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1.0

C-T CHARACTERIZATION PLAN

INTRODUCTION

This plan describes the activities to be performed to characterize radioactive residues
associated with the Mallinckrodt, Inc. (Mallinckrodt) former Columbium-Tantalum
(C-T) facility operated under Nuclear Regulatory Commission (NRC) Source
Matenial License STB-401. Section 2.0 describes the site, radiological processing
activities which have occurred at the site, including C-T operations and those
performed under the direction of the Manhattan Engineer District and the Atomic
Energy Commission (MED-AEC), and provides a discussion of Department of
Energy (DOE) responsibilities under the Federa! Facilities Agreement (FFA) and
the Formerly Utilized Sites Remedial Action Program (FUSRAP). Section 3.0
describes Mallinckrodt's overall approach to site characterization and
decommissioning. Sections 4 through 10 describe the data quality objectives for the
investigation, the specific surveys, sampling and analysis to be performed in site
characterization; analytical techniques to be employed; program implementation and
schedule; decontamination tests to be performed; characterization waste
management; and program administration, including discussions of the organization
performing the project, and health and safety practices to be employed.

Mallinckrodt is submitting this characterization plan to the Nuclear Regulatory
Commuission for review and concurrence prior to plan implementation. Mallinckrodt
believes that NRC concurrence with the scope and technical aspects of the plan is
an important initia; step in the timely and cost-effective termination of license STB-
401.



20

BACKGROUND INFORMATION

2.1

SITE INFORMATION

2.1.1

Site Description

The Mallinckrodt St. Louis plant is a 13 acre site located at 3600
North 2nd Street on the west bank of the Mississippi River in an area
that is zoned and developed for industrial uses (Figure 2-1). The plant
is generally bounded by Salisbury Street on the north, Angelrodt Street
on the south, Broadway on the west, and Wharf Street on the east.
The plant has been in operation since 1867 and has produced a wide
range of products, including metallic oxides and salts, ammonia, gun
cotton, organic chemicals, and various weapons-related uranium
products. The plant currently manufactures a variety of products for
food, drug, cosmetic, pharmaceutical, and specialty chemical uses.

The plant property and equipment is owned by Mallinckrodt, Inc.
(Mallinckrodt), a Delaware corporation. The plant is operated by
Mallinckrodt Specialty Chemicals Company (MSCC), a Delaware
corps.ration, on behalf of Mallinckrodt.

The St. Louis plant has evolved with time. The plant currently consists
of approximately 100 buildings in over ten sub-plants encompassing
twelve city blocks. Plant departments and buildings are designated by
numbers or single letters. A current plant plot plan is provided in
Figure 2-2. A 1991 aerial photograph of the plant is shown in Figure
2-3. The present-day Plant 10 includes the area formerly described as
Plant 4. Plant support facilities include maintenance shops, research
and quality control laboratories, warehouses, steam boilers, wastewater
neutralization basins and a RCRA-permitted facility for drum storage
of hazardous waste. The site also operates numerous tanks for the
bulk storage of both organic and inorganic chemical liquids, one large
fuel tank, and two above-ground gasoline storage tanks.
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20 BACKGROUND INFORMATION (CONTINUED)
2.1  SITE INFORMATION (CONTINUED)

Site Radiological History (Continued)
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BACKGRQUND INFORMATION (CONTINUED)

2.1

SITE INFORMATION (CONTINUED)

2.1.4 Hydrologic Setting

Subsurface investigations indicate the presence of four unconsolidated
hydrostratigraphic units and one bedrock unit beneath the plant.
These are, from top down (Figures 2-4 and 2-5): 1) an upper
uniconsolidated unit, 12-20 ft thick, consisting of perched groundwater
in fill material; 2) relatively impermeable alluvial silt and clay; 3) a
lower unconsolidated unit, 0-60 feet thick, consisting of relatively
permeable sandy alluvial sedimenis; and, 4) limestone bedrock.
Bedrock is exposed in highway cuts west of the site, and the bedrock
surface slopes eastward to a depth of over 100 feet beneath the
Mississippi River.

Groundwater in the sandy alluvial unit is locally saline and generally
very hard, with high iron and manganese content. Groundwater found
in the undeilying bedrock is generally saline and non-potable.
Groundwater beneath the plant and surrounding industrial areas is not
used as a drinking water source. There are no known drinking water
wells in the vicinity of the plant. The City of St. Louis obtains its
drinking water from the Missouri River and Mississippi River (Chain
of Rocks Water Works, 6.5 miles upstream from the plant).
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BACKGROUND INFORMATION (CONTINUED)
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THE COLUMBIUM-TANTALUM (C.T) OPERATION

22.1

Historical Background

Mallinckrodt extracted columbium and tantalum compounds from
natural and synthetic ores and tin slags from approximately 1956 to
1985, Columbium and tantalum are naturally occurring metallic
elements with various uses. Columbium, also called niobium, is used
as an alloying agent in carbon and alloy steels and in nonferrous
metals to improve material strength and provide other desirable
properties. Tantalum is used in electronic components, chemical
process equipment, and aircraft and missile parts.

From approximately 1956 to 1960, Mallinckrodt Chemical ‘Works
(MCW) extracted columbium, tantalum, uranium, thorium, and rare
earth elements from euxenite mineral ore for national defense
purposes. The operation was performed in connection with the
Defense Materials Procurement Agency (Genera! Services
Administration) and Atomic Energy Commission. MCW was a
subcontractor, and performed the euxenite processing under an AEC
source material license R-226. The license expired March 1, 1960.
Former euxenite process and support areas are shown on Figure 2-6.

In 1961, after the end of the euxenite operation, MCW began
production of columbium and tantalum compounds at the St. Louis
plant under a new AEC license number STB-401 issued on August 23,
1961. C- process and support areas are shown on Figure 2-9. The
C-T operations were conducted from 1961 to 1985. A brief pilot run
was conducted in 1987,
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2.2.1

BACKGROUND INFORMATION (CONTINUED)

THE COLUMBIUM-TANTALUM (C-T) OPERATICN (CONTINUED)

Historical Background (Continued)

The business nature and feed materials of the C-T operation changed
with time. From 1961 to approximately 1974, MCW purchased feed
materials for processing from Malaysia, Thailand and other countries.
From approximately 1975 to 1985, feed materials were processed under
a long-term contract with National Research Corporation, Inc., of
Newton, Massachusetts, which was owned partially by a West German
company, H. C. Starck, Co., and a trading company called Salmon
Corp. The feed materials during this period (1975-1985) consisted of
a blend of upgraded synthetic tin slag concentrates and natural
columbite and tantalite mineral ores.

In February 1986, Mallinckrodt informed the NRC that National
Research Corporation, Inc. did not renew its contract and that the C-T
plant would be placed on standby. Following a one year shutdown, a
two month pilot production run was performed in early 1987 to explore
new business opportunities. The pilot run processed approximately
20,000 pounds of tin slag from Thailand. The C-T plant was returned
to standby mode following the trial run. No further C-T operations
have occurred since that time.

Mallinckrodt’s NRC source material license for the C-T operation
expires March 31, 1994, On July 12, 1993, NRC amended
Mallinckrodt’s license to a possession-only license for decontamination

and decommissioning (D&D) and license termination upon completion
of D&D.
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BACKGROUND INFORMATION (CONTINUED)

22

THE COLUMBIUM-TANTALUM (C-T) OPERATION (CONTINUED)

22.1

222

Historical Background (Continued)

It is estimated that a total of 105 curies of natural uranium (U-238,
U-234, U-235) and natural thorium (Th-232, Th-228) were processed
during the euxenite operation. Original contract documents suggest
that 95 Ci of natural uranium and 10 Ci of natural thorium were
contained in the ores processed.

Approximately 28 curies of natural uranium and therium were
processed during C-T operations under license STB-401. It is
estimated that 6 Ci of natural uranium and 19 Ci of natural thorium
were contained in the ores and tin slags processed.

Plant 5 Development History

Most of the C-T operations occuired in portions of Plant 5. The
current Plant § area was used for manufacturing prior to its purchase
by Mallinckrodt. Mallinckrodt began to develop Plant 5 in 1947 with
the construction of buildings 200 West, 200 East, and 201 along
Angelrodt Street at the southern end of the block. These buildings are
still in operation and house organic and inorganic manufacturing
processes. A new sewer system was installed in sections as Plant §
developed. Wastewater was conveyed in underground sewers to the
northwest corner of Plant 7. From this point, an underground sewer
carried Plant 5 effluent east and connected to the sewer and outfall
system constructed to support the MED-AEC Destrehan Street
Facility. A pair of wastewater neutralization basins was constructed in
the northeast corner of Plant 7 in the early 1970’s.
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BACKGROUND INFORMATION (CONTINUED)

22

THE COLUMBIUM-TANTALUM (C-T) OPERATION (CONTINUED)

2.2.2 Plant § Development History (Continued)

The building 219 warehouse /shed structure was built in 1949,

Buildings 213 and 236 were constructed in 1953, Building 213 was
constructed as a locker and change facility for Plant S operations. It
now houses plant utility operations, as well as a break room. Building
236 is currently used as a Plant 5§ maintenance shop. At one time, C-T
product was dried in tray dryers in building 236.

Building 238 was constructed in 1954 to house the euxenite process,
the predecessor to the C-T operation. C-T operations performed in
building 238 are described in Sectior 2.2.4 below.

Buildings 235 and 245 were constructed in 1959. Building 235 was
used as a returned goods warehouse and at one time was used to store
C-T feed materials and unreacted ore (URO). The east end of
building 235 has recently been converted for chemical manufacturing.
All areas of building 235 are currently being renovated for
manufacturing and associated support activities. Building 245 was used
for organic chemical processing unrelated to C-T.

Warehouse buildings 222 and 223 were built in 1960,

The building 204 inorganic chemical manufacturing facility was
constructed in 1961.
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BACKGROUND INFORMATION (CONTINUED)

22

THE COLUMBIUM-TANTALUM (C-T) OPERATION (CONTINUED)

223

Plant § Hydrogeological Conditions

The hydrogeologic setting of the Mallinckrodt St. Louis Plant was
previously summarized in Section 2.1. The subsurface hydrogeologic
conditions in the vicinity of the C-T production and support areas in
Plant 5§ have been studied during previous investigations. These
investigations have included the installation of over fifty exploratory
borings within Plant S, some of which were completed as monitoring
wells.

The hydrostratigraphy, groundwater flow directions, and hydraulic
gradient in the Plant § area are described below. Groundwatar level
contours and select boring locations in the Plant § area are shown on
Figure 2-7. A subsurface profile of Plant § is shown on Figure 2-8.

Plant 5 is underlain by four stratigraphic units. These are, from top
down (Profile A-A’, Figure 2-8):

. fill, 7-18 feet thick;

. a relatively impermeable fine-grained alluvial unit, 20-30 feet
thick;

. a sandy alluvial unit, 0-10 feet thick; and

. limestone bedrock.

The fill consists of bricks, clay, coal slag, cinder, concrete, construction
rubble, glass, and sand. A perched groundwater unit occurs within the
fill in Plant 5§ at depths ranging from approximately three to nine feet
below ground surface. Groundwater elevation measurements
performed between 1982 and 1989 indicate that the perched
groundwater flows generally to the northeast (Figure 2-7) with a
horizontal hydraulic gradient of approximately 0.006 ft/ft.

11-



20  BACKGROUND INFORMATION (CONTINUED)

22  THE COLUMBIUM-TANTALUM (C-T) OPERATION (CONTINUED)
2.2.3 Plant § Hydrogeological Conditions (Continued)

The fine grain alluvial unit beneath the fill consists of interbedded silty
clay, clay, silt, and sandy silt. Representative hydraulic and
geotechnical properties of this unit were evaluated by DOE. An in-
situ, changing head test performed in this unit in Plant 7 yielded a
horizontal hydraulic conductivity of 9.9 x 10® cm/sec. DOE also
collected fourteen undisiurbed samples of this unit from various
boreholes across the St. Louis Plant and tested them for laboratory
permeability, cation exchange, and geotechnical parameters. The
vertical hydraulic conductivity ranged from 4 x 10 to 1 x 10® ecm/sec
with a geometric mean of 1 x 107 em/sec. Cation exchange capacities
ranged from 70 to 200 meq/100 g, with an average value of 39
meq/100 g.

The sandy alluvial unit beneath Plant 5 consists of fine to coarse sand.
Groundwater in this unit may be confined or semi-confined by the
overlying relatively impermeable fine-grained unit. The groundwater
potentiometric surface occurs at depths of about 10 to 35 feet below
ground surface. Groundwater in this unit flows eastward towards the
Mississippi River with a horizontal hydraulic gradient ranging from
0.01 to 0.02 ft/ft (Figure 2-5).

The bedrock surface beneath Plant 5 occurs at depths ranging from
approximately 30 to 55 feet and slopes gently eastward towards the
Mississippi River (Profile A-A’, Figure 2-8).
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BACKGROUND INFORMATION (CONTINUED)

22

THE COLUMBIUM-TANTALUM (C-T) OPERATION (CONTINUED)

223

224

Plant § Hydrogeological Conditions (Continued)

Some monitoring wells in and around Plant 5 have been sampled for
radionuclides by Mallinckrodt or DOE (see Table 2-1). The site
groundwater is not a source of drinking water, but even if it were, it is
ncteworthy that the reported radionuclide activities are well below
USEPA'’s proposed maximum contaminant levels (MCLs).

Former C-T Process and Support Areas

C-T production and support areas are listed in Table 2-2 and shown on
Figure 2-9. All of the C-T process operations occurred in Plant 5.
C-T support areas were located in Plants 1, 3, §, 6, 7, and 8. Process
building 238 in Plant 5 was used previously during the euxenite
operation, while other process buildings in Plant § were constructed
specifically for the C-T operation. Selected buildings and areas in
Plants 6 and 7 were used to receive and store feed materials and
drummed URO waste. Some URO was buried in the western portion
of Plant 6 in 1972 and 1973 in conformance with 10 CFR 20.304
{Figure 2-10).

A generalized C-T process flow diagram is shown in Figure 2-11. C-T
process raw materials are identified in Table 2-3. Columbium and
tantalum oxides and saits were produced in a batch process that
included five major steps:
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THE COLUMBIUM-TANTALUM (C-T) OPERATION (CONTINUED)

22.4 Former C-T Process and Support Areas (Continued)

Step 1: Feed materials were received by truck in burlap bags and
drums. The bags were generally placed in drums or boxes for storage.
These were stored in Plants 6 and 7 prior to forklift transport to the
ore staging area in Plant 5, where ore batches were selected.

The ore (feed material) was arranged into feed batches in the ore
staging area east of Building 245. Ore was also staged on other paved
areas in Plant 5. The feed material was ground into a fine grained
slurry in the ball mill room (building 238 annex) using a wet milling
process. The slurry was then pumped into boildown tanks where
excess water was boiled off.

Due to the value of columbium and tantalum, the burlap ore bags
were incinerated, and the ash was recycled into the process stream to
recover columbium-tantalum. The incinerator was originally located
west of building 248. In 1980, a new incinerator was located in its
present position west of building 101 in Plant 6.

Step 2: The ore slurry was pumped into large rubber-lined acid
dissolving tanks in building 238. Hydrochloric aci, sulfuric acid, and
hydrofluoric acid were used during the tin slag processing.
Hydrofluoric and sulfuric acids alone were used in dissolving/leaching
columbite and tantalite ores and synthetically upgraded tin slags.

