.
5.7.3

Mitigation Suggestions

Residents and local workers should be informed of the proposed action
during the planning stages and made aware of the potential increases in noise
levels over the period of the action. Efforts should be made to keep noise to
a minimum, and activities should be limited to daytime hours.
Mitigation measures are discussed in further detail in Section 3.3.
5.8

REGULATORY AND INSTITUTIONAL

The regulatory and institutional environment of the proposed action is
the body of federal, state, and local statutory laws and administrative regulations applicable to the proposed FUSRAP action; as well as the governmental
agencies, private organizations, and individual officials whose actions and
attitudes have the potential for significantly affecting implementation of the
proposed action. For example, the regulatory and institutional environment
would include the administrative agencies responsible for promulgating and
enforcing applicable regulations; the mechanisms, formal and informal, for
allocating responsibility and resolving jurisdictional conflicts among the
agencies; the policy positions and long-range plans of those agencies; the
local governmental structure; and the various more-or-less formalized expressions of goals, plans, priorities, and attitudes of those groups.
The proposed action will have an impact on the local regulatory and
institutional environment. Existing regulations may require modification
before the action can go forward. Jurisdictional conflicts may require
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resolution—for example, in a case where a FUSRAP site falls in two different
counties, each with different requirements on permits for truck traffic. The
proposed action may also conflict with local policies or planning, such as
future land-use plans (see Section 5.4). There may be uncertainty as to what
final form will be taken by applicable federal, state, or local regulations,
thereby impeding local planning (see also Kevin 1980). In addition, commitment
of local institutional resources (e.g., for site monitoring and surveillance)
may be required for indeterminate and possibly long periods of time.
The regulatory and institutional environment will, in turn, have an
impact on the proposed action. Resources will have to be allocated to meet
regulatory requirements. New requirements made by local governments in
response to FUSRAP concerns would create uncertainties for site engineers.
These delays and uncertainties in FUSRAP activities may then increase adverse
local regulatory and institutional impacts (see Section 5.2).
The assessment should contain an analysis of the regulatory and institutional environment in which the proposed FUSRAP action will take place—that
is, a summary description and discussion of how the regulations and institutions apply and function in the context of the proposed FUSRAP action. Applicable laws and regulations dealing with such matters as air and water pollution,
waste disposal, land use, transportation, noise, radiation, esthetics, and
preservation of historic, cultural, and natural resources should be identified. Institutional issues analyzed should include governmental structure and
jurisdiction at the federal, state, and local levels; apportionment of responsibilities for formulation, interpretation, and enforcement of regulations;
areas of potential overlapping jurisdiction and conflict; mechanisms for
resolving jurisdictional conflict; and areas of regulatory uncertainty and
gaps. Measures for decreasing demands on institutional resources (personnel
and funds), reconciling incompatibilities with institutional goals, and
decreasing or alleviating disruption of the regulatory and institutional
environment should also be suggested.
5.8.1

Description and Assessment

The environmental regulations at federal, state, and local levels that
are applicable to the proposed FUSRAP action and its alternatives should be
identified. Regulatory agencies and bodies with which DOE and its contractors
must deal should also be identified.
Inasmuch as the assessment will be directed to the environmental impacts
specific to a particular site and proposed action, the emphasis in the description and assessment will be on the local regulatory and institutional environment. The local environment cannot be described, however, without extensive
reference to federal and state regulations and institutions. The rationale
and form for much local regulation derives from, and is frequently mandated
by, law at the state or federal level. Thus, municipal or county zoning may
be dictated by state law, and state discharge permits are conditioned by
compliance with federally set pollutant emissions standards. Furthermore,
without a knowledge of the regulations and institutions at the higher levels
of government, the proper interpretation of local regulations and ordinances
may be hard to find. Therefore, although the focus of the assessment will be
on local and then federal and state regulatory and institutional environments,
the process will begin with a survey at the federal level and then go on to
the state and local levels.

5-24
Following are steps to be taken to describe the regulatory and institutional environment and to assess the potential impacts. Not all of these
steps should be taken in preparing every assessment; the need for a particular
step will vary, depending on the characteristics of specific FUSRAP sites and
proposed actions.
1.

Review the engineering report prepared by the contractor to obtain
initial information about the specifics of the proposed action and
about the local physical, regulatory, and institutional environments.

2.

Review the environmental legislation, regulations, executive orders,
guidelines, and statements of policy (including recent amendments)
at the federal level, with emphasis on their applicability to the
specific site. The first stage of such review would be a survey of
appropriate legal reference materials (loose-leaf services, recent
cases); the second would be contact with the appropriate federal
agencies at the regional and/or field level. Agencies to be contacted include the Department of Energy, Environmental Protection
Agency, Department of Transportation, Fish and Wildlife Service, and
any other agencies that may be identified as having jurisdiction and
interest in the activity.

3.

Review the state level in a similar manner.

4.

Contact local governmental entities to identify their regulatory
requirements and policies. In addition, gather further information
from these entities as to issues of local concern or potential
conflict (e.g., emergency preparedness) to judge their potential for
becoming legal or regulatory issues.

5.

Use information from a public scoping meeting (if held) and the site
manager as additional sources to identify applicable laws and local
regulations, interested persons, issues of concern, and potential
litigation.

6.

Describe existing procedures within the governmental structure for
establishing, interpreting, and enforcing standards; list the agencies charged with responsibility for implementing these procedures;
discuss existing mechanisms for conflict resolution in these areas;
and identify areas of potential uncertainty. Where new regulations
have been or are likely to be proposed and where prospective institutional responses can be identified, include them in the discussion.

Most of the information needed to describe the regulatory and institutional
environment will be obtainable from the engineering report prepared by the
contractor. Review of regulations at the federal and state level (except for
a brief survey of developments since the date of the engineering report) will
not usually be required for the site-specific reports.
For the most part, contact with agencies and local governmental entities
can probably be handled by telephone. Such contacts will primarily be used to
verify and confirm information on regulations and local institutions contained
in the engineering report. However, it is anticipated that the engineering
report will be complete and accurate enough to form the basis for analysis of
the local regulatory and institutional environment.
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5.8.2

Significance of Impacts

For a FUSRAP action that is completed efficiently and in a short time
period (e.g., one or two summers), impacts to the regulatory and institutional
environment may be minor and transitory. However, if delays are encountered
or if major revisions in the action are required, this may be perceived as
indicative of the inadequacy of local institutions to protect public health,
safety, and welfare.
The proposed FUSRAP action is activities related to the cleanup, storage,
and movement of materials associated with low-level radioactivity. As such,
it is likely to be perceived by the local residents as activities different in
kind from ordinary commercial and industrial activities, even though the
materials involved do not necessarily pose significantly higher risks to the
populace (see Sections 4.4 and 5.2). This perception is almost certain to
result in residents questioning the adequacy of local regulations and institutions to deal with the fundamental community concerns—namely the protection
of health, safety, and economic welfare. In some communities, FUSRAP will
attract little public attention or comment. In other instances, however, the
opposite reaction will occur (see Section 5.2), and the result may be disruption of the local legal and regulatory environment.
Local regulations and institutions most susceptible to disruption are
those intended to protect the health, safety, and economic welfare of the
local community. Their functioning depends on a structure of governmental and
private organizations; formal ordinances and regulations; informal agreements
and understandings; formal procedures for adjudication and conflict resolution;
and informal ways of proceeding and achieving concensus or acquiescence.
The subject matter of local regulation tends to be categorized in traditional ways, e.g., land use and zoning, noise control, traffic control, construction, safety codes, roads, sewers, schools, and hospitals. Local officials, as individuals and through boards, typically exercise broad discretion
over these categories through the issuance of permits and the granting of
variances. They respond to community perceptions of needs and priorities, and
act to accommodate and reconcile economic and political factions within the
community. In general, because local officials customarily deal with subject
matter that is familiar and repetitive, their constituency acquiesces to their
decision-making because the constituency has confidence in the past ability of
the local officials to predict the bounds of performance.
However, the proposed FUSRAP action may be seen by local residents as:
placing new issues before their local officials; involving new political and
economic forces; and imposing health, safety, and economic risks that are
novel and outside the experience of the local residents and their chosen
representatives. Community agreement as to how the public health, safety, and
economic welfare is to be protected may be difficult to obtain (see also
Section 5.2). Tangible effects of this disruption of the regulatory and
institutional environment may be manifest in such ways as new ordinances to
block activities essential to the proposed action (p.g., lowering of highway
load limits), refusal of variances, and increased administrative delay. Some
local residents have expressed concern about contingency plans and emergency
preparedness to deal with potential hazards to the human environment. None of
the proposed FUSRAP actions have the potential to create environmental hazards
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that would warrant the development of emergency plans. Where emergency planning appears to be an issue of local concern, the question of whether emergency
planning is warranted and the institutional impacts of undertaking such emergency planning should be addressed. Demands may be made for extensive contingency and emergency preparedness planning out of all proportion to any
realistically conceivable potential for harm. Local administrative and regulatory enforcement costs may rise, straining local financial resources and
thereby reinforcing public apprehensions. Jurisdictional conflicts are likely
tc become more difficult to resolve, and coordination of intergovernmental
activities harder to achieve. These impacts will be exacerbated if the action
is not completed expeditiously.
5.8.3

Mitigation Suggestions

The most general (and most obvious) technique for mitigating adverse
impacts to the local community will probably be m t Je an integral part of the
proposed plan, i.e., early and continuing coordination with local officials
and residents so as to inform, resolve conflicts, and develop experience in
anticipating and forestalling difficulties.
To resolve potential jurisdictional conflict or uncertainty (e.g., between
state, county, or municipal control of road traffic), early communication with
local officials and agencies and establishment of coordinating techniques
should be made, particularly where delays or uncertainties are anticipated.
Early and continuous dissemination of information within the local communitygiving knowledge about details of the proposed action, nature of and basis for
decisions being made, and quality and amount of progress of the various activities being undertaken—may reduce perceptions that local institutions are
inadequate to cope with problems that may arise (see also Sections 5.1 and
5.2). For actions that proceed expeditiously to completion (e.g., within one
or two summers), no more may be required. Early involvement of local officials
should foster increased local confidence in the integrity and responsibility
of the decision-making process (see Section 5.2).
At some sites, excessive financial costs may be imposed on local governing
or regulatory bodies—because of increased demands for evaluating applications
for permits, monitoring operations, etc.—without additional local revenues
being generated to offset those costs. Techniques should be suggested to
provide the local community with funds to cover the additional costs.
Implementation of the proposed action may in some cases cause the local
community to modify or reformulate its plans for land use and community
development. To aid the community in this task, support for local surveillance and monitoring (if extended storage is required) can be provided.
Technical aid to support planning activities may also be needed.
5.9

LOCAL ECONOMY

Economic impacts of the FUSRAP action could range from those common to
all sites, e.g., providing contracts for a few local subcontractors, to largerscale impacts that could occur at a few sites, e.g. the actual removal of
buildings in which there are active industrial or commercial operations.
Public finances may be affected slightly by changes in the tax status of site
lands.
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5.9.1

Description and Assessment Methods

The existing economic environment of the FUSRAP action is made up of
private industrial and commercial operations and of public financial systems
in the local area. The dominant income and employment providers in the larger
community surrounding the FUSRAP sites should be characterized by distributions of employment levels, sales, and/or business or personal income by
Standard Industrial Classification (SIC) code. In site areas that are predominantly commercial rather than industrial, a distribution of sales receipts by
SIC code is appropriate. Historical data covering the previous 5-10 years can
also be used to identify any recent changes in these distributions, e.g., the
closing of a local industrial plant or a period of rapid expansion. The
distributions are generally available by town, city, county, or SMSA from
local, county or state government offices of economic development or commerce.
U.S. Census Bureau data on County Business Patterns and its Annual Survey of
Manufacturers may also be useful sources.
Commercial and industrial establishments on or adjacent to the sites and
along transportation routes are particularly important to characterize.
Observations on a site visit and interviews with site managers, officials in
local offices of economic development, and the local chamber of commerce are
potential sources of information on: the kinds of operations (e.g., heavy
industrial or small commercial establishments), employment levels, and hours
of operation (e.g., 24-hour shifts, 10-hour sales days, or 8-hour office
days). [Information on operating schedules can also be used in assessing
transportation impacts (Section 5.5).] How much these operations would be
affected temporarily or permanently by the FUSRAP action can be estimated by
comparing transient population estimates during the work period with existing
levels, using methods described in Sections 5.5 and 5.6.
The public financial environment is best described using data on the
revenues and expenditures of the local government. Identifying major sources
of tax revenue, such as property taxes or local sales taxes, helps to characterize the community's dependencies for financing community services. Historical data covering the previous 5-10 years on major sources of revenue and
major expenditures should be identified. The local tax assessor's or
treasurer's office usually has these data readily available on an annual
bas is.
In the rare case of excavation of a site where an active industrial plant
is located, tax revenue from this plant would be reduced for the entire period
of the action and perhaps disappear permanently if the owner chooses not to
continue operation after the cleanup. Any substantial loss of public revenue
from an economic operation because of the action should be identified. The
local tax assessor's or treasurer's office can provide data on assessments of
major industries.
Other ongoing or proposed major construction projects near the sites or
in the larger metropolitan area that would compete for work forces, subcontractors, raw materials, and use of transportation routes should also be identified and the potential for conflicting demands noted. The same local sources
listed earlier could provide this information.
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In all discussions of the local economic environment and its recent
history, standardized dollar values should be used to account for inflation
and thus to make realistic comparisons over time. This adjusment is made by
using the Consumer Price Index (CPI) to convert values to a chosen base year.
Annual regional and national CPIs (seasonally adjusted) are published in
monthly news releases available from the U.S. Bureau of Labor Statistics.
The assessment of impacts should include a qualitative evaluation of
temporary losses of customers or work force at local commercial operations and
increases of income to nearby lodging and restaurant facilities (see Sections 5.3
and 5.5). A quantitative estimate of changes in tax revenue from site ownership
or use changes can be developed in consultation with local tax authorities and
planners.
5.9.2

Significance of Impacts

In general, impacts of the action on the local economy will be negligible
and short-term. As in the case of other impact areas, studies are rare.
Although FUSRAP actions are not likely to raise as much concern as the TMI
incident even in the very local areas, studies of the accident raise potential
issues. As a result of the accident, manufacturing and nonmanufacturing firms
temporarily lost money in value of production, sales and services (Pa. Gov.
Off. Policy Plan. 1980). Retail sales and services and the food processing
industry were the hardest hit of the industrial sector, particularly smaller
firms, suffering from work force absences and loss of customers fearful of
being in the area of the plant. These effects were short-term; most businesses
returned to normal after about 2 months although about one-third never recouped
their losses. Although the FUSRAP action is of a much lesser scale, public
opinion may be negative enough to temporarily discourage employees and customers from coming to establishments near the sites.
Temporary increases in noise, traffic delays, and fugitive dust may
interfere slightly with activity at businesses and industrial plants near the
sites by reducing customer and employee access and by creating delays and
inconveniences in deliveries over the period of the work activity. In a few
cases, a business or economic activity located on a site may have to be relocated temporarily or permanently, depending on the action taken and the restoration plans for the site.
Restaurants and motels close to the sites may experience a slight increase
in business during the period of the action because of the arrival of a small
work force from outside the local area.
There is a remote possibility that an industry or business close to an
interim-storage site would choose to relocate to avoid proximity, especially
if public concern over the action has been high. In this case, the industry
or business would experience costs indirectly related to the action and some
employees might lose income or jobs.
The tax status of site locations could change, depending on site land use
before and after the action. For example, if a site that had abandoned buildings and controlled access prior to the action was cleared for unrestricted
use, the land could be used for tax (and employment) producing operations.
This impact would be determined by site-specific variables.
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5.9.3

Mitigation Suggestions

To reduce the resistance of customers, employees, businesses, and industries to coining to the area, mitigation measures may include: (1) taking
prompt action once the need for remedial action is identified, and (2) informing the public and local officials and maintaining open communication before
and during the action. Careful scheduling to avoid delays would reduce the
period of temporary inconveniences. Scheduling truck traffic related to the
action around employee and customer traffic hours would both reduce inconveniences for the public and possibly reduce truck turnaround time on the project.
Noise and fugitive dust can be controlled by standard construction procedures (see Section 3 ) , particularly during hours agreed upon in interaction
with local officials and business operators.
5.10

EMPLOYMENT

Impacts of FUSRAP actions on local employment would involve workers
directly employed in FUSRAP activities and workers employed at nearby commercial and industrial operations which are affected by FUSRAP actions. In the
case of most FUSRAP sites, both direct and indirect impacts would be negligible.
5.10.1 Description and Assessment Methods
The employment environment is made up of the labor force, both employed
and unemployed. It is characterized generally by looking at historical trends
in the size of the labor force, the unemployment rate, and the distribution of
workers across occupational categories.
These data are available from the U.S. Bureau of Labor Statistics, state
offices of employment (or labor or economics), county or local government
offices, and, occasionally, in the case of specific occupations, from local
union offices. In general, data are published frequently (as often as monthly
on the national, state, and SMSA level), although site-specific area data may
be available only annually. Historical data, covering the previous 3-5 years,
provide insight info trends in labor force activity and help identification of
changes due to recent major events such as a large plant opening. In particular, statistics on the local availability of transport and heavy-duty equipment operators and construction workers would be useful for FUSRAP evaluations.
As shown in Table 2.4, from 13 to 60 workers (typically 35) will be
needed for construction/decontamination and a maximum of 22 (typically 10) for
the interim-storage period. Table 2.4 also shows the estimated work force
requirements by skill level for a typical action. The site engineering report
will provide this information for the particular FUSRAP project, as well as an
estimate of the number of workers who would be hired from the local labor
force. In rare cases, FUSRAP actions will require skilled labor of particular
specialties that may not be available in some small communities. If unemployment rates are very low in the local area, labor and subcontractors will have
to be attracted from farther away. In the majority of cases, the small number
of unskilled workers and some of the skilled workers can be hired locally with
negligible effects on local employment.
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5.10.2 Significance of Impacts
In the majority of FUSRAP actions, the work force and subcontractors
needed can be found locally. Negligible impact is expected on the employment
environment, and positive benefits will result from employment for this small
group of workers.
If the project receives negative publicity in advance, some subcontractors or workers may be reluctant to work on it. For example, at the Middlesex
site, a local worker who had already been hired resigned when he found he
would be transporting radioactive materials. Such situations could slightly
delay project schedules.
5.10.3

Mitigation Suggestions

Advance notice and preparation of workers for handling radioactive materials should be given to reduce labor difficulties.
To increase economic benefits to the community, site managers should
always try to hire both skilled and unskilled workers from the local area,
contacting local unions where the workers are unionized.
5.11

CULTURAL RESOURCES

Land in all FUSRAP actions will have been disturbed. Determination of
whether or not the cultural resources of these sites have already been disturbed and of their potential importance will be based on site-specific
characteristics.
5.11.1

Description and Assessment Methods

Prediction and assessment of impacts on the cultural environment is an
important part of an environmental assessment. Various federal, state, and
local laws have been instituted in order to identify, protect, and manage
cultural resources that may be affected by the proposed project (McGimsey
1972). A program for managing the cultural resources associated with a
federal action must include three phases: Phase I, Site Identification and
Description; Phase II, Site Evaluation; and Phase III, Mitigation and
Protection.
5.11.1.1

Phase I: Site Identification and Description

Cultural resources that may be directly or indirectly affected by the
proposed action must be identified and described. By definition, cultural
resources will include the material remains of past and present societies as
well as natural areas and features that are important to ethnic groups.
Categorically, cultural resources are described in several ways. First, a
cultural resource is defined as being historic or prehistoric in date with
reference to the era in which an item or natural area was manufactured, modified, or utilized by man (Willey 1966; McGimsey 1972; Cultural Syst. Res. Inc.
1978). Second, cultural resources are characterized by their physical appearance as either a standing structure or a locus of activity termed a "site"
where artifactual materials (movable objects) and/or features (nonmovable
objects) remain (Willey 1966; Dietz 1967; Chang 1968). Third, cultural
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resources are identified by two types of provenance in the earth or stone
matrix that surrounds them. A cultural resource site, artifact and feature
may be "in situ" (the original place of deposition) or disturbed. Furthermore,
it may also be located on the current ground surface or buried beneath the
current surface (Willey 1966; Dietz 1967; Chang 1968; McGimsey 1972).