Step 3: 'The acid C-T mother liquor was decanted from the unreacted

ore by mixing and settling. A flocculating agent was utilized to

enhance separation. The decanted liquor was filtered and pumped to

building 247 for Step 4 processing, Initially, the URO was filtered on
-14-
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BACKGROUND INFORMATION (CONTINUED)
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2

THE COLUMBIUM-TANTALUM (C-T) OPERATION (CONTINUED)

2.2.4 Former C-T Process and Support Areas (Continued)

a plate and fra.ne filter press as an acid slurry, washed with water, and
the cake discharged to the plant sewer system. Between 1975 and
1980, the URO press cake was drummed and stored for future use or
disposal. Beginning in 1980, the stored URO was reprocessed and
URO generated by the process was neutralized with caustic or
ammonia, dewatered in a filter press, dried in a pancake drier, and
drummed for transfer to a licensed uranium mill or to a licensed low
level radioactive waste disposal facility. All of the above URO
processing was performed in building 238.

Step 4: The acid mother liquor was subjected to a two-series
extraction/purification process. In the first series, the C-T mother
liguor was subjected to an extraction process using methyl
isobutylzetone (MIBK) and suifuric acid. This generated a
columbium-tantalum-MIBK stream (organic end) and a raffinate
{aqueous end) consisting of hydrofluoric acid, sulfuric acid, salts (e.g.,
iron, manganese), and residual URO material. In the second series,
the columbium-tantalum-MIBK stream was cortacted with water in a
second extractor 10 separate the columbium from the MIBK phase.
This yielded a tantalum-MIBK stream (organic end) and a
fluocolumbic acid stream (aqueous end). MIBK ~as removed from the
tantalum-MIBK stream by steam stripping, vielding a fluotantalic acid
stream.  The raffinate waste stream was steam stripped to remove
minute quantities of MIBK, and then used to wash columbium and
tantalum acid liquors from the URO and reused as feed liquors for the
solve. extraction step, or was neutralized and discharged to the sewer.
The MIBK was recovered and recycled back inte the process. These
process steps were performed in buildings 246B and 247A. Solvent
extraction was not utilized until approximately 1964. Prior to this time,
the columbium and tantalum are believed to have been separated from
the mother liquor by precipitation.
<15 -
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22

THE COLUMBIUM-TANTALUM (C-T) OPERATION (CONTINUED)

224 Yormer C-T Process and Support Areas (Continued)

2.2.5

Step §: The primary C-T process products were columbium jxide and
potassium fluotantalate salt. Approximately five perceat of the
tantalum product was produced as tantalum oxide. Columbium and
tantalum oxides were precipitated from their respective product
streams (fluocolumbic acid, fluotantalic acid) by addition of ammonia.
Finishing steps included filtration, drying, and calcining. Columbium
oxide precipitation and finishing were performed in buildings 247B and
248. Tantalum oxide precipitation and finishing were performed in
building 238; tray drying was also performed for a short period in
building 236. The potassium fluotantalate salt was precipitated from
the fluotantalic acid stream by addition of potassium chloride,
separated in a centrifuge, and dried in tray dryers. These steps were
conducted in building 238.

Environmental Controls and Waste Management

Process environmental controls employed by the C-T operation
included air emission controls and floor sumps with controlled
discharge to sewers. The emission controls included a dust collector
in the ball mill area, two acid fume scrubbers and an ammonia
scrubber in building 238, and dryer/calciner scrubbers. The C-T
operation was supported by a radiation safety program.

During the C-T operation, decanted wash liquors, raffinate, and C-T
filtrate from the final process steps were discharged to the plant sewer.

16-
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22  THE COLUMBIUM-TANTALUM (C-T) OPERATIC ¥ (CONTINUED)

2.2.5 Environmental Controls and Waste Management (Continued)

The management of URO solids changed with time. Prior to 1975,
URO was discharged to the sewers. Starting in 1975, all URO solids
were drummed and stored on-site. This material was processed
starting in 1980 using the new URO neutralization, filtration and
drying system. All URO processed through this system was drummed
for transfer to a licensed uranium mill or a licensed low level
radioactive waste disposal facility.

In 1972 and 1973, approximately 300 cubic yards of URO were buried
on-site in conformance with 10 CFR 20.304 (Figure 2-10). This
material had been drummed and held for further processing due to
high levels of insoluble tantalum. Because of the high cost of recovery,
only the drums with the highest levels of tantalum were reprocessed
and the rest, which amounted to 300 cubic yards, was buried on-site.

2.3  THE MED-AEC OPERATIONS

23.1

Historical Background

In April 1942, Mallinckrodt, then called Mallinckrodt Chemical Works
(MCW), was selected by the United States War Department to
produce the key uranium compounds used in the first self-sustaining
nuclear chain reactor at the University of Chicago. To produce the
needed uranium fuel, MCW purified uranium ore concentrates by
ether extraction. The company was the sole supplier of uranium
compounds for the Manhattan Project well into 1943 and provided
high purity uranium for the duration of the war.

Within 50 days of accepting the assignment from the War Department,
MCW began producing highly purified uranium dioxide (UO,) at a
rate of one ton per day in Plant 2. Later in 1942, MCW started
production of uranium tetrafluoride (UF, or green salt). In July 1943,
MCW started the first uranium metal plant in the area called Plant 4
(this area is now designated Plant 10). Laboratory and process

17+
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BACKGROUND INFORMATION (CONTINUED)

23 THE MED-AEC OPERATIONS

2.3.1 Historical Background (continued)

232

development support for Plant 2 and 4 activities were provided from
facilities in Plant 1. In 1945, the Destrehan Plant (Plants 6, 6E, and
7 on Destrehan Street, Figure 2-12) was built to process pitchblende
ore and to increase the capacity of the refinery. Plant 6 production
began in 1946. By 1948, the project employed 250 people and
operated approximately $12 million worth of equipment. In 1958, the
plant was put on standby, and the uranium processing was transferred
to the Weldon Spring Plant.

The St. Louis plant manufactured approximately 50,000 tons of
uranium products during the MED-AEC operations. Feed materials
containing approximately 30,000 C: natural uranium and 10 Ci natural
thorium activity were processed between 1942 and 1958.

In 1950 and 1951, the MED-AEC facilities in Plants 1 and 2 were
partially decommissioned. In 1960 and 1961, the MED-AEC facilities
in the former Plant 4 area and the Destrehan Plant were
decommissioned. These decommissioning activities are described
further in Section 2.3.4.

As described in Section 2.4 below, DOE will remediate these facilities
under the FUSRAP program.

Former MED-AEC Process and Support Areas

Figure 2-12 shows the former MED-AEC production process and
support areas, and Figure 2-13 shows a generalized process flow
diagram for the MED-AEC operation. Table 24 lists the feed
materials, other raw materials, products, and byproducts of the MED-
AEC production process.

The production of uranium metal in the Destrehan Plant involved
eight basic process steps: (1) acid digestion of feed material in nitric
acid; (2) adjustment of the the resulting liquor; (3) solvent (ether)

. il »
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BACKGROUND INFORMATION (CONTINUED)

THE MED-AEC OPERATIONS (CONTINUED)

Former MED-AEC Process and Support Areas (Continued)
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'HE MED-AEC OPERATIONS (CONTINUED)
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BACKGROUND INFORMATION (CONTINUED
2.3 THE MED-AEC OPERATIONS (CONTINUED)

o

2.3.3 Environmental Controls and Waste Management (Continued)
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2 BACKGROUND INFORMATIUN (CONTINUED)

2.3 FHE MED-AEC OPERATIONS (CONTINUED)
!

Environmental Controls and Waste Muanagement (Continued)
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20  BACKGROUND INFORMATION (CONTINUED)

Y

24 DEPARTMENT OF ENERGY FORMERLY JTILIZED SITES REMEDIAL
ACTION PROGRAM AND FEDERAL FACILITY AGREEMENT

24.1 DOE’s Formerly Utilized Sites “.2medial Action Program (FUSRAP)
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BACKGROUND INFORMATION (CONTINUED)

DEPARTMENT OF ENERGY FORMERLY UTILIZED SITES REMEDIAL
ACTION PROGRAM AND FEDERAL FACILITY AGREEMENT

24.1 DOE’s Formerly Utilized Sites Remedial Action Program (FUSRAP)

(Continued)

Review of Mallinckrodt’s St. Louis site occurred in 1977, when the
Energy Research and Development Agency (ERDA) commissioned a
study of former MED/AEC activities at the site. This was followed by
a radiological survey completed by Oak Ridge National Laboratory
(ORNL) in 1981. The survey identified residual MED-AEC
contamination above DOE guidelines. In 1992, DOE gave formal
notice in the Federal Register of its intent to Prepare a Remedial
Investigation and Feasibility Study and an Environmental Impact
Stztement for the response action at the St. Louis Site. DOE states in
that notice that the primary objective of FUSRAP is to "identify and
remediate sites where radioactive contamination remains from the
early years of the nations’ (sic) atomic energy program or from other
activities that resulted in conditions that Congress has authorized DOE
to remediate” (57 Fed. Reg. 887, Column 3, Jan. 9, 1992). The Notice
also states that the goals of FUSRAP are to:

(1) Control radioactive contamination at the sites, in
compliance with applicable or relevant and
appropriate requirements for the protection of
human health and the environment, and

(2)  To the extent possible, certify the sites for use
without radiological restrictions following removal
of the contamination.
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DEPARTMENT OF ENERGY FORMERLY UTILIZED SITES REMEDIAI

ACTION PROGRAM AND FEDERAI FACILITY AGREEMENT
(CONTINUED

2.4.1 DOE’s Formerly Utilized Sites Remedial Action Program (FUSRAP)

(Continued)
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BACKGROUND INFORMATION (CONTINUED)

24

DEPARTMENT OF ENERGY FORMERLY UTILIZED SITES REMEDIAL
ACTION PROGRAM AND FEDERAL FACILITY AGREEMENT

(CONTINUED)

2.42 DOE Obligations under Federal Facility Agreement (Continued)

o

All waste, including but not limited to, radiologically
contaminated waste, resulting from or associated with
uranium manufacturing or processing  activities
conducted at the St. Louis Downtown Site, and

Other chemical or non-radiological waste which have
been mixed or commingled with radiologically
contaminated waste resulting from or associated v.ith
uranium manufacturing or processing activities
conducted at the St. Louis Downtown Site.

Many areas at the St. Louis plant have already been characterized and
indicate various levels of radiological contamination from MED/AEC
uranium processing activities. Some of these areas which were used
for MED/AEC processing activities were also used for C-T support
activities. The DOE must remediate these areas pursuant to the terms

of the FFA.

Through implementation of DOE’s FUSRAP goals and objectives and
as required by the FFA, DOE will remediate and remove residual
radioactive contamination at the St. Louis plant in areas where MED-
AEC activities occurred as part of the FUSRAP remediation, in a
manner to prevent any harm to human health and the environment.

29.
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BACKGROUND INFORMATION (CONTINUED)

2.5

PREVIOUS INVESTIGATIONS OF C-T PROCESS AND SUPPORT AREAS

Several previous site assessments have been conducted in Plant § and in and
around the C-T facilities. These have included radiological, chemical and
hydrogeologic investigations, and are summarized below:

In September, 1984, Eberline and John Mathes and Associates, inc. collected
and analyzed subsurface samples from 21 borings in and around building 238
(Reference 10.2). Borings were taken to a depth of 10 feet or bit refusal.
Boring logs indicate that ail soil samples were taken in fill material.

Sixty-four soil samples were analyzed for Ra-226. The average concentration,
with one 560 pCi/g outlier removed, was 4 pCi/g. A total of 9 samples,
collected from six boreholes, had activity greater than § pCi/g.

Gamma logging was performed on 20 of the bore holes. Eberline was unable
10 correlate the gamma logs with the Ra-226 analysis.

Deparument of Energy

In 1988, the DOE contractor, Bechtel National, Inc., performed soil sampling
at eight locations in Plant 5 (Reference 10.1). Soil samples were analyzed for
the radioisotopes: U-238, Th-230, Ra-226, and Th-232. Two samples were
analyzed for specific metals (antimony, arsenic, cadmium, copper, lead,
molybdenum, selenium, tellurium, and zinc). Samples were obtained via split
spoons from the surface to depths up to 20 feet.
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BACKGROUND INFORMATION (CONTINUED)

2.5

PREVIOUS SITE INVESTIGATIONS (CONTINUED)

Department of Energy (Continued)

Elevated U-238 and Th-230 were identified north of building 247, north west
of building 245, and in the street north of buildings 238 and 235. Maximum
U-238 and Th-230 activities were 23 and 55 pCi/g, respectively. Maximum
Ra-226 activity was 150 pCi/g. Maximum depth of elevated activity was 14
feet in the street north of building 235. Thorium-232 was not identified above
guideline values in any of these samples, with the exception of one sample at
8 pCi/l

Elevated U-238, Th-230, and Ra-226 activity were identified northwest of
building 250 at depths up to seven feet. U-238 and Th-230 activity in shallow
samples (0.5-2.0 feet) was 170 and 250 pCi/g, respectively. Activity decreased
with sample depth. Thorium-232 was not identified above guideline values in
these sampies. Bechtel also obtained samples southwest of building 240. The
shallow sample (0 - 2.0 feet) indicated slightly elevated Th-230 activity (6.8
pCi/g). None of the other samples exceeded guideline values. Mallinckrodt
believes that the elevated activity in DOE samples taken west of buildings 240
and 250 is attributable to MED-AEC materi-" .iandling activities in Plant 4
and along Second Street. Mallinckrodt believes that the elevated activity in
DOE samples taken west of buildings 240 and 250 is attributable to MED-
AEC material handling activities in Plant 4 and along Second Street.

.20
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20 BACKGROUND INFORMATION (CONTINUED)

PREVIOUS SITE INVESTIGATIONS (CONTINUED)
Malcoln Pirnie. 1

in 1989, Malcolm Pirnie performed environmental investigations at the
Mallinckrodt St. Louis Plant. Groundwater samples from wells in and
adjacent to Plant § were filtered with a 0.45 micron filter and analyzed for
radionuclides (see Table 2-1). Well locations are shown on Figure 2-7. None
of the samples contained Ra-226, Th-230, or Th-232 activity above 1 pCi/l.

Well W-152, located northeast of building 238, contained U-238 at an activity
of 2.2 pCi/l.

IMA/Eberline

In 1992, TMA/Eberline removed loose contamination from equipment,
interior walls, and floors of selected C-T process buildings in Plant §
(Reference 10.4). Wastes generated from this activity were disposed of as low
level radioactive material at Richland, Washington, Following this removal
activity, TMA/Eberline performed a Preliminary Radiological Investigation
of loose and fixed contamination in selected C-T and Plant § buildings
(Reference 10.5). Eberline performed a walkover gamma survey of Plant §
streets and collected and analyzed limited residue samples. This activity

provides a significant portion of the surface scanning required for the C-T
characterization.

In 1993, Rust Remedial Services, Inc. (Rust) performed a radiological scoping
survey in selected C-T support areas; Buildings 90, 91, and 236 maintenance
shops; Buildings 62 and 213 locker rooms; and Building 250 laboratories

(Reference 10.6). Gross and removable alpha and beta/gamma
measurements were performed.

-30 -
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APPROACH TO C-T SITE CHARACTERIZATION AND DECOMMISSIONING
31 SITE-SPECIFIC CONSIDERATIONS AND OBJECTIVES

Based on the information presented in the prior sections, a site-specific
characterization approach is proposed. The proposal is based on facts related
to the St. Louis site that are important considerations for C-T site
characterization and decontamination and decommissioning (D&D) pursuant
to license No. STB-401:

The areal extent and scale of MED-AEC operations as shown
by historical records, maps, and photographs, as well as the
radioactivity throughput, indicate that virtually all of the
radiological contamination outside the well defined Plant § C-T
process and support areas is derived from MED-AEC
operations and is unrelated to the NRC licensed operations.

The areal extent of the former MED-AEC process and support
areas surrounding Plant 5 (see Figure 2-12), and routes of
contaminant dispersal (e.g. loss during materials transport,
atmospheric deposition, and flooding) suggest that MED-AEC
contamination may have migrated into Plant §,

The DOE is investigating and remediating residual
contamination from the MED-AEC operations under FUSRAP
and in accordance with the terms of the FFA. The DOE will
propose a remedial action for the site and in coordination with
the EPA and with public notice and comment will select and
implement the appropriate remediation activities. The DOE is
preparing a proposed remediation plan which will be
implemented within the next several years.

-31-



30 APPROACH TO C-T SITE CHARACTERIZATION AND DECOMMISSIONING

(CONTINUED)

31

SITE-SPECIFIC CONSIDERATIONS AND OBJECTIVES (CONTINUED)

The presence of MED-AEC contamination at the St. Louis plant, and :he
overlap of the Plant 6 and 7 MED-AEC process areas and C-T support areas
indicate that the plans for C-T site characterization and decommissioning
must seek to limit the potential for conflict, duplication, and inconsistency
between Mallinckrodt’s responsibilities under NRC License No. STB-401 and
those of DOE under the FFA and FUSRAP. Therefore, the objectives
considered in developing the C-T site characterization and decommissioning
plans are as follows:

Develop ducontamination and decommissioning (D&D) goals and
approaches that are protective of human health and the environment
and consistent with applicable NRC, EPA, and state regulations.

Develop practical, cost-effective D&D approaches that limit potential
interference and duplication of effort with DOE's rer-ediation
activities pursuant to the FFA and FUSRAP.

Limit major inconsistencies with the remedial goals and approuches
established by DOE, EPA, #nd Missouri Department of Natural
Resources (MDNR) for remedial work under the FFA and FUSRAP.

3.2 PROPOSED APPROACH AND RATIONALE

To achieve the objectives listed above, Mallinckrodt proposes an approach to
C-T characterization pursuant to NRC License No. STB-401 that addresses
the unique mix of regulatory and technical issues at this facility. The
approach is designed to protect human health and the environment consistent
with NRC goals and accommodate DOE’s FUSRAP activities.

» 32«



3.2 PROPOSED APPROACH AND RATIONALE (CONTINUED)

The proposed scope of the characterization and decommissioning program
involves all C-T processing and support areas in Plant 5 (except as described
in the following paragraph) and certain C-T support areas in Plants 3, 6, 7,
and 8. Although the presence of MED-AEC contamination cannot be
preciuded, the contamination in these areas appears to be primarily related
to the operations under license No. STB-401 or AEC license No. R-226.

DOE has identified radiological contamination in Plant 10 (the former MED-
AEC Plant 4 area) and in areas along Second Street between Angeirodt and
Salisbury Streets. Surficial and subsurface contamination at the northwest
corner of building 250 has been documented by DOE. Mallinckrodt has also
identified radiological contaminants along ‘“e west side of building 250. The
area was used by Mallinckrodt as an employee parking lot prior to building
250 construction. Contamination of thuse areas including the soils beneath
buildings 250 and 240 is believed to be the result of MED-AEC activity
(MED activities in Plant 4 and materials transport along streets and tracks
west of Plant §), and therefore subject to remediation by DOE under
FUSRAP and the FFA. These areas are therefore not addressed in this plan.

Certain of the C-T support areas in Plants 1, 6, and 7 contain widespread
MED-AEC contamunation that is subject to DOE remediation under the FFA
and FUSRAP. Because these C-T support areas will be addressed pursuant
to DOE activities under the FUSRAP program and the FFA, they are not
included in the C-T characterization plan,
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36  APPROACH TO C-T SITE CHARACTERIZATION AND DECOMMISSIONING
(CONTINUED)

i3

CHARACTERIZATION SCOPE

C-T process and support areas are shown in Figure 2-9, and are described in
Table 2-2. C-T areas to be addressed by Mallinckrodt are listed in Tab'e 3-1.
Site characterization will be focused on the former C-T process and support
areas in Plant . The scope will also include: Building 62 (a change room) in
Plant 3; Buildings 90 and 91 (maintenance areas) in Plant 8; C-T incinerator
and adjacent building 101 roof in Plant 6; and the wastewater basin structures
in Plant 7, excluding the soil beneath them. Mallinckrodt believes that the
historical records and recent DOE investigations indicate that the soils
beneath the basins contain MED-AEC residues subject to DOE remediation
under the FFA and FUSRAP (see Appendix A).

Mallinckrodt will perform no further characterization of the URO burial cells
in Plant 6 as the locations are relatively well documented (Figure 2-10) and
surgical excavation and disposal in the decommissioning phase are planned.
An estimated 300 cubic yards of URO are present in these burial cells. DOE
investigations have identified widespread MED-AEC contamination at depths
up to 18 feet. The URO was buried in trenches in this area which will be
remediated by DOE under FUSRAP.

Plant 5 characterization will include affected and potentially affected
structures, subsolls, sewers, gronndwater, and outdoor ore and URO staging
and handling areas. The structw es will include the Plant § buildings listed in
Table 3-1,

The sewer characterization will include affected lines within Plant 5, the lines
connecting Plant 5 to the Plant 7 lift station, and the concrete structure of the
Plant 7 wastewater neutralization basins.

Subsurface characterization will be focused on C-T wet process areas, sewer
lines, and outdoor areas where surface scans indicate the potential for
subsurface contamination. This will be a phased approach with a subsequent,
second phase of subsurface sampling, if necessary.

.34 .
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30  APPROACH TO C-T SITE CHARACTERIZATION AND DECOMMISSIONING
(CONTINUED)

33

CHARACTERIZATION SCOPE (CONTINUED)

The former C-T incinerator in Plant 6 will * characterized as required tc
properly decontaminate, dismantle, and dis s of the structural components
and adjacent pavement within the restricted area. The incinerator stack is
mounted against the west wall of building 101 with the exhaust point emerging
above the roof line. Therefore, the roof of building 101 will be further
characterized to evaluate the presence of potential contamination from former
stack emissions.

Groundwater is not withdrawn for drinking water use in the plant locale, and
Mallinckrodt does not foresee its’ future drinking water use. Groundwater
characterization activities are therefore not included in this plan. It is highly
unlikely that the shallow groundwater beneath the Mallinckrodt site will ever
be used as a source of water for drinking or irrigation. There are several
reasons for this belief:

The Mallinckrodt plant is within the City of St. Louis, which has
an established public water supply system. This system treats
and distributes water obtained from the Mississip~ River north
of Mallinckrodt.

Groundwater beneath the plant and surrounding industrial
areas is not currently used as a drinking water source. There
are no known drinking water wells in the vicinity of .he plant.

Groundwater in bedrock is generally saline and non-potable,
Groundwater in the sandy alluvial unit is locally saline and
generally very hard, with high iron and manganese content.

The Mallinckrodt plant is built on fill consisting of cinders, soil,
rubble and debris. The fill is underlain by clay and silts, which
are underlain by a sand layer of varying thickness and limestone
bedrock. There is insufficient organic soil cover to support crop
growth,
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APPROACH TO C.T SITE CHARACTERIZATION AND DECOMMISSIONING
(CONTINUED)

i3

34

CHARACTERIZATION SCOPE (CONTINUED)

It is reasonable to expect the Mallinckrodt site to continue in
the current industrial land use. If future St. Louis development
were to preclude such land use in the urban areas, likely
alternative uses would include commercial or multifamily
residential. These uses will not result in the withdrawal of
groundwater.

The Mississippi River is located immediately east of the
Mallinckrodt plant and could provide sufficient quantities of
water if the municipal supply were disrupted.

In addition, DOE is investigating and evaluating groundwater under FUSRAP
and the FFA. As previousiy described, MED-AEC activities were performed
to the west, north, and east of the C-T facility. Mallinckrodt anticipates that
a groundwater remedy under FUSRAP, if required, will be of a site-wide
nature and, as required by the FFA, will meet EPA requirements.

CHARACTERIZATION PLAN OBJECTIVES

In support of the ultimate decommissioning of the C-T Site, the main
objectives of the characterization include:

Quantifying the physical and chemical characteristics and the
geographic extent of radioactive contamination in C-T process and
support areas as described above to the degree necessary for
development of the decommissioning and decontamination plan.
Associated non-radioactive constituents will be characterized as
necessary to assess the potential impact on decommissioning and
decontamination waste disposal alternatives.

Quantifying environmental parameters as necessary to allow prediction
of potential human exposure from existing or post-decontamination
radioactive residues.
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30 APPROACH TO C-T SITE CHARACTERIZATION AND DECOMMISSIONING
(CONTINUED)

34  CHARACTERIZATION PLAN OBJECTIVES (CONTINUED)

Supporting evaluation of alternative decommissioning actions and
detailed planning of a preferred approach for decommissioning,
decontamination, and waste disposal.

The approach used to achieve these objectives will ensure that the health and
safety of employees and subcontractors performing the characterization wiil
not be compromised, that the characterization activities will not preduce
environmental damage, that the quality of the data obtained will be
appropriate to the purpose for which they were .btained, and that the
characterization will provide a defensible Dasis on which to design and
evaluate site decommissioning alternatives.

-37.



4.0

SCOPE OF WORK

4.1

RADIONUCLIDES AND CHARACTERIZATION GUIDELINES

4.1.1

Radionuclides of Concern

Based on the knowledge of site operations and the results of previous
radiological assessments, the significant radioactive contaminants have
been determined to be the radionuclides found in natural uranium and
natural thorium. As the C-T plant did not use enriched uranium
material, it is not expected that uranium contamination will be
enriched in the U-238 isotope. However, the uranium and thorium
decay chains are expected to be found in varying degress of secular
equilibrium because of the chemical extraction processes performed on

the licensed material. The isotopes of concern for this characterization
are:

U-238 Th-232
U-234 Th-228
Th-230 Ra-228
Ra-226

Potassium-40 (K-40) is potentially prevalent on the site in
concentrations greater than would be found in nature. This is due to
the use of large quantities of potassium chloride used in the C-T
process and other areas of the Mallinckrodt site. K-40 will also be
included in soil and solid sample analysis.

The presence of other radioactive contaminants will be investigated if
significant activities are encountered in gamma spectroscopy analyses.
Specific guideline values will be determined on the basis of data
obtained through this characterization.
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4.0

SCOPE OF WORK (CONTINUED)

4.1

RADIONUCLIDES AND CHARACTERIZATION GUIDELINES
(CONTINUED)

4.1.2 Characterization Guideline Values

For the purpose of ensuring that the appropriate data are collected
during the characierization, Mallinckrodt will establish a series of
Guideline Values. The guidelines are of primary usefulness in defining
required minimum detectable activity (MDA), detection limit (DL),
accuracy, and precision for field and laboratory instruments to be
employed. These guidelines are reflective of, but not necessarily
identical to the final release criteria upon which the decommissioning
plan is expected to be based. Guideline values have been developed
for each radionuclide of concern and have generally been based on
NRC’s Branch Technical Position (BTP) Option 1 (Reference 10.9)
and Policy and Guidance Directive FC 83-23 (Reference 10.14).

These guidelines apply as "above background" levels.
Surface Contamination Guideling

Surface contamination guideline values will be established for each
support and process building as recommended by the NRC (Reference
10.14). Six surface contamination samples will be obtained from each
building and analyzed to define the presence and distribution of
radionuclides. A gross surface activity guideline will be derived based
upon the relative distribution of radionuclide activity and NRC's
Acceptable Surface Contamination Guidelines (Reference 10.14) for
nuclide groups using the equation:
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40  SCOPE OF WORK (CONTINUED)

4.1  RADIONUCLIDES AND CHARACTERIZATION GUIDELINES
(CONTINUED)

Surface Contamination Guideline (Continued)
Derived Guideline = 1/(f,/G, + ,/G, + ... {,/G,),

where: f, = fraction of total sample activity
contributed by radionuclide "n", and

G, = NRC free release surface guideline value
for radionuclide "n",

Soil C ination Guideli
The BTP Option 1 values were chosen as soil contamination guidelines.
10 pCi/g natural thorium (Th-232 + Th-228)
10 pCi/g natural uranium (U-238 + U-234)
30 pCi/g uranium (U-238 + U-234) (when Th-230 and
Ra-226 are not present at <50% of radioactive

equilibrium)

5 pCi/g Th-230, Ra-226, Ra-228 (when enriched over
equilibrium)
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40 SCOPE OF WORK (CONTINUED)

4.1

42

RADIONUCLIDES AND CHARACTERIZATION GUIDELINES
(CONTINUED)

Direct Exposure Guideline

Ten micro-Roentgens/hours (4R /hr) above natural background at one meter
from the nearest surface is the characterization guideline for gamma exposure
rate measurement. This is the same as the NRC specifies as an acceptable
exposure rate above contaminated land (Reference 10.0 and 10.14). Since is
it most unlikely that any Plant S building will ever be used as a residence, the
same 10 uR/hr guideline will be applied indoors as the basis to derive a
gamma exposure rate measurement sensitivity goal.

IDENTIFICATION OF POTENTIALLY CONTAMINATED AREAS

The C-T process and support areas were separated into affected and
unaffecteu categories to facilitate cost-effective radiological surveying. Areas
with known contamination and areas for which previous surveys identificd
activities in excess of 25% of the guideline values (Reference 10.7) were
identified as affected areas. C-T areas for which there was a low likelihood
of contamination or for which previous surveys identified activities less than
25% of the guideline values were identified as unaffected areas. Each area is
discussed briefly below:

4.2.1 Building Interiors and Roofs

As described in Section 4.1.2 above, surface contamination samples will
be obtained and guideline values will be determined for each building.
The areas will be surveyed as unaffected areas and compared to
guidelines. The areas will be resurveyed as affected areas if any
activities exceeding 25% of the weighted guideline wvalues are
identified.

Some Plant 5 roofs were surveyed during a previous investigation
(Reference 10.5). Additional roof surveys will be conducted as
discussed in Section 5.2.5 below.
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SCOPE OF WORK (CONTINUED)

42

IDENTIFICATION OF POTENTIALLY CONTAMINATED AREAS
(CONTINUED)

4.2.2 Plant 5§ Streets

Eberline performed a 100% walkover gamma survey of Plant § streets
in 1992. The survey identified eighty one areas with surface activity
greater than twice background. The anomalous areas ranged from
single points to areas of 100 ft* or more, though spots and small areas
form the bulk of the anomalous measurements. Seven areas with
surface activity over 100k cpm were identified: north of buildings 246
and 247, east of building 238, southeast of building 238, southwest of
building 238, south of building 250, southeast of building 240, and
southeast of building 245. Direct alpha and beta/gamma

measurements will be taken as described in section 5.2.7.

subsurface soils beneath areas with surface activity in excess of 75% of

the guiizline will be characterized as affecied areas.