Cultural resources can only be described once they have been located. In
some cases, catalogues of known sites are available from state and local
organizations. In addition there is the "National Register of Historic Places.
The potential impact area of FUSRAP sites as well as the area included in a
1.6-km corridor around FUSRAP site areas should be checked against these
lists.

The absence of cultural resource sites recorded on lists does not preclude
the possibility that unknown cultural resources may be present in the project
area, including resources that may be eligible for nomination to the "National
Register of Historic Places." Therefore, steps must be taken to determine the
presence or absence and nature of such resources.
The exact design of the studies to locate cultural resource sites will
vary depending on the objectives of the undertaking, the planning stage
involved, and the natural and cultural setting (Clarke 1968; Binford 1971;
Interagency Archeol. Serv. 1977). The research strategy for most studies
should include an evaluation of existing research and data, and a field
inspection.
The field inspection frequently consists of two steps. Step one is a
general reconnaissance of the study area in order to identify specific problems with the FUSRAP action area and field conditions. Step two is an intensive survey that should be initiated if the following conditions occur: (1) a
current state-of-the-art survey has not been conducted, (2) current soil
conditions are such that there is a potential for surface and subsurface
cultural resources to occur, and (3) cultural resource items and/or structures
are observed.

It is the federal agencies' responsibility to take into account the
effects of their undertaking on cultural resources that are listed in or are
eligible for nomination to the "National Register." Appropriate studies must
be undertaken to determine the presence or absence and nature of the resources
that may be affected (Interagency Archeol. Serv. 1977). Procedurally, the
federal agency ensures that the studies and appropriate data are collected,
that qualified individuals conduct the appropriate study, and that state-ofthe-art technical specifications are employed. Regulation 36 CFR 66 has been
designed to give basic guidelines to agencies faced with the need to conduct
such studies. Basic standards for personnel qualifications and methodological
direction are reviewed. In some cases, more specific information on personnel
experienced with cultural resource management in select regions may be obtained
from the Office of the State Historic Preservation Officer and from professional
archeological organizations.
13.11.1.2 Phase II Site Evaluation
Once cultural resources are identified, they must be evaluated as to
their importance for local and state registers and for eligibility for
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nomination to the "National Register of Historic Places." The specific criterion for nomination of individual cultural resources or groups depends upon
the specific area where the resource is located as well as the state of knowledge on the history and prehistory of that area. A state or national register
site or structure in one region of the country may not be evaluated as important
in another region (Adv. Counc. Hist. Preserv. 1980). Therefore, state programs
and regional scientific problems must be carefully factored into the evaluation phase of a cultural resource management program. The basic kinds of
descriptive data needed for evaluation of each cultural resource site will
also depend upon the local area. Consequently, the research design for site
identification and description should be carefully coordinated with appropriate local and state officials (McGimsey 1972; Interagency Archeol. Serv.
1977; Adv. Counc. Hist. Preserv. 1980).
The official contacts required for each FUSRAP project include the Office
of the State Historic Preservation Officer and the President's Advisory Council
on Historic Preservation. These agencies must be contacted and their comments
on the project's effects obtained.
The recommended data for each FUSRAP action site is as follows:
1.

Background Data—Provide a brief overview of the cultural
history of the local area; identify data deficiencies and major
research problems and provide descriptions and locations of
sites in local, state, and federal registers.

2.

Predictive Models—Provide historic and prehistoric subsistencesettlement models that are applicable to predicting the kinds,
numbers, and distributions of cultural resource sites in the
FUSRAP site and surrounding area.

3.

Field Identification Surveys—Provide (a) a description and
location of prehistoric, historic, and ethnohistoric sites,
(b) the research design and methodology used for surface and
subsurface site identification, and (c) field conditions at the
time of survey such as vegetation, topography, and weather.

4.

Ethnic Interviews and Surveys—Characterize Native American
groups and individuals that still live in or near the project
area, describing the cultural and/or natural resources that
have importance to them.

5.

Resource Evaluation—Identify the cultural resource sites on
the project property that have importance and may be potentially
eligible for nomination to the "National Register." Identify
the criterion used for site selection.

5.11.1.3

Phase III Mitigation and Protection

Once cultural resource sites have been identified and evaluated, the
project alternatives must be reviewed because they can impact cultural resource
sites, structures, and items. The assessment should identify direct and
indirect impacts. Direct impacts result from ground-disturbing activities
associated with project construction and operation. Indirect impacts are
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associated with human intrusion and vandalism as well as land-use changes that
may cause damage because of erosion and construction associated with growth
and development in areas surrounding the project.
Once the direct and indirect impacts have been identified, several options
are available for mitigating adverse effects for most types of projects and
categories of cultural resources. Briefly, mitigative options include:
project abandonment; cultural resource abandonment (no protective actions);
modification of the project's design; salvage of data; testing of structures,
objects and artifacts; and physical protection of properties and sites.
Mitigative options usually involve the latter kinds of actions and are
required, based on the dual criteria that the resource meets the criteria of
significance for the "National Register" and the criteria of adverse effect
(Iroquois Res. Inst. 1977).
A sample case of the assessment process for cultural resource impacts is
presented as a flow diagram in Figure 5.1.
5.11.2 Significance of Impacts
Cultural resources are nonrenewable. As land-use changes and development
occur within a state, cultural resources are being destroyed at an everincreasing rate. Therefore, those that remain have increasing importance for
better understanding previous cultural adaptations to a local area. The
importance of individual or groups of cultural resources will ultimately
depend upon their rarity and historic importance, and upon the scientific
contributions that can be made. Therefore, the more important the site, the
more adverse is the impact. The severity of the impact is also determined by
the amount of disturbance or destruction that occurs to an individual cultural
resource.
5.11.3 Mitigation Suggestions
Critical resource mitigation may become part of a FUSRAP action. Planned
mitigation would occur when there has been a finding of a potentially adverse
effect to a cultural resource and when this resource also meets the criteria
for eligibility for nomination to the "National Register of Historic Places."
The purpose of mitigative action is to reduce, minimize, and otherwise avoid
adverse effects from the proposed FUSRAP action. The form the mitigation plan
may take is expected to depend upon a number of factors such as: type of
resource, state of preservation, current environmental stability, current
state-of-the-art methods, seasonality, and project schedule. Such factors
will produce site-specific conditions with mitigation programs varying between
and within FUSRAP sites.
In general, prehistoric sites can only be sampled, picked up, excavated,
or protected in place. There are more mitigative options for buildings,
structures, and objects—some of which may be relocated, rehabilitated,
restored and reused (Iroquois Res. Inst. 1977). The cost and effectiveness of
any of these mitigation actions will be reflected by the management of the
project. Cultural resource identification and evaluation must be incorporated
into the early phases of the project to permit efficient mitigation. Poor
planning and inadequately executed studies may result in increased costs due
to tighter schedules and work delays.

PRELIMINARY EVALUATION
Ecological survey determines that 1000-ft
corridor around property was plowed but site
is otherwise an undisturbed weed field

Cultural resource library study results in
predictive model that would place the project
in a highly sensitive prehistoric area

PROPOSED ENGINEERING PLANS
Decision t o bury material onsite

Local, state and federal registers checked
and no sites are listed

CULTURAL RESOURCE PROBABILITIES

• Recognize that entire property will
be graded

Current property has 1000-ft

border that is slightly
di sturbed

Determine that cultural resources
could s t i l l remain buried i n some
areas of current parking and i n
1000-ft corridor

DETERMINATION THAT CULTURAL RESOURCES COULD BE IMPACTED

GENERAL SURFACE RECONNAISSANCE
Systematic surface walkover and inspection of drainage ditch wall confirm that lithic debris is present in areas of bare soil
in field and parking lot. In situ deposits are identified in the ditch profile. Historic log cabin is observed.

FIELD RESEARCH DESIGN CONSTRUCTED FOR INTENSIVE SURVEY
Historic literature checked

Historic interviews made

* Prehistoric literature checked

Office of State Historical Preservation Officer (SHIPO) visited

QUALIFIED FIELD STAFF SELECTED
Archeologists
Lab personnel
Architect

Anthropologist
Historian

• Ethnonhistoric literature checked

State museum and university records
inspected

FIELD SURVEY CONDUCTED
Five prehistoric sites found by shovel testing entire area due to dense vegetation.
Historic cabin is associated with a well.

ALL SITES EVALUATED
Five prehistoric sites and one historic site surface collected and test-excavated.
Three stratified sites and log cabin determined to be eligible for National Register.
Nomination forms filled nut and sent to SHIPO.

:i
DETERMINATION OF ADVERSE EFFECT HADE
Statement from SHIPO

CASE REPORT PREPARED BY APPLICANT
CO
MITIGATION PROPOSED
Three prehistoric sites to be avoided.
One prehistoric site to be salvage-excavated.
Historic cabin to be moved to museum and well to be excavated.

SHIPO AND ADVISORY COUNCIL AGREE
Memorandum of Agreement
with FUSRAP and Site Managers

MITIGATION COMPLETED AND FINAL REPORT
AND ARTIFACTS PLACED IN STATE MUSEUM

Figure 5.1. Flow Diagram for Sample Assessment of Cultural Resource Impacts.
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5.12

ESTHETICS

Impacts to esthetics are potential at all sites because the appearance of
restored and cleaned up property and of the interim-storage property will be
changed. The nature and level of impact will be site-specific, depending on
the area surrounding the site and its accessibility and visibility.
5.12.1

Description and Assessment Methods

Evaluation of the esthetics of the FUSRAP action is done in the context
of the local area surrounding the sites and of the proposed restoration plan.
The sites are located in a wide range of physical settings (e.g., a landfill
in a rural area, a building on a university campus, or a site in the middle of
an industrial area). In the case of a proposed property-cleanup/interinrstorage
remedial action, the compatibility of the surface appearance of the storage
area with the setting should be qualitatively evaluated. If the cleanup sites
are to be excavated and permanently restored to unrestricted use, their compatibility with the surrounding area should be evaluated with some care--not only
with regard to the surface appearance but also with regard to use. Evaluation
and assessment of impacts may involve identification of line, color, form, and
texture of the scenic resources; the composition of the landscape in terms of
the variety of components (both naturally occurring and constructed forms);
the distance from which these resources would be viewed and in what light
conditions; and the homogeneity of the surrounding landforms and structures
(Dunkley 1977). Distinctive and unusual characteristics and/or features,
especially those positively valued by the local community (e.g., a memorial
sculpture), should be identified for the surrounding area. Where the restoration plan may call for a setting that detracts from these features, these
problems should be pointed out explicitly.
Activity during the cleanup would produce dirt, mud, waste and supplies
piles, etc., and thi se items may be inconsistent with the setting. These
inconsistencies should be noted, particularly when the sites are in nonindustrial settings.
The FUSRAP interim-storage period may last 5 to 20 years. This length of
time, although temporary in terms of decay of radioactive materials, is longterm in consideration of the visual resources of the action areas. Thus,
proposed physical barriers to restrict access--such as fences, walls, and
coverings of the contaminated areas—should also be evaluated for their compatibility with the setting.
5.12.2

Significance of Impacts

The significance of the esthetic impacts would vary considerably, depending on specific site characteristics, the restoration plan, and whether the
action is for permanent cleanup or interim storage.
Temporary increases in fugitive dust, waste piles and other visible
debris; removal of natural features (such as trees); and disruption of the
pre-action setting would occur during the period of the action. The significance of these impacts would depend on public response and on the inconsistency with the pre-action visual setting. For example, a residential yard
may not be as attractive for years after the action because large plant growth
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cannot be immediately restored. However, cleaning up trash in some sites in
order to excavate may improve the visual resources after the action and restoration.
5.12.3 Mitigation Suggestions
Planning for restoration of the site after the action should be coordinated
with local citizens and local officials, such as the city planner.
During the period of the action, the site area should be sprayed with
water frequently to control fugitive dust (see also Section 3.2). Delays in
the action should be avoided, particularly for sites in residential areas or
on residential property.
When weather conditions are such that trucks would pick up large amounts
of mud or dust from the sites, the amount that might be dropped enroute between
sites should be kept to a minimum, e.g., through hosing of truck wheels before
leaving the site. Trucks carrying waste should be covered.
Efforts should be made to restore the original visual resources of the
site as much as possible. For example, where large, old trees are removed,
mature trees should be used as replacements in the restoration process. This
approach is particularly important when the sites are located in residential
areas or where public resistance to the action is high.
5.13

UTILITIES

Power and water supplies and sewage-disposal systems of the local area
may be used during the period of the action. Negligible impacts on local
supplies are expected for the majority of sites.
5.13.1 Description and Assessment Methods
Local, county, or regional government offices—such as the water or
planning departments or sewerage district—can provide statistics on power
sources and supplies and on the capacity of local water distribution and
waste-water treatment systems (volume of water pumped or sewage treated, size
of population served, and size of population that could be served). The location of the nearest connections into these systems from the sites should also
be identified, as well os jurisdiction over use of these utilities (see also
Section 5.8).
During FUSRAP activities, water will be needed for controlling fugitive
dust (see Section 5.12), for washing contaminated areas and vehicles, and for
temporary office facilities (see Section 2). Sewer systems will have to
absorb runoff from some of these activities
Runoff and waste water may need
to be treated prior to leaving the site to meet local standards for hazardous
materials. Power will be needed for temporary office and worker facilities.
Some sites will have existing connections with water, sewer, and power systems;
others will require construction of connections. Site managers and the engineering plan for the FUSRAP action should give information on the status of
the utility connections. One of these sources could provide an estimate of
water requirements over the period of the action.
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Utilities—particularly water--are important aspects of the FUSRAP action
to be evaluated for two reasons: (1) to assess the adequacy of the existing
systems to meet FUSRAP needs, and (2) because public attitudes regarding the
action may focus on potential health hazards related to use of local water and
sewage-disposal systems (see Section 5.2).
Assessment of impacts should be a calculation of the reduction of capacity
(if any) of these utility systems and an identification based on these calculations of any potential problems in supply.
5.13.2 Significance of Impacts
For most sites, impacts to utility supplies and systems would be insignificant. However, where water supplies are low or where no power, water,
and/cr sewer lines (including storm sewers) are accessible, the significance
of the impacts could be greater. If negative public opinion is aroused about
the possibility of contamination of local water supplies, then impacts could
also be more significant. If concern is great enough—whether or not it is
justified in light of technical arrangements in the proposed action—and it is
translated into official government action (such as a town ordinance), then
project scheduling and plans could be affected (see Section 5.2).
Temporary waste- and/or water-holding and treatment areas may need to be
built before these materials can be put into local sewage-treatment and wastedisposal systems. If so, temporary impacts of the cleanup operations (such as
fugitive dust from more construction) could be increased.
5.13.3 Mitigation Suggestions
A formal communications program with local officials and citizens in
project planning is again deemed essential to mitigate potential impacts.
Through this process, site managers can also learn about adequacies of supply,
problems in connecting with existing systems, and the kinds of water and
waste-water treatment that may be necessary before site supplies can be put
into the local systems.
5.14 OTHER COMMUNITY SERVICES
Transportation of materials will be the major source of any impacts to
community services. The capacity of police and sheriff's staffs to handle
transportation problems related to FUSRAP actions and impacts on medical,
educational, recreational, and elderly community facilities along the transportation routes were discussed in Section 5.5. Since FUSRAP actions would not
require that a large number of workers move into the area, capacities of
community services would not be strained (see Section 5.1) and, thus, impacts
to many would be insignificant. Two potential exceptions to this general
statement are discussed below in Section 5.14.2.
5.14.1 Description and Assessment Methods
The location of all medical, educational, recreational, elderly, and
other such facilities near the sites and adjacent to transportation routes
should be identified on a map of the local area. (See Section 5.5 for more
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detail on this assessment.) This can be done through interviews with local
officials, a drive through the area, or obtaining addresses from the telephone
directory.
The ability, capacity, and training of personnel in local hospitals,
police and fire departments, and emergency facilities (such as ambulances) to
handle emergencies involving radioactive material should be stated (see also
Section 5.5). Jurisdiction of these facilities should be identified (see also
Section 5.8). Again, local government officials or the site manager may be
able to supply this information. If not, the facilities, departments, and
agencies themselves should be contacted.
The availability and capacity of local landfills should be identified,
since nonhazardous waste materials would likely be transported to these sites.
Using data on the amount of material to be moved to these landfills, the
capacity used for FUSRAP actions should be calculated. Assessment of the
significance of this use would depend on the capacity that would remain and
the availability of alternative landfill sites for local use.
5.14.2 Significance of Impacts
In most FUSRAP actions, negligible impacts on these community services
would occur. However, impacts of two types could be exceptions to this statement. An emergency specifically involving radioactive exposure is unlikely;
however, if it occurred, many areas would not have trained personnel and
appropriate equipment to handle it. A significant impact with a higher probability of occurrence would be that action-related wastes would consume enough
of the capacity of local landfill site(s) that the useful life of these landfills would be shortened. This impact could be particularly significant for
sites in the northeastern United States, where landfill sites are already at a
premium (Bentley et al. 1978).
Temporary impacts of noise, fugitive dust, and traffic delays could
affect nearby health, educational, recreational, and elderly facilities. The
level of significance of these impacts would depend on proximity to the sites
and transportation routes.
5.14.3 Mitigation Suggestions
Training of staff in local emergency response agencies to handle emergencies involving radioactive materials would take care of potential problems of
this type. Education of the local public and officials, for example, through
talks at clubs or in the context of a first aid course, would raise the awareness of the community as to the low probability of such accidents and to what
kind of response is appropriate. This education would also serve the larger
purpose of reducing general levels of concern of the public.
Prior planning with local officials about landfill facilities and their
capacities beyond existing local needs would result in identification of
alternative sites or ways of disposing the nonhazardous wastes (e.g., for
building of local roads).
As described in Section 5.5, dust- and noise-control procedures and
scheduling of truck trips into and out of the sites so as not to conflict with
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peak pedestrian and traffic times for health, educational, recreational, and
elderly facilities would reduce these impacts. These procedures and schedules
should be developed in coordination with staff at these facilities or local
officials knowledgeable about their operation.
5.15

SUMMARY

Description of the socioeconomic environment of FUSRAP actions and assessment of potential impacts to that environment requires considerable background
work in gathering and synthesizing many forms of information. The final
written product will only briefly and concisely summarize the results of this
work, but a responsible assessment cannot be done without the initial effort.
In this chapter, components of the socioeconomic environment have been
identified, and techniques for their evaluation have been presented. The goal
has been to be as inclusive as possible of all aspects of this environment, so
as to aid in assessing all possible site-specific situations, including those
that may be very unlikely. Table 5.1 is a summary of the potential significance of impacts in each socioeconomic aspect of the environment as identified in Section 5.
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APPENDIX A. PHOTOGRAPHS OF ACTIVITIES DURING A
PROPERTY-CLEANUP/INTERIM-STORAGE
REMEDIAL ACTION
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Figure A.I. Clearing and Grubbing Vegetation Using Hydro-Saw.

Figure A.2. Excavation Using Backhoe.
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Figure A.3. Watering Excavation Area to Reduce Dust.

Figure A.4. Excavated Properties.
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Figure A.5. Backfilling Topsoil
Using Bulldozer.

Figure A.6. Restored and Landscaped
Property.
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Figure A.7. Constructing Storm Runoff Settling Basin at
Storage Pad.

Figure A.8. Unloading Dump Truck at Storage Pad.
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Figure A.9. Segregated Wood at Storage Pad.

Figure A.10.

Storage Pad in Final Form with Cover and Drain
System.

Figure A.11. Drilling Monitoring Well
at Storage Pad.

Figure A.12. Air Monitor.
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B.I

REGULATORY CONSIDERATIONS

The Formerly Utilized Sites Remedial Action Program (FUSRAP) is being
conducted by the U.S. Department of Energy to identify, characterize, and
implement remedial actions at sites formerly utilized by the U.S. Army Corps
of Engineers, Manhattan Engineer District (MED), and its successor, the
U.S. Atomic Energy Commission (AEC). These remedial actions are being undertaken to reduce the potential risks to members of the general population from
the extant radioactive contamination at these sites. One such remedial action
is property-cle'anup/interim-storage as described in this document.
To provide some perspective of the radiological impacts associated with a
FUSRAP property-cleanup/interim-storage remedial action, the relevant laws,
criteria, guidelines, and standards appropriate for consideration in establishing occupational and public radiation dose* limits and allowable concentrations
of radionuclides in soil material following a remedial action are described in
this appendix. Hazardous waste criteria that could affect FUSRAP are also
discussed.
Standards for radiation exposure limits to the general population and
workers have not yet been determined specifically for FUSRAP activities. It
is anticipated that these standards will be set based on the current body of
existing regulations. Many of the regulations given in this appendix do not
have direct applicability to existing FUSRAP sites. Inclusion of such regulations should not be construed as recommendation for their use. The standards
that are eventually incorporated for this program will include such considerations as current and future health risks, ability to ascertain whether the
standard has been met, costs, land-use restrictions, and other similar concerns.
A DOE task force of health-effects experts was convened in late 1981 to analyze
the health risks at specific sites and to set program-specific standards
(Keller 1981a).
B.I.I

Historical Perspective

The development of criteria and standards for radiological protection for
both occupational doses and doses to the general population have undergone
continual evolution over the past 50 years. By the early 1920s, it became
apparent that X-rays improperly used in a variety of medical practices were
responsible for an increased incidence of cancer among practitioners (Taylor
1981). On July 27, 1928, the Second International Congress of Radiology
(meeting in Stockholm, Sweden) adopted a series of resolutions—including the
definition of an international unit of X-radiation, the Roentgen (R), and
recommendations for protection against X-rays and radium (Andrews 1961).
These recommendations primarily limited the amount of working time in radiation
areas, e.g., 7 hours a day, 5 days a week with one month's holiday per year.
The concept of a "tolerance dose" was implicit in the definition established
for "threshold erythema dose". Following this principle, monthly exposure was
limited to 5 R, with a daily limit of 2 R, in the belief that the body could
repair all damage at these rates.

*The term "dose" is used synonymously with "dose equivalent" in this, appendix.
These terms are defined in the glossary of this report.
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In 1934, the International X-Ray and Radium Protection Commission [the
forerunner of the International Commission on Radiological Protection (ICRP)]
recommended an exposure limit of 0.2 R/day. This limit was subsequently
reduced to 0.1 R/day in 1936 at the suggestions of G. Failla (Shapiro 1981)
and, independently, of A. Mutscheller (Taylor 1981).

The advent of the Manhattan Project (the wartime atomic bomb project) and
its more complex radiation protection problems required the restructuring and
expansion of pre-World-War-II advisory committees. The heightened security,
however, prevented publication of the criteria and standards that were established for occupational exposure at that time (Parker 1981). In late 1946,
the National Council on Radiation Protection and Measurements (NCRP), an
outgrowth of the former Advisory Committee on X-Ray and Radium Protection, was
established to provide guidance in matters dealing with radiological protection. Some of the concepts and guidelines produced by this group (Parker
1981; ohapiro 1981) included:
• A reduction of the recommended maximum permissible dose to
0.3 rem/wk (recommended in 1949).
• The principle that potential deleterious effects are additive
throughout an individual's lifetime.
• The first statement of the desirability of holding all exposure
to the lowest practicable level.
• The recommendation of specific limits for exposure of specific
organs.
• The concept of maximum permissible dose (MPD) as the basis for
calculations of maximum permissible body burdens (MPBB) and
maximum permissible concentrations (MPC) of radioactivity in
air and water.
With the advent of civilian nuclear power, the NCRP in 1956 recommended a
reduction in the permissible dose to 0.1 rem/wk or 5 rem/yr, subject to age
proration limitations that a radiation worker should not receive more than
5 rem for each year of his age over 18. During that same year, a limit was
recommended for the potential inhalation and ingestion of radionuclides. This
limit was set at 0.3 rem/wk to the critical organ, i.e., that organ receiving
a radiation dose that results in the greatest overall damage to the body. The
exception to this was bone, for which a limit (established in 1941) of 0.1 uCi
of fixed radium in the body was retained. From the 0.3 rem/wk limit, maximum
permissible body burdens and maximum permissible concentrations were derived
for many individual organs, but not including the gonads.

Consideration was also given at that time to potential genetic effects,
and resulted in the first ICRP recommendation of nonoccupational limits for
the general population. For individuals, a dose limit of one-tenth the occupational limit (i.e., 0.5 rem/yr) was recommended; fo^ the general population,
one-third of the individual dose rate limit was suggested (Shapiro 1981; Natl.
Counc. Radiat. Prot. Measure. 1971). It was believed that these limits would
keep the d(-se during the child-bearing years to an acceptably small fraction
of the "doubling dose", i.e., the dose that would double the number of mutation
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that would otherwise occur in the offspring of unexposed parents. About this
same time, the Federal Radiation Council, an official body formed to guide the
U.S. government regarding federal policy on exposure, reviewed existing standards. It reaffirmed the individual 0.5-rem/yr standard and suggested that
the majority of individuals should not vary from the average by more than a
factor of three. Thus, a value of 170 mrem was recommended for yearly wholebody exposure of average population groups. This recommendation of 170 mrem
was, by coincidence, the same as that given by the ICRP. These recommended
limits, with minor additions and modifications, were reinforced again in 1971
in a report of the NCRP.
The last major change in both philosophy and exposure limits occurred
with the publication of ICRP Report No. 30 in 1979 (Int. Comm. Radiol. Prot.
1979). The concepts of the critical organ, maximum permissible concentration
(MPC), and maximum permissible body burden (MPBB) were discarded, and were
replaced by the Annual Limit on Intake (ALI) and Derived Air Concentration
(DAC). Following ICRP philosophy, a weighted sum of the doses to all irradiated tissues and the associated risks are determined. Partial body exposures
are considered within limits if the associated risk is less than or equal to
the risk from irradiating the whole body uniformly to an annual occupational
dose limit of 5 rem.
Individual agency regulations not included in the historical perspective
are defined in more detail in the following section.
B.I.2 Current Radiological Regulations and Hazardous Waste Criteria
Most of the FUSRAP sites were contaminated as a result of activities
associated with processing various types of uranium and thorium ores and
related compounds. Onsite soil materials were contaminated as a result of
intermixing with these ores and compounds, and nearby properties were contaminated as a result of such mechanisms as deposition and resuspension. Because
the disposition of this material is governed by a variety of federal regulations, it may be assumed that criteria applicable to FUSRAP sites will be
based on the same body of regulations. This section, therefore, presents a
review of current regulations and associated criteria or guidance that may
come to bear on the FUSRAP program. Many of these regulations are given in
the U.S. Code of Federal Regulations (CFR).
The regulations and guidance documents summarized herein are from a
variety of sources, including the U.S. Nuclear Regulatory Commission, the
U.S. Environmental Protection Agency and the incorporated Federal Radiation
Council, the U.S. Department of Energy, the U.S. Department of Transportation,
the National Council on Radiation Protection and Measurements, and the International Commission on Radiological Protection. Of these, only the latter two
are not official government agencies and, therefore, these two agencies provide
only recommendations rather than regulations.
B.I.2.1

U.S. Nuclear Regulatory Commission

Pursuant to the Energy Reorganization Act of 1974 (Public Law 93-438),
the U.S. Nuclear Regulatory Commission (NRC) was established as the primary
licensing and regulatory body for nuclear materials—specifically, for the
granting of source material licenses. Source material is defined in 10 CFR
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Part 20 as "(i) uranium or thorium, or any combination thereof, in any physical
or chemical form; or (ii) ore which contains by weight one-twentieth of one
percent (0.05%) or more of (a) uranium, (b) thorium or (c) any combination
thereof. Source material does not include special nuclear material". Subsequently, the NRC has published a number of regulations and guidance documents
(Regulatory Guides) regarding source materials that may impact the FUSRAP
program. These documents are listed below along with a brief commentary.
Standards for Protection Against Radiation (10 CFR Part 20). This regulation establishes the standards for protection against radiation hazards arising
out of activities licensed by NRC. These standards include exposure limits
for individuals in restricted areas (radiation workers), for individuals in
unrestricted areas, and for concentrations of radioactivity in air and water
released to both restricted and unrestricted areas. However, NRC is now
considering revising and updating many of these limits (U.S. Nucl. Reg. Comm.
1980a), and the revised limits are expected to be in effect by the fall of
1982.
Currently, the principal limits for individuals working in restricted
areas (i.e., occupational exposures) are established for a period of 13 weeks
or one continuous calendar quarter. They are as follows:
Dose per
Calendar Quarter
(rem)
Whole body, head and trunk, active
blood-forming organs, lens of eyes,
or gonads
Hands and forearms, feet and ankles
Skin of whole body

1.25
18.75
7.5

The whole-body dose, however, may be increased in any calendar quarter to
3 rem, provided that when added to the accumulated occupational dose to the
whole body, the total shall not exceed 5 (N-18) rem where N equals the individual's age in years at his last birthday. The whole-body dose includes any
dose to the whole body, gonads, active blood-forming organs, head and trunk,
or lens of eyes. More restrictive requirements—i.e., a factor of 10 lower—
are in effect for individuals less than 18 years of age (minors).
The maximum permissible concentrations of radionuclides in air and water
in a restricted area are contained in 10 CFR Part 20, Table I of Appendix B.
A worker may not inhale, ingest, or absorb concentrations exceeding these
limits when averaged over a 13-week, 40-hour/week period. For the most part,
these concentrations are those that would limit an annual dose to (a) 5 rem to
the whole body, head and trunk, blood-forming organs, gonads, and lens of
eyes, and (b) 15 rem to other single organs. For workers below the age of 18,
all the above limits are reduced by a factor of 10.
For members of the general population (individuals in unrestricted areas),
no individual may receive a dose to the whole body in excess of 0.5 rem in any
period of one calendar year. In addition, radiation levels in unrestricted
areas are limited so that no one may receive more than 2 mrem in any one hour
or 100 mrem during any seven consecutive days.
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Table II of Appendix B, 10 CFR Part 20, also lists the maximum permissible concentrations of radioactivity in air and water above natural background for effluents released to unrestricted areas. These limiting concentrations were calculated based upon an annual maximum potential whole-body
dose of 0.5 rem. Limits for other organs include annual doses of 0.5 rem to
blood-forming organs, 3 rem to bone surfaces, and 1.5 rem to other organs
except thyroid. For thyroid, an annual dose limit of 3 rem was used except
for exposures from radioiodine, for which an annual dose limit of 1.5 rem to a
child's thyroid was used.
Of importance for the standards for exposure to workers and to individuals
in unrestricted areas is a further requirement that all potential exposures
must not exceed the standards, but should also be maintained to levels "as low
as reasonably achievable" (ALARA). This standard is applied in individual
licensing actions to assess the licensee's operations. In applying the standard, costs and other social considerations are taken into account.
Some of the more significant changes anticipated in these standards by
the fall of 1982 include:
• A program, required rather than recommended, to maintain all
exposures as low as reasonably achievable (ALARA).
• Elimination of the 5 (N-18) maximum accumulated dose concept,
to be replaced by planned special exposures.
• Annual rather than quarterly exposure limits.
• Replacement of the Maximum Permissible Concentration (MPC)
concept with Annual Limit on Intake (ALI) and Derived Air
Concentration (DAC).
In addition, the methodology and recommendations found in Publications 26
and 30 of the International Commission on Radiological Protection (1977, 1979)
are undergoing review by NRC with a view towards incorporation into the updated
regulations. The ICRP recommendations are discussed in later sections of this
appendix.
It should be noted that NRC has also amended its regulations to incorporate new U.S. Environmental Protection Agency (EPA) regulations on exposures
to individuals from certain nuclear fuel-cycle facilities as given in 40 CFR
Part 190. These are summarized in the sections discussing current EPA
standards.
Regulations pertinent to disposal of radioactive wastes are also included
in 10 CFR Part 20. As used in Part 20, disposal can refer to any of the
following:
• Transfer to another authorized licensee.
• Disposal by a manner not otherwise authorized.
• Release into sanitary sewerage systems.
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• Release in effluents to unrestricted areas.
• Treatment or disposal by incineration.
In a recent modification to Part 20, NRC amended the requirements to
permit licensees greater leeway in disposal of some wastes (U.S. Nucl. Reg.
Comm. 1981b). In the rule, licensees are allowed to dispose of liquid scintillation media and animal carcass waste having concentrations of tritium or
carbon-14 not in excess of 0.05 uCi/g without regard to its radioactivity.
That is, such wastes may be disposed by such means as discharge into ordinary
refuse channels (e.g., a sanitary landfill) or, depending upon the chemical
hazard of the waste, by disposal into a hazardous waste facility. In addition,
the allowable annual quantities of tritium and carbon-14 disposed into the
sanitary sewerage system was raised to 5 Ci for tritium and 1 Ci for carbon-14.
Regulating the disposal of low-level radioactive wastes in licensed
burial facilities is currently accomplished according to regulations in Section 20.302, as well as portions of 10 CFR Parts 30, 40, and 70. The method
for obtaining approval of proposed disposal procedures (Section 20.302), which
provides only general guidance of an administrative nature, is as follows:
(a) Any licensee or applicant for a license may apply to
the Commission for approval of proposed procedures to dispose
of licensed material in a manner not otherwise authorized in
the regulations in this chapter. Each application should
include a description of the licensed material and any other
radioactive material involved, including the quantities and
kinds of such material and the levels of radioactivity involved,
and the proposed manner and conditions of disposal. The application should also include an analysis and evaluation of pertinent information as to the nature of the environment, including
topographical, geological, meteorological, and hydrological
characteristics; usage of ground and surface waters in the
general area; the nature and location of other potentially
affected facilities; and procedures to be observed to minimize
the risk of unexpected or hazardous exposures.
(b) The Commission will not approve any application for a
license to receive licensed material from other persons for
disposal on land not owned by the federal government or by a
state government.
(c) The Commission will not approve any application for a
license for disposal of licensed material at sea unless the
applicant shows that sea disposal offers less harm to man or
the environment than other practical alternative methods of
disposal.
Finally, 10 CFR Part 20 contains a number of other criteria and requirements related to radiation protection. These include requirements on surveys,
personnel monitoring, and posting; requirements for records, reports, and
notification; and requirements on receipt and shipment of packages containing
radioactive material.
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Rules of General Applicability to Licensing of By-product Material
(10 CFR Part 30). Part 30 prescribes rules applicable to the licensing of
by-product material. By-product material is defined as any radioactive material (except special nuclear material) yielded in or made radioactive by
exposure to the radiation incident in the process of producing or utilizing
special nuclear material. Some FUSRAP wastes originated from such processing.
Licensing of Source Material (10 CFR Part 40). Part 40 establishes procedures and criteria for source material regarding the issuance of licenses to
receive title to, receive, possess, use, transfer, deliver, or import into or
export from the United States. Of possible significance to the FUSRAP program
are the amendments to 10 CFR Part 40 (and Part 150, Agreement States) concerning licensing requirements for uranium and thorium milling and the tailings
generated from these activities (U.S. Nucl. Reg. Comm. 1980b). The basic
support documents to these regulations are the Draft and Final Generic Environmental Impact Statements (EISs) on Uranium Milling of the U.S. Nuclear Regulatory
Commission (1979, 1980c).
The results of the studies described in the generic EISs led to the
establishment of 12 criteria, 8 technical and 4 financial, relating to the
operation of uranium mills. The technical criteria qualitatively address
selection of tailings sites and evaluation of alternative disposal methods;
surface and groundwater protection; and airborne effluent minimization and
monitoring. Quantitative standards governing tailings reclamation, of relevance to the majority of FUSRAP sites, are contained in Criterion 6--i.e.,
sufficient earth cover, but no less than 3 m, should be placed over tailings
to reduce radon exhalation from buried tailings to a calculated value of not
more than 2 pCi/m2-s above background (U.S. Nucl. Reg. Comm. 1980b). It
should also be noted that these values are somewhat arbitrary and in the case
of radon represent twice the average background radon flux for the contiguous
United States. Direct gamma emissions from reclaimed tailings should be
reduced to essentially background levels.
Numerical Guides for Design Objectives and Limiting Conditions for
Operation to Meet the Criterion "As Low As Is Reasonably Achievable" for
Radioactive Material in Light-Water-Cooled Nuclear Power Reactor Effluents
(10 CFR Part 50, Appendix I). Appendix I is concerned with design objectives
for reducing nuclear power plant effluents and has little impact on the FUSRAP
program. They are repeated herein for completeness and perspective. The
design objectives and limiting conditions of operation for a reactor must be
such that reasonable assurance is provided that the liquid and airborne
effluents from the plant will not cause the annual dose to any person in an
unrestricted area to exceed certain limits. The numerical limits are as
fo11ows:
• Liquid effluents cannot result in annual doses in unrestricted
areas exceeding 3 mrem to the total body or 10 mrem to any
organ.
• Airborne effluents cannot result in annual doses in unrestricted
areas greater than 10 mrem for gamma radiation or 20 mrem for
beta radiation. In addition, limits on annual doses include
5 mrem to the total body and 15 mrem to the skin from gaseous
effluents, 15 mrem to any organ from radioactive iodine, and
15 mrem to any organ from particulate activity.