4.2.3 Plant 5 Sewers

The Plant 5 sewers (and the soils adjacent to them) serving building
250 and the C-T process areas will be surveyed as affected areas.
Plant 5 sewers connected to manholes containing residues in excess of

25% of the guideline will also be surveyed as affected areas.

£

2.4 C-T Incinerator

The C-T incinerator and adjacent pavement within the restricied area

in Plant 6 will be surveyed as an affected area.
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4.2 IDENTIFICATION OF POTENTIALLY CONTAMINATED AREAS
(CONTINUED

4.2.5 Wastewater Neutralization Basins

was exposed to effluent from
nination in excess of 2
NATE WeTY netalled 1n each
NEers were 1 LdliCu n €ac
B |
liner is not feasible. To

veved as an affected area

of the soils beneath the basins

Subsurface Soils

5 t ~ % 4
1 SITCCIS W

eas above guideline values




50

CHARACTERIZATION PLAN

This section describes the phased approach to be followed regarding radiological
survey work and subsurface sampling to be conducted. It also outlines the data
quality objectives identified for this investigation, along with the planned physical
sampling work and the target schedule.

5.1

DATA QUALITY OBJECTIVES

The purpose of sampling and analysis is to provide analytical measurements
of sufficient quality to support site characterization, dose assessment and a
basis for decontamination and decommissioning as required for termination
of Mallinckrodt’s Source Material License No. STB-401. Towards this end,
field and laboratory analytical data will be generated under a quality
assurance program consistent with MRC Regulatory Guide 4.15 and in
accordance with the guidance provided in NUREG/CR 5849. This process
involves the use of Data Quality Objectives (DQOs) to ensure that data are
of acceptable quality. Data Quality Indicators (DQI’s) are the performance
measurements of DQOs. For this project, the DQI listed below will be used
to direct the sampling and analytical program:

Completeness
Comparability
Representativeness
Precision

Accuracy

5.1.1 Detection/Measurement Sensitivities

At least a minimum number of data points for all determinations shall
be collected 1o enable a statistically valid evaluation in accordance with
NRC guidance (Reference 10.7). The detection and measuremen:
sensitivities for all analytical determinations shall be documented as
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5.0

CHARACTERIZATION PLAN (CONTINUED)

5.1

DATA QUALITY OBJECTIVES (CONTINUED)

5.1.1

512

5.1.3

Detection/Measurement Sensitivities (Continuved)

outlined in the Eberline standard operating procedures describing
these activities.  For laboratory determinations, the minimum
detectable activity (MDA) values for all determinations shali be
calculated as defined by EPA (Reference 10.10), and as listed in Table
5-1. The desired sensitivity for all field measurements is 50% of the
guideline value for that radionuclide.

Field Data Confidence Limits

Radioactivity measurements will have the necessary precision, accuracy,
and lower limit of detection (LLD) to enable data to be presented with
an overall confidence of 95%. Estimates of measurement uncertainty
will include each measurement method, calibration, sampling, sample
preparation, and measurement procedure, as well as random or
counting error.

Reporting Data

Reported radioactivity measurements will include the qualities:
The a~tual measurement, even when a value is < MDA or
< LLD or is negative;
the estimated uncertainty, including counting error;
for non-significant results, the estimated MDA or LLD; and
the decision outcome: detected versus not detected.
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50  CHARACTERIZATION PLAN (CONTINUED)

52  RADIOLOGICAL SURVEYS

As summarized in section 2.14 above, a Preliminary Radiological
Investigation (PRI) (reference 10.5) was conducted in the former C-T
processing buildings in mid-1992, and scoping surveys (reference 10.6) were
conducted in C-T support buildings in May, 1993. The radiological surveys
to be conducted as part of this site characterization will make maximum use
of these existing data to complete the surveys of these buildings.

5.2.1 Building Interiors

A 6-foot grid system will be installed on the floors and mezzanines of
each area requiring additional surveys. The grid will extend vertically
through all floors, walls and ceiling areas. The origin of the grid
system will be the southwest corner of the respective building or room.

Direct radiological measurements for alpha, beta and/or beta/gamma
activity will be taken at each 6-foot grid intersection using
instrumentation in Table 5-2. Removable measurements will be taken
at locations where the direct measurement value exceeds the
established removable criteria.

Table 5-3 summarizes the planned surveys in the Plant § buildings and
in the building 101 incinerator area.
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CHARACTERIZATION PLAN (CONTINUED)

52

RADIOLOGICAL SURVEYS (CONTINUED)

522

523

5.24

Piping, Vessels and other Equipment

Several items of equipment in the C-T buildings were surveyed as part
of the PRL. The remaining vessels and other equipinent in these
buildings will be surveyed during the site characterization work.

Surveying of small diameter pipe is not cost-effective. All pipelines
which are known, suspected or had the possibility of h=ndling
radioactive materials and are 4" or less in diameter will not be
surveyed, and will be considered radioactive waste and managed
accordingly.

Building Exterior Walls

The exterior walls of kPuvar - 213, 238, 246A&B, 7247TA&B and
248A&B will be surveyed on » 6-foot grid for alpha, beta and/or
beta/gamma activity by taking direct measuremenis. Removab..
measurements will he taken at locations where direct measurement
values exceed established surface activity criteria. Buildings 235, 236
and 245 will be surveyed on a 12-foot grid. See Table 5-3.

Building Roofs

Based upon operating history, proximity to C-T operations, and data
obtained during the PRI and scoping surveys, the roofs of buildings
213, (including A and B), 222, 223, 235, 236 and 245 will be surveyed
using a gamma walkover scan. Four sample cores will be taken on
each roof at locations with elevated gamma activity, or at locations
identified in the PRI or scoping surveys for sample analysis and direct
beta/gamma measurements.
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RADIOLOGICAL SURVEYS (CONTINUED)

5.2.4 Building Roofs (Continued)
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50 CHARACTERIZATION PLAN (CONTINUED)

52 RADIOLOGICAL SURVEYS (CONTINUED)
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5.0

CHARACTERIZATION PLAN (CONTINUED)

52

53

RADIOLOGICAL SURVEYS (CONTINUED)

52.7

Wastewater Neuiralization Basins

A surface gamma walkover scan will be conducted across each of the
two basins. One square foot sections of the liner will then be
removed, and c.rect measurements for alpha and b ‘a /gamma activity
will be taken at 30 locations (15 in each basin) .2 areas with the
highest gamma activity. Core samples will also be taken in this area
as described in section 5.3.4 below.

SAMPLES FOR RADIOLOGICAL CHARACTERIZATION

Previous subsurface radiological sampling in Plant 5§ was summarized in
Section 2.5. Additional subsurface soil sampling will be conducted as part of
this characterization to determine the nature and extent of subsurface
contamination resulting from past C-T operations.

5.3.1

Methodology

In accessible areas, continuous samples from boreholes will be
collected by stainless steel split spoon samplers advanced ahead of
hollow stem augers. Sampling spoons will be decontaminated before
and after each sampling event. Boreholes will proceed to the interface
with undi-turbed soil and two to three feet into undisturbed soil, with

10% of the borings advanced an additionai 15 feet into the natural clay
strata.

Each borehole will be logged with a gamma scintillation detector (Nal)

to determine the presence of gamma emitting radionuclides in the soil.

This information will be used to assist in guiding further .rilling

activities and in the selection of samples to be analyzed. All borings

will be logged by a qualified geologist. Sample collection and

equipment decontamination will follow procedures in TMA /Eberline
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50  CHARACTERIZATION PLAN (CONTINUED)

53 SAMPLES FOR RADIOLOGICAL CHARACTERIZATION (CONTINUED)

53.1

Methodology (Continued)

procedure 4.A.2 (Reference 10.12). An enclosed decontamination area
will be constructed to ensure that contamination is not spread during
decontamination of sampling equipment and to collect the
decontamination residues in an orderly manner. Drill spoils and
decontamination wastes will be collected and drummed for on-site
storage. See Section 8.0.

Certain sample locations inside buildings may be inaccessible to the
drilling rig. In these cases, a coring machine will be used to drill a
hole thorugh the concrete floor, and a hand auger or skid mounted
drill rig will be used to obtain soil samples to a maximum depth of
eight feet.

All samples will be labeled and retained subject to chain-of-custody.
Samples not sent for analysis soon after collection will be archived for
potential future analysis. The initial soil or fill samples sent for
radionuclide anlaysis will be selected in accordance with Table 5-§
from areas exhibiting elevated gamma activity, if any. Regardless of
activity level detected by gamma logging, samples will be selected for
radionuclide analysis in all borings from near ground surface and in
the top of the undisturbed alluvial material. From all the deep
borings, additional samples will be sent for radionuclide analysis from
a depth about 15 feet into the alluvial material in accordance with
Table 5-5. When selecting the actual samples from these depths to be
analyzed, preference will be given to finer-grained material, i.e., silt
and or clay, rather than coarser-grained material, i.e., sand.

Samples will be analyzed for radionuclides, as specified in Section 6.0,
and for chemical properties, as described in Section 5.7.
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50  CHARACTERIZATION PLAN (CONTINUED)

53  SAMPLES FOR RADIOLOGICAL CHARACTERIZATION (CONTINUED)

5.32 Building Interiors

533

534

Subsurface samples will be collected for radiological analysis inside
buildings 238, 246B, 247 A and B, and 248. Table 5-5 shows the
number and depth of samples to be taken, along with the total number
of alpha and gamma spectroscopic analyses to be performed.

Figures 5-1 through 5-3 show the locations of the subsurface samples
to be collected in these buildings.

Plant § Streets

A total of 32 boreholes will be drilled along sewer lines and at
locations of high gamma readings determined during the PRI. The
locations of these borings are shown on Figure 5-4. Table 5-5 shows
the number and depth of the samples to be taken, along with the total
number of alpha and gamma spectroscopic analyses to be performed.

Other Samples

Several o.tcr samples will be collected for chemical/radiological
characterization, including the following:

Roof Cores

A minimum of four core samples of roofing material will be collected
on the roofs of buildings in Plant 5 at locations corresponding to the
two highest and two lowest survey measurement readings. If the core
samples show that the survey did not identify areas of contamination,
additional samples will be taken on a 12-foot systematic grid and at
other biased locations that exhibit elevated direct measurements.
Table 5-4 summarizes the planned roof coring activity.

hn
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50  CHARACTERIZATION PLAN (CONTINUED)
§3  SAMPLES FOR RADIOLOGICAL CHARACTERIZATION (CONTINUED)

5.3.4 Other Samples (Continued)

Sewer Line Manholes

Sewers which carried process effluent will be sampled at all manhole
access points. This includes the sewer lines servicing buildings 235,
236, 238, 247, 248 and 250. Other access points that could collect
runoff from ore storage and handling east and south of building 235,
and east of building 213 will be sampled. This sampling will follow the
sewer line until it reaches the wastewater basins in the Plant 7 area.
A sludge sample will also be collected from the Plant § lift station at
the wastewater basins in Plant 7. Figure 5-7 shows the locations of the
manholes to be sampled, and Table 5-5 summarizes the Plant § street
inlets and sewer manholes to be sampled. Each sample will be
analyzed by gamma spectrometry for radionuclide concentration.

Following the alpha and beta/gamma survey described in section 5.2.7,
two concrete core samples will be taken from each basin at locations
with the highest direct readings. These cores will be sliced, and direct
measurements taken to determine the depth of contamination. These
cores will then be analyzed for the radionuclides described in Section
6.0.

Samples of surface contamination on concrete and brick will be
collected and analyzed for relevant radionuclides to determine average
surface release guidelines. A minimum of six samples each will be
collected from buildings 90/91, 62, 213, 238, 246, 247 and 248.

These samples will be analyzed for the radionuclides described in
Section 6.0.
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CHARACTERIZATION PLAN (CONTINUED)

54

BACKGROUND DETERMINATION

Guidelines for residual radioactivity at sites undergoing D&D are presented
in terms of radiation levels, or activity levels, above natural background for
the area, or facility. It will therefore be necessary to perform background
determinations to measure both direct radiation levels and the concentrations
of the potential radionuclide contaminates in constructions materials, soil, and
groundwater in the vicinity of the site. Background is determined by
measurements and/or sampling at locations on site, or in the immediate
vicinity of the site, which have been unaffected by site operations. The soil
matrix beneath the C-T Plant contains coal cinders, brick, rubble and various
soils and clays. Since much of the fill is cinders and clays having naturally
occurring radionuclides, a background will be determined for each of these
materials by sampling cinders and natural clays upgradient of the facility.
At least six samples of each will be collected for analysis.

Construction materials of interest consist mainly of bricks in the C-T plant
buildings. Six bricks with low activity will be surveyed and removed from C-T
plant buildings for analysis. Each brick will be cut in half to expose fresh clay
material. Direct alpha and beta/gamma measurements will be taken on the
cut face of the brick. The alpha and beta/gamma activity will be averaged
and used as natural background for bricks in C-T plant buildings. Samples
will also be analyzed for radionuclide concentrations. This will be done in
other buildings as applicable.

Concrete and asphalt surface backgrounds will be established at six locations
off site.

Gamma exposure rates will be measured at six locations off site using a
Pressurized lonization Chamber (PIC) and reported in microR /hour.
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CHARACTERIZATION PLAN (CONTINUED)

54

5.6

BACKGROUND DETERMINATION (CONTINUED)

Background determination methods are presented in TMA/Eberline
procedure 3C.2 (Reference 10.13).

EXPOSURE RATE MEASUREMENTS

Gamma exposure rates will be measured for characterization purposes in
certain background areas (Section 5.5) and in all unaffected areas.

Exposure rate measurements for health and safety considerations are reflected
in the site characterization health and safety plan.

CHEMICAL CHARACTERIZATION

This section describes the sampling and chemical constituent analyses to be
performed to characterize soils, which may be disposed during the D&D
activity. Of interest is whether soils will need to be disposed of as hazardous
and/or mixed waste. Based on the chemical nature of the materials used in
the former euxenite and C-T processes, however, it is unlikely that mixed
(RCRA hazardous and radioactive ) waste will be discovered as a result of the
planned chemical characterization activities.

5.6.1 Constituents of Concern
In addition to the ore feed materials, the majority of the chemicals
used and handled in both the euxenite and C-T processes was

inorganic in nature. One organic chemical was used in a solvent
extraction step in the C-T prozess.
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CHARACTERIZATYON PLAN (CONTINUED)

5.6

CHEMICAL CHARACTERIZATION (CONTINUED)

5.6.1

Constituents ¢f Concern (Continued)
Inorganics

Hydrochloric acid was used for digestion of the euxenite ore slurry, and
mixtures of ammonium biflouride sulfuric and hydrofluoric acids were
used to dissolve columbite and tantalite ores.

From a potential mixed waste standpoint, the only inorganic
constituents of concern are the trace metals (cadmium, chromium, lead
and selenium) which were contained in the ore feed materials.
Additional RCRA metals not associated with the C-T process,
hcwever, will be analyzed in selected samples to complete the mixed
waste characterization of the subsurface in the Plant S area.

The only other inorganic parameter of concern is the hazardous
characteristic of corrosivity of building floors and subsoils due to
potential spills and leaks of the acids used in the process.