B-9

In addition to the criteria listed above, an applicant or operator shall
"include in the radwaste system all items of reasonably demonstrated technology
that, when added to the system sequentially and in order of diminishing costbenefit return, can for a favorable cost-benefit ratio effect reductions in
dose to the population reasonably expected to be within 50 miles of the reactor."
As an interim measure, the values $1000 per whole-body person-rem and $1000
per person-thyroid-rem were proposed as values to use in the cost-benefit
analysis.
[Proposed] Licensing Requirements for Land Disposal of Radioactive Waste
(10 CFR Part 61). Land disposal of certain FUSRAP wastes is currently a
viable disposal alternative. This recently proposed regulation outlines the
standards and procedures that would apply if this waste is disposed by shallow
land burial in a licensed landfill. Briefly, the performance objectives
described in these guidelines are to limit the annual whole-body dose rate to
an inadvertent intruder to 500 tnrem and to limit the level of radioactivity
released to the general environmental to a level such that the annual dose to
any member of the public would not exceed 25 mrem to the whole body, 75 mrem
to the thyroid, and 25 mrem to any other organ (U.S. Nucl. Reg. Comm. 1981a).
This leads to a segregation of various types of wastes into three classes:
1. Class A Segregated Wastes—Wastes for which there are i.o stability
requirements but which must be segregated from other wastes
before disposal. These wastes are defined by maximum allowable
concentrations of certain isotopes and certain minimum requirements for waste form that are necessary for safe handling.
2.

Class B Stable Wastes—Wastes that must be placed in a stable
form and kept segregated from unstable waste forms. These
wastes are also defined by allowable concentrations of isotopes
and requirements for a stable form as well as by minimum handling
requirements.

3.

Class C Intruder Wastes—Wastes that need to be placed in a
stable form, segregated from unstable forms, and disposed so
that a barrier is provided against potential intrusion after
institutional controls have lapsed. These wastes are also
defined by allowable concentrations of iostopes and requirements for disposal by deeper burial or inside some other barrier.

The concentrations of various radionuclides that govern this segregation
are presented in Table B.I. Other requirements for shallow land burial may be
found in the draft EIS on 10 CFR Part 61 of the U.S. Nuclear Regulatory Commission (1981a).
Special Nuclear Material (10 CFR Part 70). Part 70 establishes procedures
and criteria for the issuance of licenses to receive title to, own, acquire,
deliver, receive, possess, use, transfer, import, and export special nuclear
material. Special nuclear material consists of plutonium, uranium-233, and
uranium enriched in the isotopes 233 or 235, but not source material. Source
material is uranium, thorium, or ores that contain 0.05% or more of uranium,
thorium, or a combination of the two. Since very few if any FUSRAP wastes
would be classified as special nuclear material, the regulations given in
Part 70 will have little relevance to FUSRAP. This regulation is cited for
completeness on7y.
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Table B.I. Proposed NRC Waste Classification Systemt1
Maximum Concentration (uCi/cm3)
Isotope
Any with half-life
less than 5 years
Tritium (H-3)

Class A
Segregated Waste

Class B
Stable Waste

700

70,000

40

10

Class C
Intruder Waste
Theoretical maximum
specific activity
Theoretical maximum
specific activityt2

Carbon-14 (C-14)

0.8

0.8

0.8t2

Nickel-59 (Ni-59)

2.2

2.2

2.2

Cobalt-60 (Co-60)

700

70,000

Theoretical maximum
specific activity

Nickel-63 (Ni-63)

3.5

Niobium-94 (Nb-94)

0.002

Strontium-90 (Sr-90)

0.04

Technetium-99 (Tc-99)

0.3

0.3

0.3t2

Iodine-129 (1-129)

0.008

0.008

0.008T2

Cesium-135 (Cs-135)

84

70
0.002

150

70
0.002

700

84

84

44

4,600

Cesium-137 (Cs-137)

1.0

Enriched uranium

0.04

0.04

0.04

Natural or depleted
uranium

0.05

0.05

0.05

Alpha-emitting
transuranic isotopes

10 nCi/g

Plutonium-241 (Pu-241)

350 nCi/g

t1

The following notes apply to this table:
For isotopes contained in metals or metal alloys, or permanently fixed on metal as contamination,
the values above may be increased by a factor of ten, except natural or depleted uranium which
can be the natural specific activity.
For isotopes not listed above, use the values for Sr-90 for beta-emitting isotopes with little
or no gamma radiation; the values for Cs-137 for beta-emitting isotopes with significant gamma
radiation; and the values for U-235 for alpha-emitting isotopes other than radium.
Wastes containing chelating agents in concentrations greater than 0.1% are not permitted except
as specifically approved by NRC.
For mixtures of the above isotopes, the sum of ratios of an isotope concentration in waste to
the concentration in the above table shall not exceed one for any waste class.
Concentrations may be averaged over the volume of the package. For a 55-gallon drum, multiply
the concentration limits by 200,000 to determine allowable total activity.
Until establishment and adoption of other values or criteria, the values in this table (or
greater concentrations as may be approved by NRC in particular cases) shall be used in categorizing waste for near-surface disposal.

t2

Near-surface disposal facilities will be limited to a specified quantity for the disposal site.
This quantity will be determined at the time the license is issued and will be governed largely
by the characteristics of the site.
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Packaging of Radioactive Material for Transport and Transportation of
Radioactive Material Under Certain Conditions (10 CFR Part 71). Part 71
establishes requirements for transportation and preparation for shipment of
licensed material. It prescribes procedures and standards for approval by NRC
of packaging and shipping procedures for fissile materials and for highspecific-activity radioactive wastes. Very few, if any, FUSRAP wastes would
fall under this regulation because the FUSRAP wastes are generally the result
of processing and handling of uranium and thorium ores and associated materials.
This regulation is cited for completeness only.
Physical Protection of Plants and Materials (10 CFR Part 73). Part 73
establishes requirements for physical protection of special nuclear material
at fixed sites and in transit as well as of plants in which special nuclear
material is used. Because very few, if any, FUSRAP wastes would be classified
as being special nuclear material, this regulation has little applicability to
FUSRAP. It is cited for completeness only.
Determination of Exclusion Area, Low Population Zone, and Population
Center Distance (10 CFR Part 100, Section 100.11). Part 100 describes criteria
used by NRC in evaluating the suitability of proposed sites for nuclear reactors. Of interest to FUSRAP are the dose limits given in Section 100.11 of
this part. Dose limits are used for determination of reactor exclusion areas
and low population zones. These limitations are 25 rem to the whole body or
300 rem to the thyroid from iodine exposure, assuming a major accident that
results in release of appreciable quantities of fission products. As noted in
10 CFR Part 100, the whole-body dose of 25 rem corresponds numerically to the
maximum dose recommended by the NCRP for a once-in-a-lifetime accidental or
emergency dose to radiation workers. The dose guidelines are intended as an
aid in evaluating a proposed power reactor site with respect to potential
reactor accidents of exceedingly low probability of occurrence, and low risk
of public exposure to radiation. The dose limits set forth in 10 CFR
Part 100.11 are not meant to imply that the numbers constitute acceptable
limits for emergency doses to the public under accident conditions. This
regulation is cited to note the accident radiation dose limits specified by
NRC.
Exemptions and Continued Regulatory Authority in Agreement States Under
Section 274 (10 CFR Part 150). Section 274 gives certain licensing authority
to Agreement States. However, the requirements issued by these states must be
at least as stringent as those on the federal level. Among the states with
FUSRAP sites, the following are Agreement States: California, Florida,
Maryland, New Mexico, New York, Oregon, and Texas.
Branch Position on Disposal or Onsite Storage of Residual Thorium or
Uranium from Past Operations. A recent NRC branch position on "the disposal
or onsite storage of residual thorium or uranium (either as natural ores or
without daughters present) from past operations" may also impact the FUSRAP
program (Dircks 1981). The sites formerly used for processing thorium and
uranium materials are characterized as having soil material that is contaminated with sufficiently low concentrations as to justify disposal on privately
owned lands or storage onsite rather than disposal at a commercial disposal
site for low-level wastes. A summary of the four disposal and one storage
options is presented below.
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Disposal Options
1. Disposal of acceptably low concentrations (that meet EPA cleanup
standards) of natural thorium, depleted or enriched uranium,
and uranium ores with no restriction on burial method.
The concentrations specified for this option are believed to be
sufficiently low that the method of burial requires no restriction. It is expected, however, that currently licensed operations will be conducted so as to minimize soil material contamination and reduce it to levels as low as reasonably achievable
(ALARA).
2. . Disposal of certain low concentrations of natural thorium and
depleted or enriched uranium (with no daughters present) when
buried under prescribed conditions with no land-use restrictions and no continuing NRC licensing of the material.
Under this option, burial will be permitted only if it can be
demonstrated that the buried materials will be stabilized in
place and not transported away from the site. Acceptability of
the site for disposal will depend on its topographical, geological, hydrological, and meteorological characteristics. At a
minimum, burial depth will be at least 1.2 m (4 ft) below the
surface.
3.

Disposal of low concentrations of natural uranium ores with
daughters in equilibrium when buried under prescribed conditions in areas zoned for industrial use and the recorded title
documents are amended to state that the specified land contains
buried radioactive materials and are conditioned in the manner
acceptable under state law to impose a covenant running with
the land that the specified land may not be used for residential
building. There is no continuing NRC licensing of the material.
Disposal will be approved if the burial criteria
option 2 (including burial at a minimum of 1.2m
met. Under option 3, no residential building will
over land where natural uranium ore residues have

4.

outlined in
[4 ft]) are
be permitted
been buried.

Disposal of land-use-limited concentrations of natural thorium,
natural uranium, and depleted or enriched uranium when buried
under prescribed conditions in areas zoned for industrial use
and the recorded title documents are amended to state that the
land contains buried radioactive materials and are conditioned
in the manner required by state law to impose a covenant running
with the land that the land (1) may not be excavated below
stated depths in specified areas unless cleared by appropriate
health authorities, (2) may not be used for residential or
industrial building, and (3) may not be used for agricultural
purposes. There is no continuing NRC licensing of the disposal
site.
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Criteria for disposal under these conditions is based upon the
assumption that intentional intrusion is less likely to occur
if a warning is given in land documents of record not to excavate
below burial depths in specified areas of land without clearance
by health authorities, not to construct residential or industrial
buildings on the site, and not to use specified areas of land
for agricultural purposes. In addition to meeting the burial
criteria in option 2, recorded title documents would be amended
to impose these land-use restrictions.
The maximum concentrations permitted under each disposal option is given in
Table B.2.

Table B.2. Maximum Concentrations of Thorium and Uranium
Permitted Under the Four Disposal Options
Proposed by NRC

Type of Material

Maximum Concentration per
Disposal Option (pCi/g)
1
It
2t 2
3t 3
4f*

Natural thorium (Th-232 + Th-228)
with decay products present and
in equilibrium

10

50

-

500

Natural uranium (U-238 + U-234)
with decay products present
and in equilibrium

10

-

40

200

Depleted uranium
• Soluble
• Insoluble

35
35

100
300

1,000
3,000

Enriched uranium
• Soluble
• Insoluble

30
30

100
250

1,000
2,500

t1
t2
t3
t4

Based on EPA cleanup standards.
Concentrations based on limiting individual doses to
170 mrem/yr.
Concentration based on limiting equivalent exposure to
0.02 working level (WL) or less.
Concentrations based on limiting individual doses to
500 mrem/yr and, in case of natural uranium, limiting
exposure to 0.02 WL or less.

B-14
Storage Option
1. Storage of licensed concentrations of thorium and uranium
onsite pending availability of an appropriate disposal site.
When concentrations exc. sd those specified in disposal option 4,
long-term disposal other than at a licensed disposal site will
not normally be a viable option under the provisions of 10 CFR
Part 20.302. In such cases, the thorium and uranium may be
stored onsite under an NRC license until a suitable method of
disposal is found. License conditions will require that radiation doses be within those specified in 10 CFR Part 20 and be
maintained as low as reasonably achievable.
It should be noted that the approach taken for these options is consistent
with that found in 10 CFR Part 61 and is based on two assumptions. First, the
burial site may some day be intruded upon, and second, the buried radioactive
materials will not likely present a danger to the public health and safety
even if intruded upon, i.e., the annual whole-body dose to an intruder is
limited to 500 mrem.
The NRC also publishes a number of Regulatory Guides that may have applicability to the FUSRAP program. These are listed below with annotation where
appropriate.
Calculation of Annual Doses to Man From Routine Releases of Reactor
Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I (Regulatory Guide 1.109). This guide presents the basis for calculation of doses from exposure to radionuclides. It lists dose conversion
factors, uptake factors (plant and animal), and other relevant data.
Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases From Light-Water-Cooied Reactors (Regulatory
Guide 1.111). This guide discusses various models used to calculate dispersion of pollutants in the atmosphere. The models are used in a number of
codes that calculate dispersion from uranium mills, e.g., AIREM (Martin et al.
1974), AIRDOS (Moore et al. 1979) and MILDOS (Gnugnoli and Martin 1980).
Termination of Operating Licenses for Nuclear Reactors (Regulatory
Guide 1.86). This guide describes methods and procedures considered acceptable
by NRC for termination of operating licenses for nuclear reactors. Of particular significance to FUSRAP are the acceptable surface contamination levels for
decontaminated facilities.
Guidelines for Decontamination of Facilities and Equipment Prior to
Release for Unrestricted Use or Termination of Licenses for By-Product,
Source, or Special Nuclear Material, 1976. This guideline is presumed to
replace Regulatory Guide 1.86. It also contains acceptable surface contamination levels for decontaminated facilities.
Additional NRC regulatory guides that may be applicable include: Guide
to the Contents of Applications for Uranium Milling Licenses (Regulatory
Guide 3.5); Preparation of Environmental Reports for Uranium Mills (Regulatory
Guide 3.8); Measuring, Evaluating and Reporting Radioactivity in Releases of
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Radioactive Materials in Liquid and Airborne Effluents from Uranium Mills
(Regulatory Guide 4.14); Quality Assurance for Radiological Monitoring Programs (Normal Operations): Effluent Streams and the Environment (Regulatory
Guide 4.15); Application for Bioassay for Uranium (Regulatory Guide 8.11); and
Bioassay at Uranium Mills (Regulatory Guide 8.22). (It should be noted that
the last two guides are considered by NRC to be out-of-date but are expected
to be updated in the near future.)

Draft regulatory guides that may be applicable include: Health Physics
Surveys in Uranium Mines (Draft Regulatory Guide OH 710-4); Information Relevant
to Ensuring that Occupational Radiation Exposure at Uranium Mills Is As Low
As Reasonably Achievable (ALARA) (Draft Regulatory Guide OH 941-4); and Calculational Models for Estimating Radiation Doses to Man From Airborne Radioactive
Materials Resulting from Uranium Milling Operations (Draft Regulatory Guide
RH 802-4).
The following regulatory guides are currently under development; their
state of completeness is unknown at this date: Standard Format and Content of
License Applications for Management and Disposal of Radioactive Waste, and
Calibration of Air Sampling Devices for Total Volume of Air Sampled.
B.I.2.2

U.S. Environmental Protection Agency

The U.S. Environmental Protection Agency (EPA) has the responsibility for
establishing radiation standards through the transfer of authorities from the
U.S. Atomic Energy Commission and the former Federal Radiation Council by the
President's Reorganization Plan No. 3 of 1970. EPA's role, which is complementary to NRC's role, has two major functions: (1) establishing general
environmental standards, and (2) providing guidance to federal agencies in the
formulation of radiation standards under the auspices of the former Federal
Radiation Council. In addition, EPA promulgates radiation standards under a
variety of statutory authorities. These include the Federal Water Pollution
Control Act, Clean Air Act and Amendments, Safe Drinking Water Act, Resource
Conservation and Recovery Act, and lastly, the Uranium Mill Tailings Radiation
Control Act. In the following paragraphs, regulations promulgated by EPA that
have potential for impacting the FUSRAP program are reviewed.
Proposed guidance for federal agencies regarding management or regulation
of radioactive waste material were issued by the EPA in November 1978 (U.S.
Environ. Prot. Agency 1978). Comments were requested from the public to be
used in the formulation of the final criteria and recommendations to be submitted to the President for approval. Final criteria are not planned by EPA.
The intent of the criteria was to establish the basic principles to be applied
by federal agencies for the formulation of policies, plans, programs, and
decisions involving the management and disposal of radioactive waste. The
proposed guidelines issued by EPA included the following:
1.

Radioactive materials should be considered radioactive wastes
requiring control for environmental and public health protection if they have no designated product or resource value and:
(a) are human-produced by nuclear fission or activation, fabricated from naturally occurring radioactive materials into
discrete sources or, as a result of regulatory activities, are
prohibited from uncontrolled discharge into the environment; or
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(b) contain diffuse, naturally occurring radioactive materials
that, if disposed into the biosphere, would increase exposure
to humans above that which would occur due to the preexisting
natural state of the area.
2. The fundamental goal for controlling any type of radioactive
waste should be complete isolation over its hazardous lifetime.
Controls that are based on institutional functions should not
be relied upon for longer than 100 years to provide such
isolation; radioactive wastes with a hazardous lifetime longer
than 100 years should be controlled by as many engineered and
natural barriers as are necessary.
3. Radiation protection requirements for radioactive wastes should
be based primarily on an assessment of risk to individuals and
populations; such assessments should be based on predetermined
models and should examine at least the following factors:
• The amount and concentration of radioactive waste in a
location and its physical, chemical, and radiological
properties;
• The projected effectiveness of alternative methods of
control;
• The potential adverse health effects on individuals and
populations for a reasonable range of future population
sizes and distributions, and of uses of land, air, water,
and mineral resources for 10,000 years or any snorter
period of hazardous persistence;
• Estimates of environmental effects using general parameters
or of health effects based on generalized assumptions for
as long as the wastes pose a hazard to humans, when such
estimates could influence the choice of a control option;
• The probabilities of releases of radioactive materials to
the general environment due to failures of natural or
engineered barriers, loss of institutional controls, or
intrusion; and
• The uncertainties in the risk assessments and models used
for determining them.
4. Any risks due to radioactive waste management or disposal
activities should be deemed unacceptable unless it has been
justified that the further reduction in risk that could be
achieved by more complete isolation is impracticable on the
basis of technical and social considerations; in addition,
risks associated with any given method of control should be
considered unacceptable if:
• Risks to a future generation are greater than those acceptable to the current generation;
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• Probable events could result in adverse consequences
greater than those of a comparable nature generally
accepted by society; or
• The probabilities of highly adverse consequences are more
than a small fraction of the probabilities of high consequence events associated with productive technologies
that are accepted by society.
5.

Locations for radioactive waste disposal should be chosen as to
avoid adverse environmental and human impacts and, wherever
practicable, to enhance isolation over time.

6.

Certain additional procedures and techniques should also be
applied to waste disposal systems that otherwise satisfy these
criteria if use of these additional procedures and techniques
provides a net improvement in environmental and public health
protection. Among these are:
• Procedures or techniques designed to enhance the retrievability of the waste; and
• Passive methods of communicating to future people the
potential hazards that could result from an accidental or
intentional disturbance of disposed radioactive wastes.

National Primary and Secondary Ambient Air Quality Standards (40 CFR
Part 50). The movement of contaminated soil material during any reclamation
program may raise the concentration of particulate matter (fugitive dust).
The primary ambient air quality standards are: (1) an annual geometric mean
not exceeding 75 ug/m3, and (2) a maximum 24-hour concentration of 260 ug/m3
not to be exceeded more than once per year. For secondary ambient air quality
standards, the figures are reduced to 60 ug/m3 and 150 ug/m3, respectively.
National Emission Standards for Hazardous Air Pollutants (40 CFR Part 61).
As stated in the Clean Air Act, as amended in 1977, EPA is required to prescribe
emission standards for any air pollutant that would probably cause or contribute
to an increase in mortality or serious illness. On December 27, 1979, radionuclides were included as hazardous air pollutants (U.S. Environ. Prot. Agency
1979a). The Clean Air Act, however, was due for review during 1981 and it is
uncertain whether radionuclide standards will be promulgated in the near future.
EPA Administered Permit Programs: The National Pollutant Discharge
Elimination System, the Hazardous Waste Permit Program; and the Underground
Injection Control Program (40 CFR Part 122). The EPA issues permits as part
of programs established by a number of acts. The programs are:
(a) The Hazardous Waste Management Program under Subtitle C of the
Solid Waste Disposal Act, as amended by the Resource Conservation and Recovery Act (RCRA) of 1976 (Public Law 94-580 as
amended by Public Law 95-609).
(b) The Underground Injection Control (UIC) Program under Part C of
the Safe Drinking Water Act (Public Law 95-523 as amended by
Public Law 95-190).
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(c) The National Pollutant Discharge Elimination System (NPDES)
Program under Sections 318, 402, and 405(a) of the Clean Water
Act (Public Law 92-500 as amended by Public Law 95-217 and
Public Law 95-576).
(d) The Dredge or Fill Program Under Section 404 of the Clean Water
Act.
(e) The Prevention of Significant Deterioration (PSD) Program under
regulations implementing Section 165 of the Clean Air Act (CAA)
as amended (Public Law 88-206 as amended).
Extensive revisions have recently been made to 40 CFR Parts 122 through
124 to consolidate the program-permitting requirements for the RCRA and UIC
programs with those already established for the NPDES program. Also consolidated are the permit issuance procedures for the PSD permits under the CAA
with those permits issued for the RCRA, UIC, and NPDES programs. Newly established are requirements for state programs under the RCRA, UIC, and Section 404
programs.
Part 122 establishes definitions and general permitting requirements for
RCRA, UIC, and NPDES programs administered by EPA. These requirements include
applicability (i.e., who must apply for a permit); contents of permit applications; mandatory permit conditions; and procedures for revision, reissuance,
or termination of permits. Certain requirements applicable to state programs
are also presented.
State Program Requirements (40 CFR Part 123).
Part 123 establishes
requirements and procedures for state programs for the management and control
of hazardous material, as well as procedures for EPA approval, revision, and
potential withdrawal of a state program. EPA programs that may be transferred
to approved state control include the RCRA hazardous waste program, UIC program,
NPDES program, and the Section 404 programs for control of discharge or dredged
or fill materials into the waters of the United States. Included in the
Part 123 requirements are requirements for public participation in the
issuance of permits.
Procedures for Decisionmaking (40 CFR Part 124). Part 124 establishes
EPA procedures for actions on permit applications made as part of the RCRA
hazardous waste, UIC, PSD, and NPDES programs. Included are procedures for
public participation, consolidated review and issuance of two or more permits
to the same facility or for the same activity, and appealing EPA decisions.
Criteria and Standards for the National Pollutant Discharge Elimination
System (40 CFR Part 125). Part 125 contains criteria and standards for making
permit determinations under the National Pollutant Discharge Elimination
System. These determinations become the basis for initial NPDES permit terms
and any possible conditions or modifications to them.
National Interim Primary Drinking Water Regulations (40 CFR Part 141).
This part establishes primary drinking water concentrations pursuant to Section 1412 of the Public Health Service Act, as amended by the Safe Drinking
Water Act (Public Law 93-523). Section 141.11 lists the maximum contaminant
concentrations for inorganic chemicals other than flouride (see Table B.3);
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Table B.3. Maximum Contaminant Concentrations
Permitted by the EPA for Various Inorganics
in Drinking Water

Contaminant
Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Nitrate (as Nitrogen)
Selenium
Silver

Concentration
(mg/L)
0.05
1.0
0.010
0.05
0.05
0.002
10
0.01
0.05

these concentrations are the predecessors of those in proposed 40 CFR Part 192,
with the exception of molybdenum. Section 141.15 presents maximum contaminant
concentrations for radium-226, radium-228, and gross alpha-particle radioactivity. These limits are: (a) combined radium-226 and radium-228 concentration of 5 pCi/L, and (b) gross alpha-particle activity (including radium-226
but excluding radon and uranium) of 15 pCi/L. Concentrations of other radionuclides are defined in Section 141.16 as "the concentration of man-made
radionuclides causing 4 mrem total body or organ dose . . . calculated on the
basis of a 2-liter per day intake using the 168-hour data listed in 'Maximum
Permissible Body Burdens and Maximum Permissible Concentration of Radionuclides
in Air or Water for Occupational Exposure1 NBS Handbook 69 as amended August,
1963." Also, Section 141.25 lists various analytical methods for measuring
radioactivity.
Environmental Radiation Protection Standards for Nuclear Power Operations
(40 CFR Part 190). This regulation establishes exposure standards for the
uranium fuel cycle including milling of uranium ore, chemical conversion of
uranium, isotopic enrichment, fuel fabrication, electricity generated by light
water reactors, and reprocessing of nuclear fuel. Activities specifically
excluded by the regulation include mining operations, operations at wastedisposal sites, transportation of any radioactive material in support of these
operations, and the reuse of recovered non-uranium special nuclear material
and by-product materials from the cycle.
The standards for normal operations are as follows (U.S. Environ. Prot.
Agency 1976):
(a) The annual dose shall not exceed 25 mrem to the whole body,
75 mrem to the thyroid, and 25 mrem to any other organ of a
member of the public as the result of exposures to planned
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discharges of radioactive materials (radon and its decay
products are excepted) to the general environment from uranium
fuel-cycle operations and to radiation from these operations.
(b) The total quantity of radioactive material entering the general
environment from the entire uranium fuel cycle, per gigawattyear of electrical energy produced by the fuel cycle, shall
contain < 50,000 Ci of krypton-85, < 5 mCi of iodine-129, and
< 0.5 mCi combined of plutonium-239 and other alpha-emitting
transuranic radionuclides with half-lives greater than one
year.
It should be noted that these standards are for the uranium fuel cycle as
defined in 40 CFR Part 190 and specifically omit waste disposal. Therefore,
their applicability to the FUSRAP program is uncertain.
[Proposed] Environmental Protection Standards for Uranium Mill Tailings
(40 CFR Part 192). The standards proposed in this regulation were developed
pursuant to the Uranium Mill Tailings Radiation Control Act of 1978 (Public
Law 95-604). These standards appear in the 1980 report of the U.S. Environmental Protection Agency and are given in Table B.4 and as follows:
Environmental Standards for the Disposal of Residual
Radioactive Materials from Inactive Uranium Processing Sites
(Subpart A). Disposal of residual radioactive materials shall
be conducted in a way that provides a reasonable expectation
that for at least 1000 years following disposal: (a) the
average annual release of radon-222 from a disposal site to the
atmosphere by residual radioactive materials will not exceed
2 pCi/m 2 -s*; (b) substances released from residual radioactive
materials after disposal will not cause (1) the concentration
of that substance in any underground source of drinking water
to exceed the level specified in Part A of Table B.4 or (2) an
increase in the concentration of that substance in any underground source of drinking water, where the concentration of
that substance prior to remedial action exceeds the level
specified in Part A for causes other than residual radioactive
materials (this subsection shall apply to the dissolved portion
of any substance listed in Part A of Table B.4 at any distance
greater than 1.0 km from a disposal site that is part of an
inactive processing site, or greater than 0.1 km if the disposal
site is a depository site); and (c) substances released from
the disposal site after disposal will not cause the concentration of any harmful dissolved substance in any surface waters
to increase above the level that would otherwise prevail.
*The radon emitted from a tailings site after disposal will come from the tailings and from materials covering them. Radon emissions from the covering
materials should be estimated as part of developing a disposal plan for each
site. These plans will be reviewed and concurred with by the U.S. Nuclear
Regulatory Commission prior to disposal. After disposal, the radon emission
standard is satisfied if the emission rate is S 2 pCi/m2-s plus the emission
rate expected from the cover materials.
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Table B.4. Proposed EPA Standards for Uranium
Mill Tailings (40 CFR Part 192)
Contaminant

Concentration
Part A

Arsenic
Barium
Cadmium
Chromium
Lead
Mercury
Molybdenum
Nitrogen (in nitrate)
Selenium
Silver
Combined radium-226 and radium-228
Gross alpha particle activity
(including radium-226; excluding
radon and uranium)
Uranium
Part B
Average annual indoor radon decay
product concentration (including
background)
Indoor gamma radiation (above
background)

0.05 mg/L
1.0 mg/L
0.01 mg/L
0.05 mg/L
0.05 mg/L
0.002 mg/L
0.05 mg/L
10.0 mg/L
0.01 mg/L
0.05 mg/L
5.0 pCi/L
15.0 pCi/L

10.0 pCi/L
0.015 WL

0.02 mR/h

Environmental Standards for Cleanup of Open Lands and Buildings
Contaminated with Residual Radioactive Materials from Inactive Uranium
Processing Sites (Subpart B). Remedial actions shall be conducted
so as to provide reasonable assurance that: (a) the average concentration of radium-226 attributable to residual radioactive material
from any designated processing site in any 5-cm thickness of soils
or other materials on open land within 0.3 m (1 ft) of the surface,
or in any 15-cm thickness below 0.3 m (1 ft), shall not exceed
5 pCi/g; (b) the levels of radioactivity in any occupied or occupiable building shall not exceed either of the values specified in
Part B of Table B.4 because of residual radioactive materials from
any designated processing site; and (c) the cumulative lifetime
radiation dose to any organ of the body of a maximally exposed
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individual resulting from the presence of residual radioactive
materials or by-product materials shall not exceed the maximum dose
that could occur from radium-226 and its decay products under paragraphs (a) and (b) of this section.
It should be noted that during the public hearings a question was raised
as to the reasonableness of these standards. As of this writing, the question
is still being considered.
Marine Protection, Research and Sanctuaries Act, 1972 (40 CFR Part 220).
Part 220 would govern the disposal of FUSRAP wastes into the ocean. Under
these regulations, the need for the proposed dumping must be demonstrated and
there must be no other existing practicable means of disposal, treatment, or
recycle of the material. EPA has announced that it is considering revisions
to its regulations issued under authority of this Act.
Hazardous Waste Management: General (40 CFR Part 260). The authority of
the EPA to promulgate regulations to protect human health and the environment
is provided under the authority of the Resource Conservation and Recovery Act
of 1976, as amended—an act that significantly amended the earlier Solid Waste
Disposal Act. The intent of Part 260 is to consolidate in one part several
provisions that are generally applicable to Parts 261 through 265. Provisions
contained in Part 260 include:
• Rules concerning the designation and handling of confidential information.
• Rules concerning grammatical construction.
• Definitions of key words and phrases.
• Rules concerning EPA procedures to act on petitions for rulemaking and
alternative analytical test methods.
• A "road map" to the hazardous waste regulations providing general guidance
regarding the most important provisions of the regulations.
Hazardous Waste Management System: Identification and Listing of
Hazardous Waste (40 CFR Part 261). Part 261 identifies the criteria for the
characteristics of hazardous wastes as well as provides lists of several
wastes that must be managed as hazardous wastes. Certain portions of Part 2 6 1 —
particularly administrative and procedural portions—are promulgated as final
rules. Other portions—including the lists of hazardous wastes, the criteria
for listing hazardous waste, and the definitions of solid waste and domestic
sewage—are being issued as "interim final" regulations. Public comment on
the interim final regulations is encouraged prior to their being issued by EPA
as final regulations.
According to the criteria, a waste stream is hazardous if it exhibits
certain characteristics, is fatal in low doses to humans or laboratory animals,
contributes to illness, or contains certain listed toxic constituents. Characteristics of hazardous wastes include ignitability, corrosivity, reactivity,
or extraction-procedure toxicity. In Part 261, EPA does not generally classify
hazardous waste according to the degree of the hazard. All wastes that fall
under these criteria are essentially disposed on an equal basis. Special
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procedures are required in other parts, however, depending on chemical characteristics such as compatibility or physical characteristics such as liquidity.
Certain wastes are specifically excluded from consideration as hazardous
wastes. These include domestic sewage, industrial pcint source wastewater
discharges, irrigation return flows, material subject to regulation by NRC,
household wastes, agricultural wastes, ash from burning fossil fuels, drilling
fluids, and materials subject to in-situ mining techniques but not removed
from the ground. In addition, persons generating < 1000 kg of hazardous
wastes per month are exempt from the promulgated requirements.
Standards for Generators of Hazardous Waste (40 CFR Part 262). Part 262
provides requirements for generators of hazardous waste. The regulation
requires that a person determine whether or not he/she generates a hazardous
waste under the requirements of Part 261. If so, and if the generator stores
this hazardous waste onsite for a period greater than 90 days, he/she is then
considered to operate a waste-storage facility that must comply with the
detailed requirements of Parts 122, 264, and 265. If the generator stores the
hazardous waste for less than 90 days and complies with certain other requirements such as containing and labeling wastes, he/she is only subject to requirements as a waste generator.
The heart of Part 262 is the hazardous waste manifest system. This
system is meant to tract the generation, transport, and disposal of hazardous
waste "from cradle to grave," and therefore greatly reduce such improper waste
disposal practices as midnight dumping. Under the regulation, generators are
n quired to identify themselves and to describe the waste (type, weight, and
volume) on the manifest, which must accompany the waste shipment to the disposal
facility. The disposal facility to which the wastes will be sent must be
indicated on the manifest, as well as at least one alternative facility. A
certification requirement is also included. Other requirements in the regulation include requirements for packaging, labeling, marking, and placarding in
compliance with DOT requirements in 49 CFR Parts 172, 173, 178, and 179.
Also of interest are the recordkeeping and reporting requirements. After
receiving and disposing of a waste shipment, an operator of a waste-disposal
facility must sign the accompanying manifest document and return a copy of it
to the waste generator. If the waste generator does not receive the returned
manifest document within 35 days after the waste has been shipped, he/she must
locate the waste shipment. Failing to locate the waste shipment, the waste
generator must submit an exception report to EPA.
Other requirements on the waste generator include those for recordkeeping
and for annual reporting to EPA.
Standards for Transporters of Hazardous Waste (40 CFR Part 263). Part 263
gives standards for the transporters of hazardous waste. Under the regulation,
a transporter must not transport hazardous waste material without applying for
and receiving an identification number from EPA. The transporter may not
accept a hazardous waste shipment from a generator without it being accompanied
by a manifest. The transporter must then ensure that the manifest accompanies
the hazardous waste and deliver the manifest to the disposal facility along
with the waste shipment. Less restrictive requirements apply to the bulk
shipments of waste transported by rail or water. Also included in the regulation

B-24
are recordkeeping requirements as well as requirements on the transporters to
undertake immediate cleanup actions on any waste spills during transport.
Standards for Owners and Operators of Hazardous Waste Treatment, Storage,
and Disposal Facilities (10 CFR Part 264) and Interim Status Standards for
Owners and Operators of Hazardous Waste Treatment, Storage, and Disposal
Facilities (40 CFR Part 26~5j! Parts 264 and 265 are very closely related and
were promulgated by EPA in recognition of the many hundreds of hazardous waste
treatment, storage, and disposal facilities. The Part 265 regulations are
less restrictive (abbreviated) than the Part 264 regulations that will eventually apply to those owners/opera\.ors qualifying for "interim" status under
the regulations. To qualify for interim status, an owner/operator must:
1. Have been treating, storing, or disposing of hazardous waste
prior to October 21, 1976, or have had a hazardous waste
facility under construction before that date.
2. Notify EPA in compliance with requirements promulgated pursuant
to Section 3010 of the Solid Waste Disposal Act.
3. Apply for a permit pursuant to 40 CFR 122.
Assuming that an owner/operator complies with these requirements, he/she
may then operate under Part 265 while EPA evaluates the permit. EPA expects
that, due to the large number of applicants, several years may elapse prior to
their issuing a permit to some owner/operators that have been awarded interim
status. When a permit is eventually issued to such a facility, the permit
will be issued based on the Part 264 requirements.
New facilities must comply with the more restrictive Part 264 requirements.
Part 264 regulations currently cover only administrative and procedural matters.
Existing facilities that do not qualify for interim status under the above
rules must stop operations at the storage/treatment/disposal facility pending
issuance of a permit under the Part 264 requirements.
Proposed Guidance on Dose Limits for Persons Exposed to Transuranic
Elements in the General Environment! These guidelines were proposed to establish maximum dose rates for persons in the general population who might receive
radiation exposure to transuranic elements in the environment (U.S. Environ.
Prot. Agency 1977). These guidelines are as follows:
1. The annual alpha-radiation dose rate to members of the critical
segment of the exposed population as the result of exposure to
transuranic elements in the general environment should not
exceed either: (a) 1 mrad to the pulmonary lung, or (b) 3 mrad
to the bone.
2.