Qrganics

Methyl isobutylketone (MIBK) was the only organic chemical used in
the C-T process, and it was used in relatively small quantities. MIBK
was used only in buildings 246B and 247A for solvent extraction
purposes. Following extraction of the C-T product streams and
subsequent steam stripping of tantalum-MIBK mixtures, the MIBK
fraction was decarted, and the MIBK rich stream recycled to the
process.
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5.6

CHEMICAL CHARACTERIZATION (CONTINUED)

5061 l

Constituents of Concern (Continued)

Qrganics (Continued)

If MIBK is discarded as a spent solvent, it is a solid waste that is
regulated under RCRA as a listed hazardous waste (EPA Hazardous
Waste No. F003). MIBK is also a listed hazardous waste if it is
deemed a discarded commercial chemical product (EPA Hazardous
Waste No. U161). Because the MIBK used in the C-T process was
recovered and reused consistent with one or more exemptions in the
RCRA regulations, it never became a "solid waste” to which the F003
or U161 listings could apply. Similarly, the water phase from the
decanter came into contact only with MIBK which was performing its
process function and which was not a "waste" at the time; therefore,
the decanter water that was sewered did not contain a listed hazardous
waste and was not regulated as a listed hazardous waste under RCRA.

Based on the above, if any soil or groundwater at the C-T plant
contains MIBK residues (which has not ben shown to date), the soil or
groundwater would not need to be addressed as lsied hozard. vs woste
under RCRA.

It is likely that low concentrations of methyl ethyl ketone (MEK) were
contained as an impurity in the MIBK. MEK is included on the
RCRA Twici; Characteristics (TC) list. MEK will therefore be
analyzed in subsurface samples taken in the building 246/247 area.

As with the inorganic constituents discussed above, the remainder of
the organic constituents on the TC list will be analyzed in selected

samples to complete the chemical characterization of the subsurface
in the Plant § area.
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56

CHEMICAL CHARACTERIZATION (CONTINUED)

5.6.2 Samples To Be Analyzed

Subsurface samples will be collected and analyzed for chemical /mixed
waste characterization as noted above. In general, the samples
collected for chemical characterization will be obtained from the same
boreholes as those collected for radiochemical analyses. Table 5-6 lists
the specific chemical analyses to be performed.

ide Buildi

Subsurface samples will be collected and analyzed to determine both
lateral and vertica: delineation of potential chemical contamination.
Samples of the fill materials (slag, gravel, brick, sand, cinders and silty
clay) and undisturbed soil will be obtained. Based on previous
subsurface investigations in the Plant 5 area (Reference 10.1), the
thickness of the fill ranges from 14-18" below grade.

Building 238. Figure 5-1 shows the location, and Table 5-5 the
depths of the samples to F2 collected.

Building 246 and 247. Figure 5-2 shows the location of the
boreholes in buildings 246B and 247 A&B, and Table 5-5 shows
the depths of the samples to be collected.

Building 248. Figure 5-3 shows the location, and Table 5-5 the
depths of the samples to be coliected.

Plant S Streets

Figure 5-4 shows the approximate location, and Table 5-S the depths
of the samples to be collected. These locations will check potential
subsurface chemical contamination as a result of sewer leakage and
other spills and leaks of plant used materials.
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CHEMICAL CHARACTERIZATION (CONTINUED)

Analytes and Parameters (Continued)
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6.0 RADIOLOGICAL ANALYTICAL TECHNIQUES
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6.0 RADIOLOGICAL ANALYTICAL TECHNIQUES (CONTINUED)

6.1 GAMMA SPECTROSCOPIC ANALYSIS (CONTINUED)
\

tha I . 1 . al v

g collect )t subsurface samples, the TMA/Eberline Oak Ridge

DOratlory wiil anailvze se:iect sampies i a wet }‘(‘(!!]H",f‘\ tO assist the
IMA /Eberline site

Nanage ] ine 1aent

1 lentification of borehole dt';\(h\ and
) I'MA /Eberline has used this technique extensively on previous site
) ] cts as a screening method to assist field
6.2 ALPHA SPECTROSCOPIC ANALYSIS
( ; pic e conducted on all samples
water and | ling Samj W wdergo specific chemical
CE . upha spectroscopy. TMA /Eberline will
1% ed Digi . with customuzed Canberra Genie
d process all sampies undergoing alpha spectroscopic
'he detectors used by TMA /Eberline for this analysis are Canberra
( Reports will be issued presenting radioisotopic
d ! er pt pLi/g. A two standard deviation
g ¢ W the analytical result, and also presented
rementioned unit I'he alpha spectroscopic analysis wili report
] ¢ ( iranium for approximately 1(%
b b COD [es f
6 KADIOLOGICAL INSTRUMENTATION
: i€ ning xed conta i
¢ ted in Table 5-2 I
i { field data collection
{ n S0 it the appr pI ¢
£ vity levels for each instrume
¢ ker 110 I will be evaluated




6.0 RADIOLOGICAL ANALYTICAL TECHNIQUES (CONTINUED)

6.4 QUALITY ASSURANCE/QUALITY CONTROI

rform field work in accordance with the QA/Q(

IMA /Eberline wil perio

equirements of the American National Standard (ANSI) N-323-1978,
Radiation Protectis Instrumentation Test and Calibration”, and the
IMA /Eberline’s Corporate Qu ity Assurance Pwmumv (Reference 10.8)

6.4.1 Field Instrumentation

be calibrated in the TMA /Eberline

eig CU W we Cai

Shop against NIST traceable cli.ck sources
e ca v d and maintained on-site for all cquipment
A e recs § the TMA /Eberline Instrumentation

N
Background and response checks will be performea on field
' entation at eginning and end of each day in the field
Response chech igree within + 20% of the calibrated efficiency
If resg e checks utside this range, the instrument will be tagged
¢ ed to the TMA /Eberline Instrumentation
Oak Ridge, TN. Check sources used in the field are NIST
ertificates will be mainiained on-site for the check
{ KETH Id and response




60 RADIOLOGICAL ANALYTICAL TECHNIQUES (CONTINUED)

QUALITY ASSURANCE/QUALITY CONTROL (CONTINUED)
6.4.2 Duplicate Field Measurements

will be taken on 1 in 20
nd beta/gamma readings
the site manager, or selected

Y, - 11 1 s
Measurements will be recorded and

1l be performed

Data Review

Audits

-
1 assignments shall visit

program activities

6.4.5 Sample and Document Custody Procedures

!




6.0

RADIOLOGICAL ANALYTICAL TECHNIQUES (CONTINUED)

6.4

QUALITY ASSURANCE/QUALITY CONTROL (CONTINUED)

6.4.5 Sample and Document Custody Procedures (Continued)

completed for each set of sampies. A line item on the sample’s chain-
of-custody form will be completed for each sample, and the sampling
technician will confirm that information is complete by signing the
form.

The original Field Sample Collection Form with samples is to be
shipped to the laboratory. Personnel at the laboratory (or location
which receives the sample) will acknowledge receipt of the sample on
the next line of the Chain of Custody box by their signature in the
‘received by" column, and by entering the date and time the sample

was received.

A copy of the Field Sample Collection Form shall be sent to the Qak
Ridge Project Office by the TMA/Eberline Site Supervisor (or
designee). A copy of the Field Sample Collection Form is retained for
on-site records,

Upon receipt of samples in the laboratory, receiving personnel shall
acknowledge this shipment by completion of appropriate information
in the Chain of Custody section of the Field Sample Collection Form.
The laboratory will also note within the remarks section of this form
if custody seals have been violated. In addition to completing the
Chain of Custody section of the Field Sample Collection Form, the
laboratory stamps the form with a received date stamp, and on the
back of the form with a sample receiving informa.’on stamp. The
sample receiving information stamp requires: (1) condition of the
shipping container, (2) condition of samples, (3) presence or absence
of custody seals, (4) presence or absc:ce of Chain of Custody and
airbill, (5) notes by inspector of shipment, (6) person performing
inspection of the shipment, and (7) the date.
187 =



6.0 RADIOLOGICAL ANALYTICAL TECHNIQUES (CONTINUED)

6.4 QUALITY ASSURANCE /QUALITY CONTROL (CONTINUED)

6.4.6 Laboratory Quality Control

\ ! . s aviilrani - oo 1
Work performed by laboratories will ;\CZIHH‘:. ‘}’;‘.{f\.. blanks, and

¢

samples. Each set of samples wil

4 2 anl. T r > 1 11 3 > i »
NK and Spike periormed IThere will be at least

Ip count pertormed, or 10% of the sampies based on the

All instruments will be calibratec
1
%




DECONTAMINATION TESTS

Deconramination tests will be performed to evaluate candidate methodologies and

\ determine decontamination costs, methodology and wastes which will be generated
during the decommissioning phase. The tests will evaiuate decontamination

ectiveness and the cost of conducting the decontamination, including labor, waste

generated, packaging, transportation and disposal costs

in brief, the tests will include: designating a specific area and type of surface

\ concrete, metal, brick, etc.) ;‘&";’TH'TTW.TT& ;“"L—(,f(,'-.‘YY':!d"ﬂH'HlU(}ﬂ surveys, testing ot

ditte pes ani utions of decontamination techniques, pertorming post
3 e & 1 i & i 4 . $ 4 ia . 117} T o u
€ 111 i veVs, and evaluaton of gata for decontaminaticn factors, waste
A\ 5\ S - L in -,"
I 1 N b

ihe following decontamination technigques will be tested: wire brush (manual
cleaning); scabbling (mechanical cleaning), grinding (grinding and abrasive action);
grit biasting (abrasive blasting); and chemical extraction. The parenthetical

scriptions are the analogous descriptions as found in Appendix B, Description of
Decontamination Tests ihis Appendix provides greater detail regarding the

econta ation methods with respect to cost, personnel safety, and general




WASTE MANAGEMENT
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WASTE MANAGEMENT (CONTINUED

EQUIPMENT DECONTAMINATION WASTES

CONTINUED)
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8.0 WASTE MANAGEMENT (CONTINUED)

8.3 DECONTAMINATION TEST WASTES
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9.0

ADMINISTRATION

This section describes the overall administrative aspects of implementing this plan,
including the project organization, and health and safety requirements.

9.1

92

ORGANIZATION

The implementation of this plan will be administered and managed by
Mallinckrodt. TMA/Eberline will serve as the prime radiological contractor,
and will be responsible for the safe, timely implementation of this plan.
Eberline will be supported by experienced radiological consultants (contracted
by Mallinckrodt) to assist in data interpretation (including QA/QC), and by
a drilling firm who is licensed in the State of Missouri and familiar with the
St. Louis plant.

Figure 9-1 shows the C-T characterization plan implementation organization.

Thomas J. Byrd is the site Radiation Safety Officer (RSO). Mr. Byrd's
experience and qualifications are summarized in Appendix D.

HEALTH AND SAFETY

The health and safety of all personnel associated with the field activities of
this characierization plan is a key project goal.

A site specific/field activity specific health and safety plan has been prepared
for this project. This plan, which shall be strictly followed during all phases
of the field work, s contained in Appendix C. This plan outlines and
evaluates all potential health hazards, and addresses each with specific
personnel protection and monitoring requirements.

All personnel involved in actual radiological survey work, media sampling,
decon tests, borehole drilling, etc., will be trained as outlined in 29 CFR
1910.12, and will be required to be familiar with and adhere to all applicable
provisions of this health and safety plan.

% P



9.0

ADMINISTRATION (CONTINUED)

923

TRAINING

Due 10 the potential health hazards associated with remedial investigations
and remedial action, personnel will be informed of any health risks prior to
assignment. Training programs, medical assessment programs, and the need
for personal protective equipment will be discussed with the site employees.

Site orientation and training shall be provided by the TMA/Eberline Project
Manager or Industrial Hygiene Specialist. —This individual shall be
experienced in field operations and familiar with the safety and heaith
program. Through daily interactions with the site staff members, the Project
Manager commuiicates, implements and enforces the safety and health
program,

All site employees must have received 40 hours of preassignment training
consistent with 29 CFR 1910.120 (e)(2). Each employee must also have eight
hours of annual refresher training = TMA/Eberline will provide
documentation of worker training before work begins at the C-T plant.

Before commencing site activities, each assigned individual shall be instructed
of any potential hazards in the work area, exposure pathways by which toxic
materials may enter the body, specific measures to prevent or reduce exposure
to radioactive materials and/or chemicals, proper maintenance and usage of
safety equipment and personnel protective equipment, avoidance of unsafe
work practices, emergency procedures and good housekeeping.

Personnel will also be required to fulfill Mzllinckrodt training requirements
to work at the site.

.
:
.74 -



90  ADMINISTRATION (CONTINUED)
9.3 TRAINING (CONTINUED)

Weekly meetings shall be conducted which will serve as continuous safety
training. Topics discussed will provide information on hazardous situations,
identification of problems and preventive measures. The extent of safety
training shall be adequat2 to cover OSHA General Industry Standards (29
CFR 1910) and Construction Standards (29 CFR 1926). Site Specific training
includes, but is not limited to, the topics licted in Table 9.1

Training records which include dates of instruction, curriculum, and copies of
certificates shall be maintained in each employee’s individual permanent
personnel file, in Oak Ridge, TN. Training records for contractor personnel
shall also be retained in a permanent personnel file.

o N5
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Well Well Well Well
Anglytical W-128 W-151 W-152 B16W03S
Parameter (pCi/L) @eCi/L) @Ci/L) (pCI/L)
Total Uranium <73 <71 <76 <8.6
Uranium-238 2.3 2.6 2.2 44
Radium-226 <1 <1 <1 <1
Thorium-230 <1 <1 <1 <1
Thorium-232 <] <] <] <1

(1)  All groundwater sampies were filtered with a 0.45 11.cron filter
and preserved 10 a pH of 2 or lower with nitric acid.

(2)  Uranium and Thorium: EPA Method 520/5-84-006, 00-07;
Radium: EPA Method 600/4-80-032, 903.1

_Analytical Resuits (1), 2), (3}
Well Well Well
Analytical BI6W03S  BI16WO4S B16W128
Parameter (pCi/L) pCi/L) (pCi/L)
Total Uranium <3to <3 <310<3  §
Radium-226 0310 0.6 031013 04
Thorium-230 0.2 to 0.6 <0.1t008 0.2
Thorium-232 N/A N/A <0.1

(1) Uranium: Fluorimetry EML-U-03.
Radium: Radon emanation: EPA Method 903.1.
Thorium: Alpha spectrometry EML-Th-03 (modified).

(2)  Wells BI6WO03S and B16W04S were sampled quarterly from July 1988 to
April 1989. Analytical results represent the historical range of values from
four sampling events. The data are from "DOE Radiological, Chemical, and
Hydrogeological Characterization Report for the St. Louis Downtown Site in
St. Louis, Missouri," dated September 1990 (prepared by Bechtel National,
inc.)