For newly contaminated areas, control measures should be taken
to minimize both residual concentrations and radiation exposures
of the general population. The control measures are expected
to result, in concentrations well below those specified in paragraph 1. Compliance with the guidance recommendations should
be achieved within a reasonable period of time.
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3. The recommendations are to be used only for guidance on possible
remedial actions for the protection of the public health in
instances of currently existing contamination or of possible
future unplanned releases of transuranic elements. They are
not to be used by federal agencies as limits for planned
releases of transuranic elements into the general environment.
The "critical segment of the exposed population" is defined as that group
of persons within the exposed population receiving the highest radiation dose
to the pulmonary region of the lung or to the bone.
Should FUSRAP activities result in pollutants entering surface water
bodies, the following regulations would be relevant: Designation of Hazardous
Materials (40 CFR Part 116); Determination of Reportable Quantities for Hazardous Substances (40 CFR Part 117); Water Quality Standards (40 CFR Part 120);
and State Certification of Activities Requiring a Federal License or Permit
(40 CFR Part 121). In the case of 40 CFR Part 121, a National Pollutant
Discharge Elimination System (NPDES) effluent discharge permit for waste not
covered by the Atomic Energy Act would be necessary.
In addition to the regulations governing the management and disposal of
hazardous wastes, EPA has promulgated regulations regarding the managemert and
disposal of nonradioactive solid wastes. Solid wastes are defined by EPA as:
any garbage, refuse, or sludge from a waste treatment plant, water supply
treatment plant, or an air pollution control facility or other discarded
material resulting from industrial commercial mining, and agricultural operations, and from community activities. Regulations promulgated to date by EPA
for the management and disposal of solid waste include:
• Guidelines for the thermal processing of solid wastes
(40 CFR Part 240).
• Guidelines for the land disposal of solid wastes (40 CFR Part 241).
• Guidelines for the storage and collection of residential,
commercial, and institutional solid waste (40 CFR Part 243).
• Solid waste management guidelines for beverage containers
(40 CFR Part 244).
• Promulgation resource recovery facilities guidelines (40 CFR
Part 245).
• Source separation for materials recovery guidelines (40 CFR
Part 246).
• Guidelines for procurement of products that contain recycled
material (40 CFR Part 247).
• Public participation in solid waste management (40 CFR Part 249).
• Public notice of citizen suits (40 CFR Part 254).
• Identification of regions and agencies for solid waste management
(40 CFR Part 255).
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• Guidelines for development and implementation of state solid
waste management plans (40 CFR Part 256).
• Criteria for classification of solid waste disposal facilities
and practices (40 CFR Part 257).
Of special interest for the disposal of FUSRAP wastes are the regulations
40 CFR Part 241 and 40 CFR Part 257. It should be noted that the regulations
given in these two parts do not have direct applicability to low-level radioactive wastes. They are cited for completeness only.
Protection of surface water from the disposal of nonradioactive solid
waste is carried out under the auspices of Sections 402, 404, and 208 of the
Clean Water Act (CWA), as amended. Discharge of pollutants into the waters of
the United States must conform to the requirements of the National Pollutant
Discharge Elimination System (NPDES; Section 402 of the CWA). Discharge of
dredged material or fill material must conform to the requirements of Section 404 of the CWA. Nonpoint source pollution of the waters of the United
States must conform to an area-wide or state plan approved by the EPA Administrator (Section 208 of the CWA). Protection of groundwater is primarily
based upon application of the National Primary Drinking Water regulations,
40 CFR Part 141.
EPA is also considering expanding the list of maximum contaminant levels
used in regulating disposal sites to include those levels published in the
National Secondary Drinking Water Regulations (40 CFR Part 143). A notice
announcing the proposed amendment to 40 CFR Part 257 was issued by EPA in
September 1979 (U.S. Environ. Prot. Agency 1979b). The proposed amendment
would add maximum permissible levels for 11 contaminants—i.e., chloride,
color, copper, foaming agents, iron, manganese, odor, pH, sulfate, total
dissolved solids, and zinc. These additions are intended to protect groundwater from discoloration, odor, and taste-causing contaminants.
B.I.2.3

U.S. Department of Energy

The Energy Reorganization Act of 1974 (Public Law 93-438) abolished the
U.S. Atomic Energy Commission and transferred its programmatic responsibilities
to the U.S. Energy Research and Development Administration (ERDA). The functions of ERDA were, in turn, transferred to the U.S. Department of Energy
(DOE) by the Department of Energy Organization Act of 1977. In many instances,
DOE is self-regulating in that it is responsible for the radiological health
and safety and environmental protection at DOE or DOE-owned and -operated
facilities. The following paragraphs review some of these standards and
guidelines, specific legislation, and recommended soil material contamination
levels that may impact the cleanup of FUSRAP sites. It should be noted,
however, that EPA is mandated to establish the standards for a related program,
the Uranium Mill Tailings Remedial Action Program.
Requirement for Radiation Protection (DOE Order 5480.1, Chapter XI).
Chapter XI establishes radiation protection standards and requirements for DOE
and DOE contractor operations. These standards are based on recommendations
of EPA and NCRP. The DOE radiation dose standards are summarized in Table B.5.
In accordance with the ALARA philosophy, all radiation doses are required to
be kept as far below the limits as reasonably achievable.
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Table B.5. DOE Radiation Protection Standards
Type of Exposure
Individuals in Controlled Areas
Whole body, head and trunk,2
gonads, lens of the eyef ,
red bone marrow, active
blood-forming organs
Unlimited areas of the skin
(except hands and forearms);
other organs, tissues, and
organ systems (except bone)
Bone
Forearmst4
Handst4 and feet

Exposure Period

Dose (rem)t1

Year
Calendar quarter

5t 3
3

Year
Calendar quarter

15
5

Year
Calendar quarter
Year
Calendar quarter
Year
Calendar quarter

30
10
30
10
75
25

Annual Dose (rem)t5

Type of Exposure

Dose to
Individuals at
Points of
Maximum Probable
Exposure

Individuals and Population Groups in Uncontrolled Areas
Whole body, gonads, or
bone marrow
0.5
Other organs
1.5
t1

t2
t3
t4
t5

Average Dose to a
Suitable Sample
of the Exposed
Population

0.17
0.5

To meet the standards, operations must be conducted in such a manner that
it would be unlikely that an individual would as&imilate in a critical
organ—by inhalation, ingestion, or absorption—a quantity of a radionuclide(s) that would commit the individual to an organ dose that exceeds
the limits specified in this table.
A beta exposure below a maximum energy of 700 keV will not penetrate
the lens of the eye; therefore, the applicable limit for these energies
would be that for the skin (15 rem/yr).
In special cases and with the appropriate approvals, a worker may exceed
5 rem/yr provided his/her average exposure per year since age 18 will not
exceed 5 rem/yr. This does not apply to emergency situations.
All reasonable effort shall be made to keep exposures of forearms and
hands to the general limit for the skin.
In keeping with DOE policy, exposures to the public shall be limited to
as small a fraction of the respective annual dose limits as is reasonably
achievable.
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An individual under the age of 18 is not allowed to enter controlled
areas in such a manner that he or she would receive a dose that exceeds onetenth the occupational dose standards given in Table B.5. Additionally,
students under the age of 18 are not to receive an annual radiation dose
during educational activities in excess of 0.1 rem. This exposure shall be
considered a part of the annual dose limit of 0.5 rem to workers under 18 and
not supplemental to it.
Current-year, whole-body internal doses from radionuclides for which the
whole body is the critical organ must be combined with the external whole-body
dose. Where both the external and internal doses to the critical organ are
known, they are to be combined for that organ.
Radiation doses received in emergency or accidental situations are chargeable to the radiation exposure records of the exposed individual. The decision
on whether an individual exposed to radiation in excess of the occupational
dose standards should continue to work in a radiation area is to be made on a
case-by-case basis.
Monitoring is required when the potential exists for an individual to
receive a dose in any calendar quarter in excess of 10% of the quarterly
standards given in Table B.5. Personnel monitoring equipment for external
radiation and periodic bioassay analysis or in vivo counting or evaluation of
air concentrations to which the individual is exposed shall be provided. The
total dose commitment to various organs can then be determined to confirm
compliance with the standards given in Table B.5.
Chapter XI also includes limits for the concentrations of various radionuclides in air and water for both controlled and uncontrolled areas. The
controlled area concentrations apply to the occupational work force and the
uncontrolled area concentrations to the general population. Dosimetry requirements and guidance for emergency exposure during rescue and recovery operations are also given.
Grand Junction Remedial Action Criteria (10 CFR Part 712). Public Law 92314 was enacted in 1972 as a response to the public health hazard that was
created by the indiscriminate use of uranium mill tailings as a construction
material in Grand Junction, Colorado. Part 712 establishes graded action
levels for remedial action in terms of external gamma radiation and indoor
radon decay product concentrations, above background, found within dwellings
constructed on or with tailings. Although specifically for the Grand Junction
cleanup program, it may be assumed that their applicability could include
guidance for FUSRAP actions. These criteria are presented in Table B.6.
Department of Energy National Security and Military Applications of
Nuclear Energy Authorization Act of 1981 (Public Law 96-540).
Under Section 213 of this Act—The Uranium Mills Tailings Plan—DOE is required to
develop a cooperative program to assist in the stabilization and management of
uranium mill tailings resulting from defense programs. The plan, which will
include methodology to ensure that the reclaimed tailings comply with regulations, was to be submitted to the Armed Services Committees of the Congress no
later than October 1, 1981.
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Table B.6. Grand Junction Remedial Action Criteria
Radon
Decay Product
Concentration
(WL)

Recommendation

>0.1

>0.05

Remedial action indicated

0.05-0.1

0.01-0.05

<0.05

<0.01

External Gamma
Radiation
(mR/h)

Remedial action may be
suggested
No remedial action indicated

Low Level Radioactive Waste Policy Act of 1980 (Public Law 96-573). This
Act assigns the states responsibility for disposal of commercial low-level
radioactive waste (LLW) generated within their boundaries or within the region
where multistate compacts are in effect. DOE is required to provide a report
that (a) defines the regional disposal capacity required for current and
future LLW, (b) describes the status of all commercial LLW disposal sites,
(c) evaluates the regional waste transportation requirements, and (d) evaluates
the capability of DOE disposal facilities to provide interim storage for the
commercial LLW.
Proposed Residual Soil Material Contamination Standards for New Mexico.
Residual soil material contamination standards have been proposed for cleanup
of radioactively contaminated sites in New Mexico (Keller 1981b, 1981c).
These standards were principally the result of work described by Healy (1977),
Healy and Rodgers (1978), and Healy et al. (1979). The methodology used was
to consider the various pathways by which radioactivity in contaminated soil
material might reach man. Using an annual dose limit of 0.5 rem and various
pathway models, calculations were performed to determine the limiting concentration of a particular radionuclide in the soil material. It should be
emphasized that these limits, presented in Table B.7, are considered to be
preliminary. It should also be noted that when compared to the Type A waste
described3 in 10 CFR Part 61, these concentrations (assuming a density of
1.6 g/cm for soil material) are quite low. For example, in the case of
cesium-137, Healy1s proposed limit is almost four orders of magnitude lower
than that in 10 CFR Part 61. Because Part 61 is also based on an annual dose
limit of 0.5 rem, a thorough comparison of the models, assumptions, and
methodologies is in order. One obvious difference is that Part 61 applies to
buried waste whereas Healy analyzed contaminated soil material that had been
returned to unrestricted use.
B.I.2.4 U.S. Department of Transportation
Whether the wastes from a decontaminated FUSRAP site are moved to an
interim-storage site or to a disposal site, the U.S. Department of Transportation (DOT) may be among the cognizant regulatory bodies, depending upon
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Table B.7. Recommended Remedial Action Criteria for
FUSRAP Sites in New Mexico and Comparison to
10 CFR Part 61 Type A Waste Limits

Recommended
Soil Limits
(pCiVg)t1

Radionuclide
Strontium-90
Cesium-137
Thorium-228
Thorium-230
Thorium-232
Uranium-234
Uranium-238

100
80
50
280
20
40
40

Plutonium-239
3

Plutonium-241t
Americium-241t4
t1
f2
t3
t4

10 CFR Part 61
Type A Waste
Limits
(pCi/g)t2
2.5 x io 4
6.3 x 10 s

3.1 x 10 4
(natural uranium)

100
800
200

3.5 x 10 s
1.0 x 10 4

Data from Keller (1981b, 1981c).
A density of 1.6 g/cm3 was assumed for soil material.
Type C beta emitter decaying to americium-241.
Type C alpha-emitting transuranic isotopes.

the level of contamination of FUSRAP wastes being transported. In accordance
with a memorandum of understanding between NRC and DOT, DOT has responsibility
for developing standards for the following:
•
•
•
•
•
•
•
•

Classification of materials
External radiation fields
Labeling and marking of packages and vehicles
Carrier equipment
Carrier personnel qualifications
Loading, handling, and storage procedures
Nonsafeguards-related special transport control
All other safety standards not developed by NRC

The DOT regulations for transportation and packaging criteria are outlined in
49 CFR Parts 171 through 179 and 397. A brief overview of these regulations
is given below.
General Information, Regulations, and Definitions (49 CFR Part 171). In
Part 171, the general regulations pertinent to transport of hazardous materials
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and waste are given. Hazardous materials are defined as substances determined
to be capable of posing an unreasonable risk to health, safety, and property
when transported in commerce. Certain FUSRAP wastes may be classified as
being hazardous. Transport of such wastes would be subject to the regulations
given in Part 171.
Hazardous Materials Tables and Hazardous Materials Communications Regulations (49 CFR Part 172). Part 172 lists and classifies those materials that
DOT has designated as hazardous materials for purposes of transportation and
prescribes the requirements for shipping papers, package marking, labeling,
and transport-vehicle placarding applicable to the shipment and transportation
of those hazardous materials. Certain radioactive materials are included in
this classification.
Shippers - General Requirements for Shipments and Packaging (49 CFR
Part 173). Part 173 defines hazardous materials for transportation purposes
and prescribes certain requirements to be observed in preparing them for
shipment by air, highway, rail, water, or any combination thereof. Section 173.389(e) defines radioactive material, for purposes of transportation,
as any material with a concentration of radioactivity in excess of 2000 pCi/g.
Most FUSRAP wastes would not exceed this limit and are therefore exempt from
DOT regulations pertaining to transportation of radioactive material. Those
wastes that do exceed this limit would be transported in accordance with these
regulations.
Providing for adequate control of radiation is the primary requirement
that must be met when transporting radioactive material. Radiation control
limits are met by providing the necessary shielding to reduce external radiation levels to within the allowable limits. FUSRAP wastes that are transported as radioactive wastes would be shipped in vehicles consigned for
exclusive use; the following dose limits specified in 49 CFR Section 173.393
would apply:
• 1000 mrem/h at 1 m (3 ft) from the external surface of the
package (closed transport vehicle only).
• 200 mrem/h at any point on the external surface of the car or
vehicle (closed transport vehicle only).
• 10 mrem/h
projected
or if the
any point
the outer

at any point 2 m (6 ft) from the vertical planes
by the outer lateral surfaces of the car or vehicle;
load is transported in an open transport vehicle, at
2 m (6 ft) from the vertical planes projected from
edges of the vehicle.

• 2 mrem/h in any normally occupied position in the car or vehicle,
except that this provision does not apply to private motor
carriers.
Regulations pertinent to transport of other hazardous materials (e.g.,
explosives, combustible substances, oxidizers, corrosive materials, poisons)
are also given in Part 173. If any FUSRAP wastes are classified as hazardous
in these categories, they would be transported in accordance with these
regulations.
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Carriage by Rail (49 CFR Part 174). Part 174 prescribes specific requirement to be observed with respect to the transportation of hazardous materials
in or on rail cars. Handling requirements for radioactive materials are
included. If radioactive FUSRAP wastes [as defined in 49 CFR Part 173.389(e)]
are shipped by rail, the requirements given in Part 174 would be observed.
Carriage by Aircraft (49 CFR Part 175). Part 175 prescribes requirements
applicable to transport of hazardous materials by aircraft. It is doubtful if
any FUSRAP waste will be transported by this means.
Carriage by Vessel (49 CFR Part 176). Part 175 prescribes requirements
to be observed with respect to the transportation of hazardous materials by
vessel (e.g., barge). If the ocean disposal option is utilized for FUSRAP
wastes, it may be necessary to comply with these regulations, depending upon
the nature and level of contamination in the wastes.
Carriage by Public Highway (49 CFR Part 177). Part 177 prescribes rules
and regulations pertinent to transport of hazardous materials by public highway.
Specific regulations are given in this part for radioactive materials. Included
are requirements for reporting transportation incidents, marking and placarding,
and shipping papers. These regulations would be complied with for truck
transport of FUSRAP wastes if these wastes are classified as hazardous.
Shipping Container Specifications (49 CFR Part 178). Part 178 prescribes
the manufacturing and testing requirements for packages and containers used
for the transportation of hazardous materials in commerce. If any FUSRAP
wastes are classified as hazardous and require packaging, the packages utilized
would be accordance with these requirements.
Specifications for Tank Cars (49 CFR Part 179). Part 179 prescribes the
specifications for tanks that are mounted on or form part of a tank car and
are used for the transportation of hazardous materials in commerce. Since
FUSRAP wastes would not likely be transported by tank car, these specifications
have no direct applicability to FUSRAP.
Transportation of Hazardous Materials; Driving and Parking Rules (49 CFR
Part 397). Part 397 prescribes rules related to the transport of hazardous
material in marked or placarded vehicles. Of specific interest are the routing
requirements, which have recently been updated.
These updated regulations (U.S. Dep. Transp. 1981) apply only to placarded truck shipments and require that shipments be made on preferred highways,
which are defined as interstate highways not specifically disapproved by
states and state and local highways designated by the states. The only
deviations from preferred highway routes are for emergencies, necessary stops,
and for routes that are the only existing ones between a given origin and
destination. In accordance with these regulations, truck shipments of FUSRAP
wastes that are classified as hazardous materials would be routed as quickly
as possible to a preferred highway selected by affected states or to an interstate highway not specifically disapproved. The Department of Transportation
has no similar routing regulations proposed for rail shipments.
In addition to regulations promulgated by federal agencies with regard
to transportation of radioactive and other hazardous materials, it should be
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noted that various states and local governments have adopted rules prohibiting
or restricting the transport of radioactive and other hazardous materials
through areas under their jurisdiction. The impact that these state and local
government rules will have on this program relative to transport of radioactive
materials is currently not known.
8.1.2.5 National Council On Radiation Protection and Measurements
The National Council on Radiation Protection jod Measurements (NCRP) is
composed of a group of technical experts who are specialists in radiation
protection. The concern of NCRP is only with the scientific and technical
aspects of radiation protection and not with political, military, economic, or
social considerations. Although it is not an official body, many of its
recommendations are adopted by federal, state, and local government agencies.
The basic radiation protection guidelines adopted by NCRP may be found in
its Report No. 39 (Natl. Counc. Radiat. Prot. Measure. 1971). This contains
numerical recommendations on maximum permissible levels of radiation doses for
workers, individual members of the general population, and aggregates of
populations. Recommendations are also made regarding radiation exposures for
emergencies, including life-saving situations. A summary of these recommendations is presented in Table B.8.
In a more recent report (Natl. Counc. Radiat. Prot. Measure 1975), NCRP
addressed the adequacy of these standards. This document is essentially a
position paper written in response to issues raised in reports published by
the United Nations Scientific Committee on the Effects of Atomic Radiation
(1972) and the National Academy of Sciences Advisory Committee on the Biological
Effects of Ionizing Radiation (Natl. Acad. Sci. 1972). These reports treated
the estimation of risks arising from exposure to ionizing radiation and essentially reached the same numerical results from radiation levels at which
observations are available. However, there were differences in philosophy and
divergent conclusions regarding the estimation of risk associated with low-level
radiation. Based upon its analysis of the two reports and upon review of work
available since its Report No. 39 was published, the Council concluded that no
change is currently required in the conclusions set out in Report No. 39.
B.I.2.6 International Commission on Radiological Protection
The International Commission on Radiological Protection (ICRP) is a body
which reviews and analyzes potential health effects of ionizing radiation and
publishes international recommendations for protection from ionizing radiation.
The ICRP, established in 1928 by the Second International Congress of Radiology,
was principally concerned with the safety aspects of medical radiology until
the 1950s. In the 1960s, a new philosophy was adopted: "The policy adopted
by the Commission in preparing recommendations is to deal with the basic
principles of radiation protection and to leave the various national protection committees the responsibility of introducing the detailed technical
regulations, recommendations, or codes of practices best suited to the needs
of their individual countries" (Int. Comm. Radio!. Prot. 1964).
The ICRP's most recent set of recommendations regarding radiation protection was issued in its Report No. 26 (Int. Comm. Radiol. Prot. 1977). In
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Table B.8. NCRP Dose-Limiting Recommendations
Maximum Permissible Dose for Occupational Exposure
Combined whole body occupational exposure:
Prospective annual limit
5 rem/yr
Reprospective annual limit
10-15 rem/yr
Long term accumulation to age N years
(N - 18) x 5 rem
Skin
15 rem/yr
Hands
75 rem/yr (25/qtr)
Forearms
30 rem/yr (10/qtr)
Other organs, tissues, and organ systems
15 rem/yr (5/qtr)
Fertile women (with respect to fetus)
0.5 rem in gestation period
Dose Limits for the Public or Occasionally Exposed Individuals
Individual or occasional
0.5 rem/yr
Students
0.1 rem/yr
Population Dose Limits
Genetic
Somatic
Emergency Dose Limits - Life Saving
Individual (older than 45 years if possible)
Hands and forearms

0.17 rem/yr
0.17 rem/yr
100 rem
200 rem, additional
(300 rem, total);

Emergency Dose Limits - Less Urgent
Individual
Hands and forearms

25 rem
100 rem, total

Family of Radioactive Patients
Individual (under age 45)
Individual (over age 45)

0.5 rem/yr
5 rem/yr
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this report, ICRP recommends a system of dose limitation, based upon the
following criteria:
• No practice shall be adopted unless its introduction produces a
positive net benefit.
• All exposures shall be kept as low as reasonably achievable,
economic and social factors taken into account.
• The dose shall not exceed the limits recommended for the appropriate circumstances by the Commission.
Based on these criteria, the Commission analyzes and makes recommendations
on numerical dose limits for workers, for individual members of the population
and, inuirectly, for exposure of whole populations.
In its Report No. 26, the Commission retains the principal of accounting
for the fact that different organs have different susceptibilities to radiation
damage. However, rather than providing a list of maximum dose limits for
individual organs, ICRP proposed a system whereby different organs would be
assigned different weighting factors. Doses to each organ would be multiplied
by the appropriate weighting factors and summed to obtain the equivalent
v;hole-body dose. The recommended annual occupational whole-body dose limit is
5 rem. The recommended annual whole-body dose limit for individual members of
the general population is 0.5 rem. The weighting factors for the respective
organs are:
Gonads
Breast
Red bone marrow
Lung
Thyroid
Bone surface
Remainder

0.25
0.15
0.12
0.12
0.03
0.03
0.30

Thus, if only the breast were exposed, for example, an acceptable annual
occupational exposure to the breast of a radiation worker would be 5 rem -f 0.15
= 33.3 rem. The Commission also recommends a weighting factor of 0.06 for
each of the five organs or tissues receiving the highest doses in addition to
those specified above. This accounts for a weighting factor of 0.30 for the
item listed as "remainder" in the above list. The exposure of all other
remaining tissues other than those listed above can be ignored.
B.I.2.7 Other Organizations
Two additional organizations of note are the former Federal Radiation
Council (FRC) and the American National Standards Institute.
The Federal Radiation Council was formed in 1959 as a federal policymaking group on health aspects due to exposure to ionizing radiation. In
discharging its duties, the FRC consulted such qualified organizations as the
ICRP, NCRP, and National Academy of Sciences. FRC's basic recommendations for
radiation exposure are contained in its Report No. 1 issued in 1960 (Fed.
Radiat. Counc. 1960). In these recommendations, FRC essentially adopted the
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NCRP recommendation that the annual dose to the whole body of the maximally
exposed individual in the population should have a limit of 0.5 rem.
The FRC also considered population doses and a factor of three was recommended to allow for variations in radiation susceptibility of different groups
in the general population to radiation effects (e.g., the susceptibility of
different age groups, sexes, and genetic backgrounds). Thus, FRC recommended
an average annual population exposure limit of 170 mrem (whole body), with a
strong caveat that the limit be used with reason and judgment. The annual
limit of 170 mrem from somatic considerations coincided with the FRC's recommended average dose limit to the gonads of the population of 5 rem over
30 years. In its report No. 5 (Fed. Radiat. Counc. 1964), FRC applied the
recommended annual limit of 170 mrem to the "critical segment" of the population receiving the highest dose from a given event resulting in environmental
contamination.
The functions of the FRC were later transferred to the EPA by the Reorganization Plan Number Three of 1970.
The American National Standards Institute has proposed a draft standard
on acceptable surface contamination limits for release of materials, equipment,
and facilities for unrestricted use (Draft Standard N13.12). The surface
contamination levels in this standard are similar to those of the NRC which
were mentioned previously. Since this organization only provides recommendations and these standards have not been finalized, it has little direct applicability to FUSRAP.
B.I.2.8 Summary of Radiological Dose Limits
Radiological dose limits for occupational exposures showing the comparative NRC, DOE, NCRP, and ICRP limits for the whole body and various organs are
presented in Table B.9. The EPA provides criteria relative to the general
environment and does not specifically make recommendations on occupational
dose limits. Radiological dose limits for the general population for these
five agencies are presented in Table B.10.
B.2 MEASUREMENT CAPABILITIES
The contamination at the majority of FUSRAP sites consists of uranium and
thorium, and their decay products. The observable level of radiation at many
of these sites is relatively low compared to background. The problem then
becomes one of long-term monitoring and determination of potential doses to
determine conformance with radiation-protection standards. This section
briefly reviews currently available instrumentation to perform this function.
Three pathways must be monitored: direct gamma, airborne particulates, and
radon-222 gas. It is necessary to review the capability to perform measurements because standards that cannot be verified are useless.
One of the more commonly used gamma-ray monitoring devices is the thermoluminescent dosimeter (TLD). Basically, energy absorbed from gamma rays
raises certain atoms in the material to an excited state. These remain in
this state until the material is heated (annealed) at which point the atoms
return to their normal state with the emission of light. The Tight is detected
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Table 6.9.

Summary of Radiological Oose Limits for Occupational Exposure!1

NRC (10 CFR Part 20)

DOE (Order 5480.1, Chapter XI)

Whole body;
head and trunk;
active bloodforming organs;
lens of eyes;
gonads

1.25 rem/qtr
(3 rem/qtr up
to 5 rem/yr)

Whole body;
head and trunk;
lens of eyes;
red bone marrow;
active blood-forming
organs

hands and
forearms;
feet and
ankles

18.75 rem/qtr

Hands and feet

Skin of whole
body

7.5 rem/qtr

Unlimited areas
of the skin
(except hands
and forearms);
other organs,
tfssues and organ
systems (except
bone)

5 rem/yr
(3 rem/qtr
up to annual
limit)

75 rem/yr
(25 rem/qtr
up to annual
limit)
15 rem/yr
(5 res/qtr
up to annual
limit)

NCRP (Report No. 39)
Whole body

1CRP (Report No. 26)

5 rem/yr

Hands

Whole bodyt2

5 rea/yi

75 rem/yr
(25 rem/qtr
up to annual
limit)

Skin

15 rem/yr

Forearms

30 rem/yr
(10 rem/qtr
up to annual
limit)

Forearms

30 rem/yr
(10 rem/qtr
up to annual
limit)

Hands and
feet

75 rem/yr
(25 rem/qtr
up to annual
limit)

Other organs,
tissues, and
organ systems

15 rem/yr
(5 rem/qtr
up to annual
limit)

Fertile women
(with respect
to fetus)

0.5 rem in
gestation
period

T1

This table summarizes the major components of the radiological dose limits for these four agencies. Additional details are
given in this appendix and in the references cited below.
T ICRP has recommended a series of weighting factors to convert organ-specific doses to the equivalent whole-body dose.
Sources: NRC - U.S. Nuclear Regulatory Commission (1981c).
DOE - U.S. Department of Energy (1981).
NCRP - National Council on Radiation Protection and Measurements (1971).
ICRP - International Commission on Radiological Protection (ir"7).
2

Table B.10. Summary of Radiological Dose Limits for Nonoccupationai Exposure!1

NRC (10 CFR Part 20)
Whole body

0.5 rem/yr

NCRP (Report No. 39)
Individual
Whole body
t1

0.5 rem/yr
(0.1 rem/yr
for students)

DOE (Order 5480.1. Chapter XI)
Individual
Population

EPA (Proposed 40 CFR 190t2)
Whole body

25 mrem/yr

0.17 rem/yr

75 mrem/yr

Whole body;
gonaus;
bone marrow

0.5 rem/yr

Thyroid
Any other organ

25 rarem/yr

Other organs

1.5 rem/yr

0.5 rem/yr

Population
0.17 rem/yr

ICRP (Report No. 26)
Whole bodyt3

0.5 rem/yr

This table summarizes the major components of the radiological dose limits for these five agencies. Additional details
are given in this appendix and in the references cited below.
t 2 Specifically for uranium fuel cycle; applicability to FUSRAP not known at this tinr.
t 3 ICRP has recommended a series of weighting factors to convert organ-specific doses to the equivalent whole-body dose.
Sources: NRC - U.S. Nuclear Regulatory Commission (1981c).
EPA - U.S. Environmental Protection Agency (1981).
DOE - U.S. Department of Energy (1981).
NCRP - National Council on Radiation Protection and Measurements (1971).
ICRP - International Commission on Radiological Protection (1977).
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with a photomultiplier--the amount of light being proportional to the quantity
of radiation absorbed. An advantage of these detectors is their ability to
provide low-level environmental measurements. Depending on the TLD material,
exposures in the microRoentgen range are possible (Natl. Counc. Radiat. Prot.
Measure. 1976). A disadvantage is the potential for fading with time. Also,
accuracy is highly dependent on the readout system used.
Fugitive dust from FUSRAP sites represents a potential pathway of exposure
through inhalation. Conformance with fugitive dust standards is verified most
reliably by particulate air sampling. The wide range of sampler designs,
however, precludes all but the most generic discussion of this instrumentation.
Generally, the basic components of a particulate sampler are a collector,
an air flow meter, a valve to adjust the flow rate, and an air mover (Breslin
1976). The collector is usually a filter—either glass or cellulose fiber,
mixed fiber, plastic fiber, or a membrane type. Ideally, 100% of the respirable
dust fraction is collected for further radiochemical or instrumental analysis.
Methods of sample analysis may be found in Harley (1972) and elsewhere. From
a regulatory compliance standpoint, the sensitivity of these analyses is the
overriding consideration. As a rule of thumb, the analysis should be such
that one-tenth of the maximum permissible concentration is measurable. This
means tlrt the 10% value may be considered the lower limit of detection (LLD).
The LLD often is defined as the smallest concentration of radioactive material
sampled that has a 95% probability of being detected, with only a 5% probability
that a blank sample will yield a response interpreted to mean that radioactive
material is present (U.S. Nucl. Reg. Comm. 1980d). Because the LLD is a
function of sample volume, counting efficiency, and radiochemical yield, it
will vary for different sampling and analysis procedures. Methods for calculating the LLD of a system may be found in Harley (1972) or Regulatory
Guide 4.14 (U.S. Nucl. Reg. Comm. 1980d).
Other radionuclides of concern include radon-222 and its decay products.
The proposed remedial-action criteria reviewed in the previous section for
these nuclides were twofold: (1) a limit on the radon-222 flux of 2 pCi/m2-s
and (2) a limit on the concentration of radon-222 decay products of 0.015 WL.
Measurements to ensure compliance with these limits have prompted the
development of new and more sensitive detection equipment and techniques.
Some of these detectors and techniques will be briefly reviewed herein.
Further information can be found in a comprehensive review paper by Breslin
(1977).
The first of the techniques is commonly referred to as the charcoal
canister method and has been used to measure radon-222 fluxes in a variety of
environments. Basically, a modified gas-mask canister or other container of
activated charcoal is placed in contact with the ground. After an exposure
period of several hours or days, depending on the anticipated flux, the container is retiioved. The charcoal is placed near a Nal crystal and the gamma
rays from the decay of the bismuth-214 daughter are detected and counted
(Countess 1977). The radon-222 flux is proportional to the observed gamma-ray
intensity. A quoted sensitivity of 3 x io- 2 pCi/m2-s is achievable with this
system (Breslin 1977). The main advantage from the standpoint of FUSRAP is
the ability to deploy many canisters over a wide area. It should be noted

B-39
that this system has been used successfully by a number of investigators; an
example of which is a study of Florida's reclaimed phosphate lands (Roessler
et al. 1978).
Compliance with the second criteria requires the use of a working-level
monitor. As with the radon-222 flux, current interest has resulted in a
number of new devices for measuring working levels. Some of these are presented in the review paper of Breslin (1977) and a paper by Budnitz (1974).
For the most part, the monitors consist of filters that collect airborne decay
products which are then measured. New commercially available devices exhibit
senstivities of 0.0001 WL (EDA Instru. Inc. 1981).
Thus, it can be seen that instrumentation is available to monitor at the
limits discussed in Section B.I.2.
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APPENDIX C. GLOSSARY
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ABSORBED DOSE—The amount of energy absorbed in any material from incident
radiation. Measured in rads, where 1 rati equals 100 ergs of energy
absorbed in one gram of matter.
ACTIVITY--See RADIOACTIVITY
ALARA—Acronym for "As Low As Reasonably Achievable." This refers to the goal
of keeping releases of radioactive substances to the environment and
exposures of people to radiation as far below regulatory limits as
"reasonably achievable." What specifically is "reasonably achievable" is
determined on a case-by-case basis and involves balancing of the benefits
of reducing releases or exposure with economic costs.
ALPHA RADIATION (ALPHA PARTICLE)—The least penetrating of the various forms
of ionizing radiation; it can be stopped by a sheet of paper. Although
alpha particles are unable to penetrate human skin, they may enter the
body through open wounds, or by inhalation or ingestion. Alpha particles
cause highly localized damage. For example, if an alpha emitter is
inhaled, lung tissue would absorb all of the radiation energy. An alpha
particle is identical to a helium nucleus (mass number of 4 and an electric
charge of +2).
AQUIFER—A stratum of the earth that contains and conducts water. Confined
aquifers are bounded on top and bottom by impermeable materials. Unconfined aquifers are bounded on top by a water table.
AREA SOURCE—Source of pollution dispersed over a broad area (e.g., a surface
coal mine).
ATOM—The basic component of all matter; it is the smallest unitary constituent
of a chemical element having all the properties of that element. Atoms
are made up of protons and neutrons (in the nucleus) and electrons
(surrounding the nucleus).
ATOMIC ENERGY COMMISSION (AEC)—Federal agency created in 1946 to manage the
development, use, and control of nuclear energy for military and civilian
application. Abolished by the Energy Reorganization Act of 1974, its
duties were transferred to the Energy Research and Development Administration (now the U.S Department of Energy) and the U.S. Nuclear Regulatory Commission.
ATOMIC NUMBER—The number of protons in the nucleus of an atom.
ATOMIC MASS—The mass of an atom relative to the mass of a neutral carbon-12
atom, on a scale in which the atomic mass of a carbon-12 atom is precisely
12.
ATTENUATION—The reduction in intensity, by absorption and scattering, of an
emission (e.g.s radiation, noise) when passing through a material (e.g.,
air, solids, water).
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BACKGROUND RADIATION~As used in this document, it includes both the natural
and man-made (e.g., fallout) radiation in man's environment. It includes
cosmic rays and radiation from the naturally radioactive elements that
occur (both outside and inside the bodies of humans and animals). For
persons living in the United States, the individual dose from background
radiation ranges from about 80 to 200 millirem per year.

BERM—A bench of soil or rock built on an earthen structure. It may serve
various purposes such as a dike, an encasement for a drainage system, a
weight for structural stabilization of an embankment, or an erosion-contro
structure.
BETA RADIATION (BETA PARTICLE)—A more penetrating form of ionizing radiation
than alpha radiation. Most beta particles can penetrate skin and damage
living cells but, like alpha particles, their effects may be most serious
when beta-emitting isotopes are inhaled or ingested. A beta particle is
identical to an electron.
BIOASSAY, RADIOLOGICAL—The sampling of body fluids and the contents of the
gastrointestional tract to determine concentrations of radioisotopes for
estimating uptake or body burden of those isotopes.
BIOLOGICAL HALF-LIFE—The time required for a biological system, such as a
human, to eliminate by natural processes half the amount of a specific,
substance (such as a radioactive material) that has entered the system.
BODY BURDEN—The amount of radioactive material present in the body of a human
or an animal.
CATION—A positively charged ion.
COSMIC RADIATION—Penetrating ionizing radiation, both particulate and electromagnetic, originating in outer space. It accounts for about 45 to 50 mill
rem of the 125 millirem background radiation that an average individual
in the United States receives in a year.