(3)  Well BI6WI12S was sampled once during the fall of 1992, The data are from
"DOE Remedial Investigation Addendum Report for the St. Louis Site," dated
May 1993,



FTABLE 2.2
C-T PROCESS AND SUPPORT AREAS

Location




TABLE 2-3

C-T CHEMICAL RAW MATERIALS

wr



TABLE 2-4

MED-AEC FEED MATERIALS, OTHER RAW MATERIALS,
PRODUCTS, AND BYPRODUCTS



TABLE 2-4 (CONTINUED)
s AN : ;

UO, (orange oxide)

U0, (black oxide)

UF, (green salt)

U-metal (ingots, derbies, billets, buscuits, dingots, etc.)
Uranium Nitrate Liquor produced from U,0O,

Molybdenum- or zirconium-uranium alloy (biscuits or ingots)
U-metal produced from slightly enriched UF, (< 1.035 weight
% U-235)

UO, from slightly enriched UO, (<0.9 weight % U-235)
Uranium product from slightly enriched UF, (< 1.3-1.6 weight
% U-235)

Uranium Derbies containing niobium or molybdenum

Ingots produced from depleted derbies from other MED-AEC
sites

UO,F,



' TABLE 3-1
' C-T CHARACTERIZATION PLAN
' Location Use
l Plant No. 3 Area
' Building 62 Locker rooms
Buiiding 213 Locker and break rooms
' Building 235 Feed material/URO storage in eastern half of building
Building 236 Maintenance area, product drying
' Building 238 Cb-Ta ore grinding, dissolving and processing; Ta
precipitation, separation, drying
' Building 246A Offices
Building 246B Solvent extraction
Building 247A Solvent extraction and product storage
. Building 247B Cb precipitation, filtration and drying
Building 248 (d precipitation, filtration, drying and calcining
l Building 248, West Yard Former location of C-T incinerator
Building 250 Giffices, locker room and laboratories
' Streets and Yards Feed material staging and URO handling
Sewers C-T and building 250 sewers and line to Plant 7 lift
l station
Elﬁﬂl \';1 ! 3[:5 "
. Building 101 Area UF.O burial cells/storage
' Building 101, West Yard C-T inunerator and buildins 0" roof
. Wastewater Basins Concrete structure only
e
l Buildings 90, 91 Maintenance shops




REQUIRED SENSITIVITY FOR LABORATORY ANALYSES
' Radionuclide Guideline Value Required Sensitivity
Alpha Gamma
Natural Th 10 0.5 1.0
' (Th-228/232)
Natural U 10 0.5 5.0
' (U-234/238)
Th-230 5 0.5
' Ra-226 5 0.5 1.0
NOTE: All values in pCi/gram




l TABLE §-2
' INSTRUMENTATION FOR CHARACTERIZATION SURVEY
' Survey Type Instrument Detector Units
l Direct Beta/gamma ESP-2 GM Detector DPM
' Direct Alpha ESP-2 ZnS Scintillation DPM
. Exposure Rate Reuter- Pressurized lonization uR/Hr
Stokes Chamber
Removable Alpha SAC-4 ZnS$ Scintiliation DPM/100¢m?
' Removabie Beta/ ESP-2 GM Detector DPM/100cm?
' Gamma
NOTE: Tables 5-3 and 5-4 list the buildings planned for
' radiological surveys.
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Note 1;

TABLE 5-4
BUILDING ROOFS

BUILDING RADIOLOGICAL SURVEY CORE SAMPLES
101 Alpha/Beta/Gamma(2) 4
200E Alpha/Beta/Gamma (1)
200W Alpha/Beta/Gamma (1)
204 Alpha/Beta/Gamma (1)
213 Gamma -
222 Gamma B
223 Gamma “
235 Gamma +
236 Gamma 4
238 None 1
240 Alpha/Beta/Gamma B
245 Gamma 4
246A None 2
246B None 2
247A None
2478B None 2
248 None -
250 Alpha/Beta/Gamma(2) 4

Roof to be cored cnly if elevated activity is determined.
Surveys to be conducted on 6’ grids.



TABLE §-§
SAMPLE
. LOCATION UMBEBS.&.QEEIHS_QLSAMELES_LD__
' Bldg. 238 B-1t07 7 7 4 1 19
Bidg. 246B B8t 9 2 2 4
Bidg. 247A B-10 to 11 2 2 .
' Bldg. 2478 B-12 to 13 2 2 4
Bldg. 248 B-14 to 16 3 3 ] 7
Plant §
Streets B-17 10 49 32 32 25 5 94
l Plant §
Sewer
' Manholes MH-1106 L.
' Total Number of Samples = 138
Total Gamma Spectroscopy = 138
Total Alpha Spectroscopy = 138
NOTE: 1. These depths are approximate. The actual depths at which samples will be

taken depend on spoon recoveries achieved and the actual depth of
undisturbed soil at the specific drilling locations.




i
' TABLE 5-6
' SAMPLE SAMPLE e ANALYTE SUITES/SAMPLE DEPTHS
DESIGNATION  LOCATIONS A B C D
. B-1to7 7 1,2 3
' B-8 10 11 4 1,2 3
B-12 to 16 5 1,2
' B-17, 19, 21 3 1,3 1,3
' B-22 to 24 3 13 2 1,2
B-25 to 29 5 1,3 1,2
' B-30 to 32 3 1,3 12
§ B335 4 1,3
B-38, 40, 42, 44 4 1,3 1,2
' MH-1, 4,6 3 (3)
' TOTALS 4] 57 24 36 12
l ANALYTE SUITES SAMPLE DEPTH LECEND
. A = C-T Metals Pb, Cd, Se, Cr 1 = 1-2° depth
B = All Eight TC List Metals 2 = 7-8 depth
' C = Ten TC List Volatiles 3 = 20-22' depth
l D = 10 TC List Volatiles & 13 Semi-Volatiles 4 = 30-32' depth
E = Corrosivity Characteristic
B
¥
¥

63



TABLE 9-1

SITE SPECIFIC TRAINING
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EQUIPMENT LOCATION TABLE
FIRST PLOOR MAIN BUILDING
EQUIPMENT NUMBER | REMARKT
B |24 0t TANK A
Slegt | 8 0 TANK T-I
FEREX TANK 8.
35 #1085 A TANK 3402
@ @ 30 | 98 f TANK T~343
| l 9 M | BEN TANK 3315
: R ettt BH | B R TANK T~ 361
| | B R | 27 ft | PRESS-PAN TAZ08 420-11
i : niwon TANR T-337
| 4 n 020 TANK §2
| { 63 f (W02 ” TANK g2
| | 75 1 102 R TANK #
B0 1 | 90 #t DRYER 412-83
' ‘ BALL MILL ROOM
o e i S S S By w2 36 M| 14 R BALL MiLL, 450-11
o tabe s ik aamn - | ¢ i 2% 120 BALL MILL A
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4':}""" " l BQUIPMENT NUMBER | REMARKS
‘ -8 (14 % 22 7 | DESPATCM OVEN A
| s {} 138122 0] DESPATON OVEN 8
‘ ! 36 % | 15 K IMOTOR EXMALATION VENTS
G o 1 CALCINER ROON
4 \ E 0 el | EQUIPMENT NUMBER | REsaRks
R A a—res 3. .
13317 | : 3K TR DUMPER TANK T0P
1*;1\ } 6K |1Sn BLENDER MACHINE
S T s METAL DISSOLVER ROOM
|
| | | BQUIPNENT NUMRER REMARKS
- e T w Bf | 120 DISSOLVER TANK £
\ 71N /i( i \\\ \ NOTES:
| : ) { A ! 1. ALL DIMENSIONS WERE TAKEN FROM THE
;i ¢ ‘{"‘4*""7! : SOUTHWEST CORNER OF THE SUILDING
\ | / -y o OR ROOMS (SEE PLAN)
e il e o S — . P — — —
il 2 T & i Hhe 2. ALL DIMENSIONS ARE FOR REFERENCE
| 3401 | 3402 | ONLY.
1 SHADED ECUIPMENT INDICATES SURVEYED
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CHARACTERIZATION PLAN

, 1994
T . PR Mar Apr May Jun Jul Aug Sep Oct
TMA/E MOB 1.20 w £
BACKGROUND SURVEY 1.00 w =
SEWERLINE SURVEY 1.00 w =
LAB ANALYSIS - ALL SUMPS 21.00 w
SUBSURFACE INVESTIGATION 5.00 w e
RIG 1 5.00 w e
RIG 2 5.00 w TR
RAD SURVEYS 10.00 w| T R S A
ROOFS 2.00 w e
EXTERIOR WALLS 2.00 w e
INCINERATOR & B101 ROOF 0.50 w! s
STREETS 1.50 w! £
INTERIOR/EQUIPMENT 3.00 w| emame
BLDGS. 90/91, 62 3.00 w. e
TEST DECONTAMINATION 2.00 w £
ADDITIONAL. DRILLING 3.00 w s
DRAFT REPORT 10.00 w| TR
REVIEW REPORT 4.00 w E
FINAL REPORT 4.00 w R
Printed: 10/Jan/94
Page 1 FIGURE 5-6
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APPENDIX A

MED PLANT OPERATIONS DESCRIPTION

Plant 1and 2 - Ba,  <rations

Uranium dioxide processing from ore concentrates began in 1942 in Plant 2. Facilities for
batch production were installed in buildings SO, 51, S1A, and 52 (Figure 2-12).

In 1942, laboratory development ~as conducted in Plant 1 in the building 25 laboratory
and in the alley between buildings K-1-E and 25 (Figure 2-12). The original feed materials
were ore concentrates from Canada consisting of uranium black oxide, U;O4 The
concentrates were produced at off-site uranium mills and were free of radium and its decay
products.

The U,0O, was digested in nitt.  .id in building 51, producing uranyl nitrate. This was
transferred to building 52 and purified by ether extraction to yield pure uranyl nitrate
hexahydrate (UNH). In building 51A, the I/NH was conve-:ed to UO,, which was further
converted to UO,. The UO, powder was prckaged and transferred to Plant 4 or to off-site
government installations. Building 50 was used as a warehouse to store incoming feed
materials, product, and tanks of process liquids. Solid residues from the extraction process
were drummed and transferred to government sites for scrap recovery, and liquid residues
were neutralized and discarded into the sewer system.

By July 1942, Plant 2 was producing approximately 1 ton of UO, per day. Production
continued until 1945-1946 when the area was closed in preparation for start-up of the
Destrehan Plant. According to production contracts between MCW and MED/AEC, a total
of approximately 4,400 tons of UO, was produced in Plant 2.



Plant 4 - UF_and Uranivm Metal Operations

In 1942, MCW began a batch process to manufacture uranium tetrafluoride (UF, or green
salt) by the high temperature gas-solid reaction of UO, with hydrofluoric acid (HF). This
process was conducted in building 400 in the former Plant 4 area (Figure 2-12). Figure A-1
attached is a hisiorical photograph of the Plant 4 area. The UF, was created by heating
UO, powder with anhydrous HF gas. The UF, was then emptied into fiberboard containers
for storage. Excess HF and water vapor were condensed, neutralized with lime, and
discharged io the sewer.

MCW began manufacturing uranium metal in 1943 in buildings 400 and 401B (Figure 2-12)
in a two stage batch process. The first stage reacted UF, with ground magnesium metal to
produce a solid uranium metal called "derby." The thermite reaction was carried out in
dolomite lined, steel reacticn vessels which were heated inside electric muffle furnaces. The
cooled shells were “"broken out" to expose the derby and the magnesium fluoride slag. The
derby was cleaned and made ready for the second step.

The second stage involved melting and recasting derbies inside in induction heated vacuum
furnace. The molten metal was poured into graphite molds to form a cylindrical ingot rod
or other forms of uranium metal which were cut and packaged for storage in building 400.
The slag, dross, and other furnace residues were packaged for shipment to an off-site
government facility. The uranium residues consisted entirely of scrap metal or black oxide.

In Plant 4, uranium metal production ceased in 1950 and green salt production ceased in
1951, Afterward, Plant 4 was utilized for various pilot and experimental uranium metal
projects until 1956.

Destrehan Plant - Plants 6, 6E and 7

The Destrehan Plant (Plant 6, 6E, and 7, Figure 2-12) was built in 1945 to increase the
capacity of the uranium refinery and to process pitchblende ores. Figure A-2 attached is
a historical photograph of the Plant 6, 6E and 7 area.
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Destrehan Plant - Plants 6, 6E and 7 (continued)

The engineering design of the Destrehan Plant was based on experimental pitchblende
processing performed by MCW in Plant 1 in 1944, The pitchblende ore contained 30% to
55% uranium as uranium oxide (U,0O;) in equilibrium with its decay products. Processing
the pitchblende required extraordinary health and safety precautions due to the presence
of Ra-226, a decay product of U-238. The ! “oratory in building 25-2 was used for
development work, and a pilot plant to extract the radium was installed in building K-i-E
(Plant 1, Figure 2-12). In the production process, pitchblende was dissolved in nitric acid
and "adjusted” by stripping the radium. Lead and radium decay products were precipitated
from the liquor by sulfate precipitation and filtration to yield K-65, a "lead gangue cake."
A second step treated the filtered liquor with barium to neutralize excess suifate and yield
a barium sulfate precipitate that stripped any remaining radium.

The Destrehan refinery, Plants 6, 6E, and 7 (Figure 2-12) was brought on line in 1946,
Incoming pitchblende ore and ore concentrates arrived by rail and were stored in building
110. The southwest yard area, which is the present-day location of the wastewater basins
(Figure 2-2), was also used to store MED-AEC feed materials as well as contaminated
equipment. The continuous process reactor, located in building 104, was designed for
pitchblende and included new operations to recover radium-bearing residues and raffinate
cake and to concentrate and convert U,0, 1o UO,. The feed liquor was extracted with ether
in a manner similar to that used in Piant 2, yielding pure uranyl nitrate hexahydrate (UNH).
The UNH was denitrated to yield UO,, and the UO, was reduced with hydrogen to yield
UO;. The UO, product was sent to Plant 4, Plant 7, or an off-site government facility for
further processing. In 1949, a second ¢igest line was added to building 104 to process
uranium ore concentrates from uranium mills. From 1949 to 1953, approximately 50% of
the feed material was pitchblende ore. In June 1955, the last shipment of pitchblende ore
was processed in the Destrehan Plant. Afterward, all of the feed material consisted of ore
concentrates,

Building 116 (Plant 6E, Figure 2-12) was constructed in 1950 as a replacement for uranium
metal production area in Plant 4. The objectives were to increase capacity of uranium metal
production, improve the quality, and reduce the processing costs. To increase the capacity,
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Destrehan Plant - Plants 6, 6E and 7 (continued)

the size of the derbies and cast ingots were increased. To improve the quality of the
uranium metal, the casting operation used vaporization and “hot-topping” to reduce the
impurities and the shrinkage voids. In 1954, building 116C was built to recycie magnesium
fluoride slag. It was found that the slag could be used as a refractory liner material in the
bob-reduction process in piace of the dolomitic oxide material. This improved the quality
of the derbies and reduced costs.

Plant 7 was built in 1951 as a replacement for the UF, production area in Plant 4. The
objectives were to increase the UF, capacity and quality. This plant used a continuous-
process, stirred-bed reactor to produce the UF,; additionally, continuous processing
equipment for converting UO, to UO, was added, allowing Plant 7 to have continuous
production of UF, with the starting feed material being uranium trioxide (UO,).

In 1955, a fabrication facility was installed in building 700 for temporary machining of
reactor cores. In the same year, an interim residue plant was built in Plant 7 to recover
uranium from reject magnesium fluoride slag liner using a mill and flotation process. The
interim residue plant (building 701, Figure 2-12) was located in the present-day wastewater
basin area. From July 1955 to December 1957, and estimated 467 tons of uranium were
recovered in this facility.

Plant 6 was placed on standby by the AEC in Jauuary 1958 for eventual decommissioning.
Plants 6E and 7 reportedly were placed on standby as of July 1, 1958. MCW’s uranium

refining operations were transferred from the St. Louis plant to a new facility in Weldon
Spring, Missouri.