CRITERION—A basis for judgment or decision-making. Ability to conform to a
radiation standard may be used by the Nuclear Regulatory Commission as a
criterion for licensing of a proposed activity. Criteria may be enacted
into statutes, promulgated in regulations, or incorporated into guidelines.
CUMULATIVE RADIATION DOSE—The total dose resulting from repeated radiation
exposures of the same organ or the whole body over a period of time.
CURIE (Ci)--A measure of the rate of radioactive decay. One curie is equal to
37 billion disintegrations per second, which is approximately the rate of
decay of 1 gram of radium. Named for Marie and Pierre Curie, who discovered radium in 1898.
DAUGHTER PRODUCTS~See DECAY PRODUCTS
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DECAY CHAIN (DECAY SERIES)—The nuclides in the sequence of radioactive decay
from one nuclide to another until a stable (nonradioactive) nuclide is
reached. The uranium-238 decay chain starts with the naturally radioactive uranium-238 and ends with stable lead-206.
DECAY PRODUCTS—Isotopes that are formed by the radioactive decay of some
other isotope. In the case of radium-226, for example, there are 10 successive decay products, ending in the stable isotope lead-206.
DECIBEL (dB)—A unit of sound pressure level; a change of 10 decibels equals a
change in sound pressure by a factor of 10.
DECONTAMINATION—The selective removal of radioactive material from a surface
or from within another material.
DEMOGRAPHY—Study of human population—size, density, distribution, and vital
statistics.
DISPERSION—The mixing and dilution of a pollutant in any medium (e.g., atmosphere, water).
DISPERSION MODEL—An analytical method used to predict the downwind or downstream concentration of a pollutant emitted into the atmosphere or water.
DOSE EQUIVALENT—The absorbed dose adjusted for the biological effect of the
radiation. Expressed in rems, it is the product of the absorbed dose
times a quality factor (which takes into account the particular type of
radiation) multiplied by other modifying factors. Often referred to
simply as "dose."
DOSIMETER—A portable instrument for measuring and registering the total
accumulated dose from ionizing radiation (see DOSIMETRY).
DOSIMETRY—The theory and application of the principles and techniques involved
in the measurement and recording of radiation doses. Its practical
aspect is concerned with the use of various types of radiation instruments with which measurements are made.
ELECTROMAGNETIC RADIATION—A traveling wave
electric or magnetic fields. Familiar
from X-rays (and gamma rays) of short
violet, visible, and infrared regions,
tively long wavelength.

motion resulting from changing
electromagnetic radiations range
wavelength, through the ultrato radar and radio waves of rela-

ELECTRON—An elementary particle with a unit negative charge and a mass 1/1837
that of the proton. Electrons surround the positively charged nucleus
and determine the chemical properties of the atom.
ELEMENT—One of the 103 known chemical substances that cannot be broken down
further without changing its chemical properties.
ENTRAINMENT—The action of being drawn into and transported by a flowing
medium such as wind or water.
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EXPOSURE, RADIATION—The amount of ionization produced in air by X-rays or
gamma rays, measured in Roentgens (R). A person standing for one hour in
a one-Roentgen/hour radiation field of X-rays or gamma rays will incur a
dose equivalent of about 1 rem.
EXTERNAL RADIATION—Radiation from a source located outside the body.
FISSION—The splitting of a nucleus yielding two or more smaller nuclei, a
large amount of energy, and often some other particles. Two or three
neutrons are usually released during this process.
FISSION PRODUCTS—Atomic fragments created by nuclear fissions (includes the
nuclides formed by radioactive decay).
FLOODPLAIN—The portion of a river or stream valley that periodically is
inundated. The 100-year floodplain is the area that is likely to be
inundated once in 100 years.
FUEL CYCLE, NUCLEAR—The series of steps involved in supplying fuel for nuclear
reactors. It includes mining, milling, isotopic enrichment, fabrication
of fuel elements, use in a reactor, chemical reprocessing to recover the
fissionable material remaining in the spent fuel, reenrichment of the
fuel material, refabrication into new fuel elements, and waste disposal.
GAMMA RADIATION—High-energy electromagnetic radiation that has a high penetrating power. It usually accompanies beta emission from radioactive decay
processes. Sunlight and X-rays are similar to gamma rays (they are all
electromagnetic radiation) but have different penetrating power. Gamma
radiation can penetrate and damage critical organs in the body. Dense
materials, such as lead, will stop gamma rays.
GENETIC EFFECTS—Changes in the mechanism by which hereditary traits are
passed on to the next generation. Some changes (such as those caused by
radiation or chemicals in the environment) may be automatically repaired
by the organism's natural repair system. If the change is not repaired
and is passed on to offspring, the change may or may not be expressed
(show up as a physical change) and it may or may not be harmful to the
organism.
GRQUNDWATER—Usually considered to be the water within the zone of saturation
below the soil surface.
HALF-LIFE—The time it takes for half the atoms of a quantity of a particular
radioactive element to decay into another form. Half-lives of different
isotopes vary from millionths of a second to billions of years. Halflives of various elements of concern in FUSRAP wastes are shown in the
illustration of the uranium-238 decay chain in Section 4.1 of this report.
HEALTH PHYSICS—The science concerned with recognition, evaluation, and control
of health hazards from ionizing radiation.
HIGH-LEVEL WASTES—Solid and liquid radioactive wastes that come from the
recovery of uranium and plutonium from spent reactor fuels. The "highlevel" refers to the high levels of radioactivity in such wastes. There
are no high-level wastes involved in the FUSRAP program.
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HYDROL0GY--The science dealing with water on the land—its properties, cycles,
and geographical distribution.
IMPERMEABLE LINER—Material placed on the bottom and sides of a waste impoundment to contain the waste material. No liner is completely impermeable,
but many synthetic materials are relatively impermeable compared to
natural earth liners.
INFILTRATION RATE, SOIL—The rate at which water enters the surface layer of
soil.
IN-SITU--In place.
INSTITUTIONAL CONTROL—Management by any governmental or other organized body.
Institutional controls may include: record keeping, limitations on land
ownership and use, maintenance and security activities, monitoring, or
other enforced restrictions.
INTRUSION—Any action by a person that brings that person into contact with
radioactive wastes so as to produce a radiation dose to that person or to
others.
INTERNAL RADIATION—Radiation from radioactive substances within the body.
ION—An atom or molecule from which one or more electrons have been removed
(positively charged ion) or to which an electron has become attached
(negatively charged ion).
IONIZATION—The process of adding electrons to, or removing electrons from,
atoms or molecules—thereby creating ions. High temperatures, electrical
discharges, or nuclear radiations can cause ionization.
IONIZING RADIATION—Any radiation capable of displacing electrons from atoms
or molecules, thereby producing ions. Examples include alpha particles,
beta particles, gamma particles, X-rays, protons, and neutrons.
IRRADIATION—Exposure to radiation.
ISOTOPE—One of two or more atoms with the same number of protons, but different numbers of neutrons, in their nuclei. Thus, carbon-12, carbon-13
and carbon-14 are isotopes of the element carbon, the numbers denoting
the mass numbers. Isotopes have very nearly the same chemical properties,
but often different nuclear properties (for example, carbon-12 and -13
are stable, whereas carbon-14 is radioactive).
LAY-DOWN AREA, CONSTRUCTION—An area used for temporary storage of construction material.
Ldn—Day-night (24-hour) average noise level expressed in dB (decibels).
LEACH—To remove or separate soluble components from a solid by contact with
water or other liquids.
LEACHATE—The water and dissolved constituents leached from a given material
such as soil.
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LONG-LIVED ISOTOPE—A radioactive nuclide that decays at such a slow rate that
a quantity of it will exist for an extended time period. For FUSRAP
wastes, long-lived isotopes would be those with half-lives longer than
about IOC years.
LOW-LEVEL WASTE (LLW)—All radioactive waste materials that are not high-level
or transuranic waste.
MASS HUMBER--The number of protons plus neutrons in the atom. For example,
uranium-238 has a mass number of 238, i.e., 92 protons plus 146 neutrons.
MAXIMUM PERMISSIBLE CONCENTRATION (MPC)—The annual average concentration of a
radionuclide in air or water to which an individual may be continuously
exposed without exceeding an established limit of radiation dose. Intermittent exposures at greater than the MPC can sometimes be allowed.
MODELS—Simplified representations of complex phenomena. Models may be graphic,
mathematical, or verbal.
MOLECULE--A group of atoms held together by chemical forces. A molecule is
the smallest unit of a compound that can exist by itself and retain all
its chemical properties.
NEUTRON--Elementary atomic particle with a mass slightly greater than that of
the proton but with no electric charge. It is found in the nucleus of
every atom heavier than ordinary (light) hydrogen.
NUCLEAR RADIATION—Particles and electromagnetic energy given off due to the
transformation occurring in the nucleus of an atom.
NUCLEAR REGULATORY COMMISSION (NRC)—U.S. agency responsible for the licensing,
regulation, and inspection of commercial, test, and research nuclear
reactors, as well as certain nuclear materials.
NUCLEUS—The small, central, positively charged region of an atom that carries
essentially all the mass. Except for the nucleus of ordinary (light)
hydrogen, which has a single proton, all atomic nuclei contain both
protons and neutrons. The number of protons determines the total positive charge, or atomic number; this is the same for all the atomic nuclei
of a given chemical element. The total number of neutrons and protons is
called the mass number.
NUCLIDE—A general term referring to all known isotopes, both stable (279) and
unstable (about 5000), of the chemical elements.
OCCUPATIONAL DOSE—Amount of radiation received by those occupied with the
operation of an activity involving the handling of radioactive material.
PARTICIPATES—Fine, solid or liquid particles dispersed in air or water.
PENETRATING RADIATION—Forms of radiation that are capable of passing through
significant thicknesses of solid materials. These include gamma rays,
X-rays, and neutrons.

C-8
PERMEABILITY--In hydrology, the capacity of rock, sediment, or soil for allowing
the passage of water.
PERSON-REM--The sum of the individual radiation dose equivalents received by
members of a certain group or population. It may be calculated by multiplying the average dose per person by the number of persons exposed. For
example, a thousand people each exposed to one millirem (1/1000 rem)
would have a collective dose of 1 person-rem.
PHOTON--A quantum (or packet) of energy emitted in the form of electromagnetic
radiation. Gamma rays and X-rays are examples of photons.
PIPING—A progressive failure of a dike or embankment that occurs when a
seepage velocity is great enough to cause internal erosion.
POINT SOURCE^-A single source of pollution (e.g., emission from a coal-fired
power plant stack).
POPULATION DOSE—Summation of the doses received by all individuals in a
specified population in the vicinity of an activity involving the handling
of radioactive material.
PREFIXES—The following prefixes (factors of ten) are commonly used in scientific
literature:
d
c

m
M
n

P

deci
centi
mi 11 i
micro
nano
pi co

(=
(=
(=
(=
(=
(=

10- x2 )
lO- )
10- 3 )
10- 6 )
10- 9 )
10- 12 )

da
h
k

M

deka
hecto
kilo
mega

(=
(=
(=
(=

10)
1032 )
10 )
10 6 )

QUALITY FACTOR—The factor by which the absorbed dose in rads is to be multiplied to obtain a quantity that approximates, on a common scale for all
ionizing radiations, the biological damage to exposed persons. It is
used because some types of radiation are more biologically damaging than
other types.
RA0~Unit of absorbed dose; acronym for Radiation Absorbed Dose (see ABSORBED
DOSE).
RADIATION—A very general term that covers many forms of particles and energy,
from sunlight and radio waves to the energy that is released from inside
an atom. Atomic radiation can be in the form of electromagnetic waves
(gamma rays, X-rays) or particles (alpha particles, beta particles,
protons, neutrons).
RADIOACTIVE WASTE—Solid, liquid, and gaseous rcaterials from nuclear operations
that are radioactive and for which there is no further use. Wastes are
generally classified as high-level, transuranic, and low-level.
RADIOACTIVITY—The spontaneous process by which an unstable nucleus decays to
another, usually accompanied by emission of radiation. It is measured as
the number of disintegrations per unit time (see CURIE).
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RAOIOISOTOPE—An unstable isotope of an element that spontaneously loses
particles and energy through radioactive decay.
RADIONUCLIDE—An unstable nuclide that undergoes radioactive decay.
RADON-222—A radioactive gas produced by the decay of radium-226. It is
hazardous mainly because its solid daughter products can be deposited in
the lungs where they decay in a matter of minutes by emitting alpha
radiation that irradiates nearby tissues (see ALPHA RADIATION).
RADIUM-226—A radioactive solid produced by the decay of thorium-230. Like
radon-222 it is an alpha emitter and is hazardous when it gets into the
body. Radium-226 has a half-life of 1600 years and can accumulate in
certain parts of the body such as the bones.
RECLAMATION—The restoration of disturbed land. Restoration may range from
construction of buildings to establishment of wildlife habitat.
REGULATION—A law promulgated by an administrative agency or regulatory
commission. Federal agencies and commissions obtain their power to
promulgate laws from the U.S. Congress; state agencies and commissions
obtain such power from their respective state legislatures.
RE'>1—Units of dose equivalent; acronym for Roentgen Equivalent Man (see DOSE
EQUIVALENT).
RISK—Assuming the factors can be quantified, risk equals the consequences per
event multiplied by the probability of the event's occurrence.
ROENTGEN (R)—Unit of exposure. One Roentgen is the amount of gamma rays or
X-rays required to produce one electrostatic unit (esu) of charge of one
sign in one cubic centimeter of dry air under standard conditions. Named
after Wilhelm Roentgen, a German scientist, who discovered X-rays in
1895.
RUNOFF--A11 rainfall and snowmelt that does not soak into the ground, does not
evaporate immediately, or is not used by vegetation, and hence flows over
the land surface.
SECULAR EQUILIBRIUM—In a radioactive decay series, the state that prevails
when the ratios between the amounts of successive members of the series
remain constant over time.
SEEPAGE—Any water or liquid effluent that flows through a porous medium
(e.g., water lost through the bottom of a liquid-waste pond).
SHORT-LIVED ISOTOPE—A radioactive nuclide that decays rapidly compared to the
time frame of interest. For FUSRAP wastes, short-lived isotopes would be
those with half-lives on the order of 100 years or less.
SOMATIC EFFECTS OF RADIATION—Effects of radiation that are limited to the
exposed individual, as distinguised from genetic effects that may also
affect subsequent unexposed generations.
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SOURCE TERM--The quantity of radioactive material released by an accident or
operation.
STABLE ISOTOPE--An isotope that does not undergo radioactive decay.
SYNTHETIC COVER—Refers to any of a number of materials (membranes) manufactured
from plastics, rubbers, or asphalts. In the context of this document, such
a material could be used to cover the interim-storage pile to prevent precipitation from leaching contaminants from the wastes being stored.
TERRESTRIAL RADIATION—The portion of background radiation that is emitted by
radioactive materials in the earth.
TEXTURE, SOIL—The proportion of sand, silt, and clay in a soil. Soil texture
is expressed in terms such as "sandy loam", "clay", or "silty clay loam".
THERMOLUMINESCENT DETECTOR (TLD)—A solid-state device used to measure radiation doses.
THORIUM—A naturally occurring element that has several radioisotopes.
special interest are thorium-230 and thorium-232.

Of

TRACE ELEMENTS—Chemical elements that normally are present in minute (trace)
quantities. Includes metals such as chromium, zinc, cadmium, and copper,
and nonmetals such as selenium, boron, and arsenic.
TRANSURANIC (TRU) WASTES—Wastes that contain or are contaminated by transuranic elements (those with mass numbers higher than uranium) in concentrations greater than 10 nCi/g.
TRITIATED WATER—Water in which one or both hydrogen atoms have been replaced
by a tritium atom.
TRITIUM—A radioactive isotope of hydrogen (one proton, two neutrons) that
decays by beta emission. Its half-life is about 12 years.
URANIUM—A naturally occuring radioactive element that consists of 99.2830% by
weight uranium-238, 0.7110% uranium-235, and 0.0054% uranium-234.
Uranium-238 is of main concern for FUSRAP wastes because it eventually
decays into radium-226 and radon-222.
WATERSHED--An area of land that drains into a water body. Watersheds are
separated by divides.
WATER TABLE—The upper surface of groundwater (saturated zonel in an unconfined
aquifer (see AQUIFER).
WHOLE-BODY DOSE—The radiation dose to the entire body.
WORKING LEVEL (WL)—Any combination of radon decay products in 1 liter of air
that will result in the ultimate emission of 0.21 ergs of alpha energy is
defined as 1 WL. It is based on the 0.21 ergs of alpha energy that would
be emitted by the decay products of 100 pCi of radon in 1 liter of air,
where the decay products are in radiological equilibrium with the parent
radon.
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WORKING-LEVEL MONTH—Radiation exposure resulting from inhalation of air with
a concentration of 1 WL of radon decay products for 170 hours—i.e., the
number of hours in a work month.
X-RAYS—Penetrating electromagnetic radiation having a wavelength that is much
shorter than that of visible light. It is customary to refer to rays
originating in the nucleus as gamma rays, and to those originating in the
electron field of the atom as X-rays. These rays are sometimes called
Roentgen rays after their discoverer, Wilhelm Roentgen.

APPENDIX D. TABLES OF METRIC AND ENGLISH EQUIVALENTS

D-l

D-2

Table of Metric/English Equivalents
Multiply

By

To obtain

Centimeters (cm)
Cubic centimeters (cm 3 )
Cubic meters (m 3 )
Cubic meters (m 3 )
Cubic meters (m 3 )
Cubic meters/second
(cm3)
Degrees Celsius (°C)
+ 17.78
Grams (g)
Hectares (ha)
Joules (J)
Joules (J)
Joules/kilogram (J/kg)

0.3937
0.0610
2.6417 x 10 2
35.3146
1.308

Inches
Cubic inches
Gallons
Cubic feet
Cubic yards

15.8503 x 10 3
1.8

Gallons/minute
Degrees Fahrenheit

Kilograms (kg)
Kilograms (kg)
Kilometers (km)
Liters (L)
Liters/second (L/s)
Meters (m)
Pascals (Pa)
Square kilometers (km 2 )
Square meters (m 2 )
Square meters (m 2 )
Tons, metric (MT)

2.2046
0.0011
0.6214
0.2642
15.851
3.2808
0.145 x 10- 3
0.3861
10.764
1.1960
1.1023

0.0353
2.47
9.485 x 10- 4
2.778 x 10- 7
4.303 x 10- 4

NOTE: pg/g = ppm; mg/L = ppm (in water).

Ounces
Acres
British thermal units
Kilowatt-hours
British thermal
units/pound
Pounds
Tons, short
Miles
Gallons
Gallons/minute
Feet
Pounds/square inch
Square miles
Square feet
Square yards
Tons, short

D-3

Table of English/Metric Equivalents
Multiply

Acres
British thermal units
[(Btu) thermochemical]
British thermal
units/pound (Btu/lb)
Cubic feet (ft 3 )
Cubic inches (in. 3 )
Cubic yards (yd 3 )
Degrees Fahrenheit (°F)
- 32
Feet (ft)
Gallons (gal)
Gallons (gal)
Gallons/minute (gal/min)
Gallons/minute (gal/min)
Inches (in.)
Kilowatt-hours (kWh)
Miles (mi)
Ounces (oz)
Pounds (lb)
Pounds/square inch (psi)
Square feet (ft 2 )
Square miles (mi 2 )
Square yards (yd 2 )
Tons, short (t)
Tons, short (t)

By

To obtain

0.4047

Hectares

1.0544 x 10 3

Joules

2.324 >< 1 0 3
0.0283
16.387
0.7646

Joules/kilogram
Cubic meters
Cubic centimeters
Cubic meters

5/9
0.3048
3.7854
0.0038
0.0631
6.3P' >i 10- 5
2 ;Q
' SO x 106
.6093
28.350
0.4536
6.8947 x 10 3
0.0929
2.590
0.8361
9.0718 x 10 2
0.9072

Degrees Celsius
Meters
Liters
Cubic meters

Liters/second
Cubic meters/second
Centimeters

Joules
Kilometers
Grams
Kilograms
Pascals
Square meters
Square kilomters

Square meters
Kilograms
Tons, metric

Distribution of ANL/EIS-16
Internal:
E.S. Beckjord
R.E. Rowland
W.J. Hallett
C.J. Roberts
J.D. DePue
R.W. Vocke (109)

P.C. Chee
P. Merry-Libby
B.A. Payne
J.M. Peterson
S.M. Prastein
L.F. Soholt

M.C. (Bynoe) Winters
D.J. Wyman
ANL Contract File
ANL Patent Office
ANL Libraries (4)
TIS Files (6)

External:
DOE-TIC (2)
Manager, Chicago Operations Office, DOE
Keller, E.L., Oak Ridge Operations, DOE, Oak Ridge, TN (6)
Review Committee for the Division of Environmental Impact Studies:
Burstein, Mr. Sol, Wisconsin Electric Power Company, Milwaukee
Firor, Dr. John W., National Center for Atmospheric Research, Boulder, CO
Hannon, Dr. Bruce M., University of Illinois, Urbana
Moeller, Dr. D.W., Harvard School of Public Health, Boston, MA
Morgan, Dr. M. Granger, Carnegie-Mellon University, Pittsburgh, PA
Smith, Dr. Allan F., University of Michigan, Ann Arbor
Wixson, Dr. Bobby G., University of Missouri-Rolla