Several small volume batch and experimental uranium-related processes were conducted at
the St. Louis plant. Based on a review of MED-AEC contracts, it is estimated that the
miscellaneous uranium products constituted less than 0.3% of the total uranium produced.
Examples of the miscellaneous processes include:
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Small Yolume Batch and Experimental Processes (continued)

. Conversion of feed materials slightly enriched in U-235 to metal or uranium nitrate

liquor

. Extraction of lonium (Th-230) from pitchblende raffinate

. Production of U,0O, and uranium dioxide (UO,) using an experimental continuous
denitration furnace

. Experimental extraction of uranium using Tributyl Phosphate (TBP) in hexane to
replace ether, since TBP was much safer to handle

. Production of uranium metal dingots, using a thermite reduction process

. Recycling of slag for use as liner material in the processing of uranium metal
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APPENDIX B

DESCRIPTION OF DECONTAMINATION TESTS
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Decontamination Methods (continued)
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4.0

Decontamination Test Detail (continued)

A technician will then attempt to decontaminate the designated areas, one at a time
using a different technique in each specified area. Ir general, one eighth of an inch
will be removed on each pass. The area would then be resurveyed. This process
would continue until the area met the release guidelines, or until it was decided that
it would rot be worth while to continue trying the method (i.e., using a wire brush
and it appears that the contamination if deep). If 1/2 inch of material is removed
and the release guidelines have not been met, a 2 inch core will be taken to
determine the depth of the contamination. The core will then be cut into 1/4 inch
slices. Direct measurements will be taken on each slice to determine the depth.

The decontamination tests will include the following:

Scabbling, high-pressure water blasting, and chemical extraction of selected concrete
floor areas in buildings 238, 246 and 247.

Scabbling, and chemical extraction of selected brick wall areas in buildings 238, 246
and 247,

Water blasting, wire brushing, acid cleaning and chemical extraction of metal
components from Building 238 including at least two sections from vessels and two
from steel plate floors.

Manual cleaning and chemical extraction of rubber lined tanks in building 238.
Chemical extraction of wood components in building 238.

A use of bead/grit blasting techniques has not been considered due to the likely
contamination of this system during the test. The depth of contamination found in
the scabbler testing will identify the depth of contamination at the selected locations.
This depth and the rate of surface removal for typical bead/grit blasting will be
applied to estimate the success of a bead/grit blasting application.
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4.0

Decontamination Test Detail (continued)
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Decontamination Test Detail (continued)
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4.0

4.1

Decontamination Test Detail (continued)
Decontamination Procedures
4.1.3 Rubber Lining in Vessels

Two rubber liner sections of approximately one square foot will be removed from
contaminated vessels and tested using detergent/water scrubbing and chemical extraction.
Total of four tests.

Test results including the method, contamination reductions and time requirements will
be recorded on the Test Decontamination Report form.

4.1.4 Wood Components

Wood components will be removed from the filter press and from other accessible areas
for testing using chemical extraction techniques. Total of 2 tests.

Test resuits including the method, contamination reductions and time requirements will
be recorded on the Test Decontamination Report form.

4 1.5 Subsurface Soils/Fill Materials

The chemical extraction test decon procedure will be performed on subsurface materials.
A cursory gamma screen will be done on site to identify those samples with elevated
gamma activity. These samples will be split for isotopic analysis and a test
decontamination performed using chemical extraction techniques. The sample that has
been tested using chemical extraction will then be analyzed for isotopic concentrations
and compared to the analysis of the original untested sample split. Four samples will be
tested using this method.

Test results including the method, isotopic concentration reductions and time
requirements will be recorded on the Test Decontamination Report form.

B-10




4.0

42

Decontamination Test Detail (continued)
Analysis of Resuits

The information obtained from the tests will be used to determine if a
decontamination technique would be cost effective. The ev “iation would take into
effect the cost of performing the decontamination, the volume of material
decontaminated for that cost, the cost of disposal of the secondary waste generated,
the <ost to release the material and the benefits of reuse or recycling the material.
This information would be balanced against the cost to just dispose of the material
without performing any decontamination. Costs due to health and safety
requirements will not be included in the anaiysis.



TEST DECONTAMINATION REPORT

DECONTAMINATION TECHNIQUE:

TEST AREA LOCATION

Floor Level:
Grid Number:

INITIAL RADIATION AND CONTAMINATION SURVEY RESULTS

Initial Radiation levels:
Initial Contamination levels: "
(Attach Copy of Initial Survey Documents)

DECONTAMINATION EFFORTS

Equipment/Materials Used:
(incl. approx. quantities:

Dimensions of Test Area:
Time of Test Decon Start:
Time of Test Decon Finish:
Elapsed Time (Min. and Sec.):

POST TEST DECONTAMINATION RESULTS

Final Radiation levels:
Final Contamination levels:
(Attach Copy of Final Survey Documents)

Performed By Date
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1.0 INTRODUCTION

1.1 SCOPE AND PURPOSE OF THE SITE HEALTH AND SAFETY PLAN

The purpose of this Health and Safety Plan is to establish personnel safety and protection
standards relative to the radiological, chemical and physical hazards that may be encountered
during the characterization activities by TMA/Eberiine at the Mallinckrodt Columbium-Tantalum
(C-T) facility and subsequent support areas. These standards are mandatory for TMA/Eberline
and subcontractor employees that are involved with any phase of the activities planned.

This site health and safety plan was developed with consideration of known contaminants, and
procedures designed for potential exposure to site substances. Current safety standards as
defined by OSHA, NIOSH, and EPA have been consulted. All changes to this site health and
safety plan must be made in writing and distributed to all site personnel.

1.2  SITE DESCRIPTION

The C-T plant is located within the bounds of the Mallinckrodt Speciaity Chemicals plant near
downtown St. Louis, Missouri. The C-T plant is contained within four buildings (numbers 238, 246,
247, 248) of concrete block, brick, and panel construction and certain exterior portions. The C-T
plant manufactured columbium oxide from ores that ~ontained naturally occurring thorium (Th-
232) and uranium (U-238) in concentrations of approximately 0.1%. The C-T tacility has not been
in operation since 1987.
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2.0 KEY PERSONNEL
The names and telephone numbers of key site fieid people are listed below.
Project Management:
For Mallinckrodt Speciaity Chemicals:
Arthur J. Heinze, P.E. 314-530-2111
Thomas J. Byrd, CHMM 314-539-1459
For TMA/Eberline:

TMA/Ebertine Professional Staff:

Industrial Hygienist:
Kathy Dendahi 615-481-0683

Health and Safety Director:
Kathy Dendahl 615-481-0683

TMA/Eberline Field Staff:

Site Manager and Field Health/Safety Officer:
Reg Smith
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3.0 'ITE HAZARD EVALUATION
31  Radiological F :ards

The C-T plant proc =ed raw ore materials that contained naturally occurring uranium-238 and
thorit'n-232. The U-238 and Th-232 ores became by-products in the production of Columbium
Oxide and Potassium Fluotantalate and have been carried through the processing equipment and
associated buildings. Radioactive emissions from these two isotopes, and their daughter
products, may be expected to be present as potentially airbarne dust and as fixed materials, on,
and inside, structural components and processing equipment of the facility. The immediate
concem is to control the potential for inhalation of these products by employees during this project
and to control the spread of radioactive materials from the C-T plan. Bulk quantities of these
materials that could contribute to an external gamma exposure are not believed to exist at the C-T
plant.

Exposure rate measurements will be performed to maintain dose rates to workers as low as
reasonably achievable. External administrative limits are as follows:

. Whole body effective dose equivalent maintained at or below 5 rems/year,

. Effective dose eguivalent to the eye maintained at or below 15 rems/year,
. Effective dose equivalent to the skin or extremities maintained at or below
50 rems/year.

32 Chemical Hazards

Several chemicals were used in the processing activities including sulfuric acid, hydrofluoric acid,
ammonia, and some caustics. Most of these have been used up in the process but possibly
remain in small diluted quantities inside the process lines.

33 Physical Hazards

Noise, temperature extremes, oxygen deficiencies, fire, and electricity are all physical hazards that
may be encountered.

Hearing protection will be provided 1o employees to use at their discretion, except when routine
moritoring reveais that the noise in the area is above the acceptable level. Where dosimeter
readings reveal the noise level in an area to be at or above 85 dBA, hearing protection will be
required.

The serious form of temperature extremes occurs when working ir .ot eny:"~nments (greater than
80 °F) and/or wearing PPE. Heat fatigue, serious ilines, or death may result if proper
precautions are not taken. Frostbite can occur when workinv, in cold environ nents (less i =", 40
“F and/or wet). Commencement of work activities at the C- " plant will dictate which ter perature
ext:.eme to monitor.

When electrical hazards may be encountered, Mallinc'«odt procedures for lockouttagout will be
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Barricades will be established as necessary after notitvin
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4.0 SITE ACTIVITIES

e of the tasks (not iimited to) 1o be performed by TMA/Eberline with associated hazards
e H iNe
ibie 1 ask Descnpton and Hazard Evaluation
Task Description Hazard Evaluation
Radiatior rvey Contact with, inhalation ¢f and ingestion of
ontaminated cus: and
Has, exposure 10 iow-levels lipha, beta
y iNgd gamma radiation tress,; opening
f vesseis, tanks having contained
radicactive materials and chen f




5.0 PERSONNEL PROTECTIVE EQUIPMENT

Aive equipment (PPE) for work activities in the Mallincks

nclude a hard hat, safety glasses PPE for site activities will include. but

Ot D¢ :""TH.“(’ { t""i"" coveralls "-’J«.‘nﬂ‘,“ rubber over the-shoe DOOLE

yioves. full f;f( 3

respirators, safety Personnel protective items will bs

required based up(

A hazardous work permit (HWP) will be
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SONNEL MONITORING




7.0 MEDICAL MONITORING REQUIREMEKTS
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9.0 EMERGENCY PROCEDURES

The Mallinckrodt plant handles and processes numerous chemicals in its day-to-day operation
of the downtown facility. As part of the plant heaith and safety program, a SAFETY GUIDELINES
document has been prepared by Mallinckrodt for implementation by outside contractors. This
shall become a part of the Health and Safety Plan and be posted at the TMA/Eberline offices.
Also posted shall be a list of emergency phone numbers, and notification procedures (Figure 2).



CALL SECURITY OFFICE - 5555

1) IDENTIFY YOURSELF
2) STATE THE PROBLEM
3) IDENTIFY LOCATION OF PROBLEM

THE SECURITY OFFICE WILL NOTIFY THE PLANT
MEDICAL TEAM AND NURSES, AND CALL AN AMBUIL AN
I NEEDED. THE MEDICAL TEAM WILL RESPOND.

ON SHIFTS OTHER THAN 7:30AM TO 4:00PM A PLANT
FIRST RESPONDER WILL BE AVAILABLE.

IFF A NEED FOR AN AMBULANCE IS KNOWN ADVISE 11
SECURITY OFFICE AND THEY WILL CALL ONE.

TRANSPORT WILL BE BY ABBOTT AMBULANCE TO
BARNES HOSPITAL EMERGENCY ROOM.




10.0 STANDARD OPERATING PROCEDURES




11.0 CONFINED SPACE ENTRY
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12.0 REFERENCES
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2B.2.1 PURPOSE

The purpose of this procedure is to describe the methods to be used to monitor personnel for
radioactive contamination on their skin and clothing.

2B22 SCOPE

Al personnel exiting a restricted area shall be monitored for radioactive contamination on their
skin and clothing. This procedure describes the use of portable radioactive detection 2quipment
to conduct the contamination surveys, and lists the documentation to be completed if such
surveys indicate contamination above the applicable release limits.

2B2.3 REFERENCES

A 10 CFR 20 "Standards for Protection Against Radiation; Final Rule®, Putlished, May 21,
1991.

B. TMA/Eberline Health Physics Operational Procedures Manual, Section 5.0, Instrument
Operation Procedures.

. TMA/Eberline Health Physics Operational Procedures Manual, Procedure 2B.3,
Decontamination of Personnel.

2B24 EQUIPMENT AND MATERIAL

The radiation detection instrumentation required to perform the personnel monitoring will vary from

site to site depending upon the type of potential radioactive contaminant to be monitored. in all

cases, the equipment utiized shail be appropriate for detecting the potential radinactive

contaminant at detection limits that are less than the release limits.

A Portable Count Rate Meter/Scaler (Eberline PRS-1, ESP-1, or equivalent).

B. Pancake Geometry Geiger Detector (Eberline HP-210, HP-260, or equivalent).

C. Alpha Scintillation Detector (Eberline AC-3, or equivalent).

D. Contamination/Exposure Report Form, Form 2B.2, Attachment 1.

2825 PERSONNEL MONITORING INSTRUCTIONS
A General Considerations
1. Selsct the appropriate radiation detection instruments based upon the type of

radioactive contaminant suspected. Verify that the instruments are calibrated and
are operating properly (daily source response and background check; see the



appropriate procedure in Section 5.0 of the TMA/Eberline Health Physics
Operational Procedures Manual).

The access control point technician or other qualified personnel shall perform the
monitoring.

To the extent possible, all visible soil/mud or other material shail be removed from
a person'’s clothing before they leave the contaminated area. Every effort shall be
made to preclude contact of clothing with dirtymud or potentially contaminated
material by using the correct personal protective equipmert (PPE).
Dacontamination technigues include washing, wiping, and brushing such areas as
required. Clothing which cannot be decontaminated shall be confiscated and
remain at the site.

Personnel monitoring is intended to be used in conjunction with good personal
hygiene practices (i.e. washing hands before eating, drinking or smoking).

Beta-Gamma Survey

1.

Using the pancake geometry Geiger-Muller or G-M detector, exposed skin and
clothing shouid be scanned at a rate of approximately one inch per second (2.5
cm/sec). Maintain a distance of approximately 0.5 inches (1.5 cm) from the
scanning area of the detector to the surface being monitored.

Note any areas where the count rate exceeds the background count rate. At a
minimum, the following skin surfaces and clothing should be surveyed for potential
contamination: hands, face, shoes. |f there is any reason to suspect the loss of
integrity of PPE, then those areas of the body or clothes that were affected should
be scanned.

For PPE that has been surveyed and found to be below site criteria limits, dispose
of as clean trash.

Alpha Survey

1.

Using the alpha scintillation detector, exposed skin and clothing should be scanned
at a rate of less than 0.5 inch per second (1 cm/sec). The detector shou'd be heid
as close to the surface to be scanned as possible without actually touching the
surface.

Due to the stringent release criteria for alpha emitters and the limitations of aipha
detectors, hands and shoes should be surveyed ter a minimum of 15 saconds.

Through visual or audio means, note any areas where the count rate exceeds the
background count rate. At a minimum, the following skin surfaces and clothing
should be surveyed for potential contarnination; hands, face, shoes. If there is any
reason to suspact the loss of integrity of personal protective equipment, then those
areas of the body or clothes that were aftected should be scanned.




4

For PPE that has been surveyed and found to be below site criteria limits, dispose
of as clean trash.

D. Contamination Report

If radicactive contamination is detected on any portion of the skin and/or clothing, the technician
shall notify the TMA/Eberline Site Manager and then the individual and/or his ciothing shall be
decontaminatad before being allowed to leave the restricted area (see Procedure 2B.3 or 2C.2).
In instances where personnel become contaminated to levels in excess of 100 dpm/dm? (alpha)
or 2000 dpm/dm’ (beta), a Contamination/Exposure Report, Form 2B.2 (Attachment 1), shall be
completed documenting the incident and submitted to the TMA/Eberline Site Manager for review
and investigation.

Ifcontamination ieveis cannot be reduced to undetectable levels, the TMA/Eberline
Site Manager or his designee shall be contacted. The TMA/Eberline Site Manager
will confer with a TMA/Eberline Health Physicist, if necessary, to determine the
appropriate action. Contaminated individuals shall not depart from a site until
released by the TMA/Eberline Site Manager except in emergency situations (i.e.,
threatening dangers, serious injury, etc.).

2. Personnel contamination incidents shall be documented by a
Contamination/Exposure Report (see Attachment 1) and reviewed by the
TMA/Eberline Site Manager. A copy of this report will be retained in the personnel
safety and health files.

3. It radiological contamination is not detected, the technician shall .ecord the
aipha/beta-gamma readings on the Controlled Access Register (Form 2A.2) in the
appropriate columns.

Attachments
1. Contamination/Exposure Report, Form 2B.2
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' page 2.
Contamination/Exposure Report

l 2. Sample for Urine Bio Collected Yes No

3. Individual sent to Whole Body Count Yes No

' C. Investigation Report (Include Hazard Work Permit No.)

Form Completed by:

D. Results of investigation (Compileted by Health Physics Supervisor)

Approved by Health Physics Supervisor

Original: Individual's Exposure History File
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PURPOSE

The purpose of this procedure is to establish methods for
decontamination of personnel.

SCOPE

The Site Health and Safety Officer is responsible for

decontamination of personnel.

REFERENCES

3.1 TMA/Eberline Safety Manual, Volume 2, Field Operations 3.2

TMA/Eberline Industrial Hygiene Procedure IH3.05, Personne!

Dress Down Procedures

3.3 TMA/Eberline Industrial Hygiene Procedure IH 3.07,
Decontamination of Equipment, Vehicles, and Materials

EQUIPMENT AND MATERIALS

4.1 Materials for Personnel Decontamination: Soap, Soft-Bristled
Brush, Hand Cream

PERSONNEL DECONTAMINATION

5.1 Prompt decontamination of personnel is essential to reduce
continuing external and possible internal exposure to
chemicals and toxic substances. A1)l contaminated clothing
should be removed from the person and K]aced in the appro-
priate containers provided. A thorough washing with soap and
warm water is generally the best method for decontaminating
the face, hands, hair, and body. A soft-bristled brush is an
effective aid for removal of contamination from the hands and
fingernails. Care should be exercised, however, not to
irritate or abrade the skin, and not to allow decontamination
solutions to enter body openings. Several washings and
rinsings may be necessary to achieve an acceptable
decontamination level. After decontamination lanolin or hand
cream may be applied to an area which has been washed or
scrubbed several times to prevent chapping of the skin.

IH 3.06
Rev: 1
Date: 1 February 93 IH 3.06-2




5.2

%.3

5.4

5.5

5.6

IH 3.06

Rev:

1

The Site Safety Plan will specify decontaminating agents that
can be used to remove difficult chemicals such as phenols from
the skin where appropriate.

If the contamination is not removed by the simple washing
technique mentioned above the worker may be referred to an
occupational physician.

when gross contamination of a person is detected, or when the
contaminant is known to be absorbed through the skin, the
worker will be sent to an occupational physician for bioassay
testing and evaluation.

When skin personal clothing, shoes, or other personal material
is found to be contaminated, a Chemical Investigation Report
is to be completed. (See TMA/Eberline Industrial Hygiene
Procedure IH 3.05.)

Guidance on when decontamination solutions must be retained
for analysis is provided in Reference 3.3.

Date: 1 February 93 IH 3.06-3
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TMA/Eberline IH Procedure 3.01
Heat Stress Monitoring and Prevention of Heat lliness



IH 3.01
TMA/EBERLINE
INDUSTRIAL HYGIENE PROCEDURES MANUAL

HEAT STRESS MONITORING AND
PREVENTION OF HEAT ILLNESS

Approved By:

Vid' President, Health Physics Services

Pz, Bonglds
-4
Environmental Compliance/Safety Manager
SIH 3.01
REV: 2 -

DATE: 30 SEPTEMBER 93
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1.0 PURPOSE

The purpose of this procedure is to prevent heat illnesses by establishing a method of
physiological monitonng for heat stress and describing roethods to minimize heat stress.

2.0 SCOPE
Elements of the NIOSH heat stress monitoring protocol are described and a step by step

procedure is provided. Symptoms of serious heat illness conditions and first aid treatment are
covered. Suggestions to minimize heat stress are included.

30 REFERENCES

3.1 American Red Cross Standard First Aid Handbook, 1988.

32  Occupational Safety and Health Guidance Manual for Hazardous Waste Site
Workers, NIOSH/OSHA/USCG/EPA, US. Department of Health and Human
Services, National Institute for Occupational Safety and Health, 1985.

33 Patty’s Industrial Hygiene and Toxicology, Third Edition, Volume 1, Chapter 20, Heat
Stress: Its Effects, Measurement and Control’, Edited by G. D. Clayton and F. E.
Clayton, 1978.

34  Occupational Exposure to Hot Environments, Criteria for a Recommended Standard,

NIOSH, US. Department of Heaith and Human Services, National Institute for
Occupational Safety and Health, 1986.

40  EQUIPMENT AND MATERIALS
4.1 Air Temperature Thermometer
4.2 Oral Fever Temperature Thermometer
4.3 Timer or Watch
4.4 One Watch with a Second Hand
4.5 Supply of Potable Water
4.6 Scissors
4.7 Sponges
4.8 Cool Drinking Water
SIH 3.01

REV: 2
DATE: 30 SEPTEMBER 93 SIH3.01-2
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TMA/Eberline

Heat Stress Monitoring Data Sheet

Site Name S Monitoring Technician
Date Work Area
Weather Conditions
PPE Worn
% AMBIENT ADJUSTED WORKER'S fULSE ORAL
SUNSHINE TEMP, ¥ TEMP, ¥ INTTIALS RATE TEMP, £
_

SIH 3.01
REV: 2

DATE: 30 SEPTEMBER 93

SIH3.01-8







-
o
-
"]
™ .
-
!
V—
3
3
i @ ¢ . .
- -
o - | :
Aonad <
£ 14 \ :
- . .
™ . i
) . ¥ =
r -
> A » <
-2 e
<t
. S "
s P —— - ” - - e




n

&

Y
— -
‘e
- ad
ar
@
=L Y
<
4 v

. )
4 <
Fe
]

. &
- 4
) A
-
@

> o '
@
»
&
; ©

» ol -

>4

o

-

o

.
¢
s £
4 w4
O

> M
S e
-+ 4

Tel

m
g

&
+

ABBL

Oa
pa

.

>4 Nq
| S -
|
= 0
+

3
s 4
s O
o 3 ¥
¢ -l
5
w
4

-

v

2
&
~

"

v
. s
S o S
e -
w = .
g - v\(
® .20
o ¥ a
o ¢
R
- i ®
O = g
o ©
o -
Al -
d o
i o 3
o4 3"
»
i
On
-
5
&
-t
—%
L
v

-4
¢
- g,

ernal

ex




4.12

4.13

4.15

4.16

IH 3.03
Rev: 1

Date: 30 september 93

Engulfment - the surrounding and effective capture of a person by a
ligquid or finely divided solid substance that can be aspirated to
cause death by filling or plugeing the respiratory system of that
can exert enough force on the body t cause death by strangulation
constriction or crushing.

Entry - the action by which a person passes through an opening into
a permit-required confined space. Entry includes ensuing work
activities in that space and is considered to have occurred as soon
as any part of the entrant’'s body breaks the plane of an opening

into the space.

Entry Permit- the written document that is provided by the employer
to allow and control entry into a permit space and that contains the
information

Entry Supervisor - the person responsible for determining if
acceptable entry conditions are present at a permit space where
entry is planned, for authorizing entry and overseeing entry
operations, and for terminating entry.

Hazardous atmosphere - an atmosphere that may expose employees to
the risk of death, incapacitation, impairment of ability to self-
rescue, injury or acute illness from one or more of the following
causes: 1) Flammable gas, vapor or mist in excess of 10% of its
lower explosive limit (LEL); 2) Airborne combustible dust at a
concentration that meets or exceeds its LEL; 3) Atmospheric Oxygen
concentration below 19.5% or above 23.5%; 4) atmospheric
concentration of any substance from which a dose, TLV or PEL could
be exceeded; 5) any other conditicn that is immediately dangerous to
life or health.

Inerting - The displacement of the atmosphere in a permit space by
a noncombustible gas to such an extent that the resulting atmosphere
is noncombustible.

Isolation - the process by which a permit space is removed from
service and completely protected against the release of energy and
material into the space by such means as lockout/tagout,
blanking/blinding, or blocking or disconnection al mechanical
linkages.

Non-permit confined space - a confined spate that does not contain
or have the potential to contain any hazard capable of causing death
or serious physical harm.

Oxygen deficient - an atmosphere containing less than 19.5% oxygen.
Oxygen enriched - an atmosphere containing more than 23.5% oxygen.

Permit-required confined space -~ a confined epace that has one or
more cf the following characteristics: 1) contains or has a
potential to contain a hazardous atmosphere; 2) contains a material
that has the potential for engulfing an entrant; 3) has an internal
configurations such that an entrant could be trapped or asphyxiated
by irwardly converging wazlls or by a floor which slopes downward and
tapers to a smaller cross-section.

Retrieval System - The equipment (including a retrieval line, chest
or full body harness, wristlete and a lifting device) used for non-
entry rescue of persons from permit spaces.

Testing - the process by which the hazards that may confront

S§IH3.03-2
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5.6.2 In an emergency, the attendant should not enter the confined
space unless other standby personnel are at the scene, and
then only as a last resort.

5.6.* The local fire department authorities should be advised and
briefed on any confined space work.

5.6.4 Where possible, rescues should be completed without entry into
the confined space. The lifeline system should be used to
retrieve the victim where possible.

$:7 Physical hazards

§5.7.1 Structures that a judicious person would suspect are unsound
or unstable should not be entered or walked upon. The
stability of guestionable structures should be evaluated
before the confined space work begins.

5.7.2 Do not enter a confined space that a judicious person would
suspect that an engulfment hazard exists. Bins or hoppers
filled with grain or pulverized coal are examples of confined
spaces that present a severe engulfment hazard.

§.7.3 Monitor for heat stress if necessary according to the
instructions provided in TMA/Eberline Industrial Hygiene
Procedure IH 3.01.

5.7.4 1f transient excursions above 25% oxygen are possible, tools
used for confined space work shall be made of a non-sparking
material. Fire retardant clothing shall be worn.

5.7.5% Where transient excuvsions above 10% of the LEL are possible,
instruments and equipnent used for confined space work shall
be approved for «lass I, Division 1 Hazardous Locations.
Tools shall be made of a non-sparking material, and fire
retardant clothing shall be worn.

6.0 ENTRY PERMITS
A Confined Space Permit is required for confined space work.

6.1 h confined Space pre-entry check list should be filled out prior to
ptarting the work. This is a good aid to make sure that all
equipment is in place.

6.2 Each Confined Space Permit will be reviewed and approved by the Site
Health and Safety Officer.

6.3 The Confined Space Permit will identify:
. The space to be entered.
. Purpose of entry.
. Date and the authorized duration of the entry

. Authorized entrants by name, attend.ats by name, entry
supervisor by name.

. Hazards of the space to be entered.

. Measures used to isolate the space or eliminate hazards

Acceptable entry conditions

¢ Results of initial and periodic checks.

* Rescue and emergency services that can be summoned and the
means for summoning those services.

. Communication procedures used but authorized entrants and
attendante to maintain contact during the entry.

. Any other pertinent information related to the health and
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ENTRY PERMIT

CONFINED SPACE __ HAZARDOUS AREA
PERMIT VALID FOR 8 HOURS ONLY. ALL COPIES OF PERMIT WILL REMAIN AT JOB
SITE UNTIL JOB IS COMPLETED
SITE LOCATION and DESCRIPTION

PURPOSE OF ENTRY
SUPERVISOR(S) in charge of crews Type of Crew Phone #

* BOLD DENOTES MINIMUM REQUIREMENTS TO BE COMPLETED AND REVIEWED PRIOR TO
ENTRY *

REQUIREMENTS COMPLETED

Lock Out/De-energize/Try-out

Line(s) Broken—Capped-Blanked

Purge~Flush and Vent

Ventilation

Secure Area (Post and Flag)

Breathing Apparatus

Resuscitator - Inhalator

Standby Safety Personnel

Full Body Harness w/"D" ring

Emergency Escape Retrieval Equipment

Lifelines

Fire Extinguishers

Lighting (Explosive Proof)

Protective Clothing

Respirator(s) (Air Purifying)

Burning and Welding Permit

Note: Items that do not apply enter N/A in the
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**RECORD CONTINUOUS MONITORING RESULTS EVERY 2 HOURS
CONTINUOUS MONITORING** Permissible

TEST(S) TO BE TAKEN Entry Level

PERCENT OF OXYGEN RO SR B RFME N il e,
LOWER FLAMMABLE LIMIT Under 10% - e ST M £ ) et E R G
CARBON MONOXIDE B DR - R S S e
Aromatic Hydrocarbon 1 PER SN LY
Hydrogen Cyanide CRRARY QPR - e ]
Hydrogen Sulfide +10 PPM *15PPH b
Sulfur Dioxide * 2 PPM * SPPR i e

Ammonia w3ISPPM

* Short-term exposure limit:Employee can work in the area up to 15 minutes.
+ B hr. Time Weighted Avg.:Employee can work in area 8 hrs (longer with
appropriate respiratory protection).

REMARKS :
GAS TESTER NAME & CHECK # INSTRUMENT (S) USED MCDEL &/OR TYPE

SERIAL NUMBER

SAFETY STANDBY PERSON IS REQUIRED FOR ALL CONFINED SPACE WORK
SAFETY STANDBY PERSON(S) CHECK # NAME OF SAFETY STANDBY PERSON(S) CHECK #

SUPERVISOR AUTHORIZING ENTRY AMBULANCE SR FIRE
ALL ABOVE CONDITIONS SATISFIED

DEPARTMENT Phone
Original to Site Files
Copy to Safety Manager

IH 3.03
Rev: 1
Date: 30 September 93 SIH3.03-12



Permit-Required Confined Space Decision Flow Chart

[ Does the workplace contan permil-required 1 Consuh other apphicable 1
| contined spaces as oeﬁyrzg by §1910 1 46b)? JNO‘ *| OSHA sandarts -
1
inform employees as requied by
§1910 146{c)(2).
¥
3 Pravent employee eniry as required by
[w“"""'m“':::m NO———1 £1910.148(c)(3). Do task from ousside of space.
‘ Tsk wil be done by contraciors’ smployees. Inform
I o o L L S N
. §1910.148(cHOND, (). and (i) from host
1
Both contractors and host 1
1 employees will enier the space? NO—)
Wil host employpes enter 1o 'é_’ YES J
pedonn entry tasks? v
' YES Coo«a\uom’ym
as required by §1910.1
and (d){11). wmm =]
aniry.
* - Not a permi-required confined $pace.
[ Does spaca have known or polential hazards? — NO—#=1 §1910.146 does not apply. Consult
YES other OSHA standards.
¥
[ Can the hazards be elminated? TH0-of e L S oy srolp?
": confined space using §1910.146(c)7). |
wmgmummnummja_’ Space may be entered under 1,
lo enter by cortinuous forced ar ventiation oniy? || §1910 145(c)(5). .t i
N
¥
| Prepare for entiy via pemmit procedures. |
Y
Verlty accepiable entry conditions (iest resuls recorded, | Perms not vabd vl
space soied I needed, nescuers/means 10 summon  NO—# conditions mee! pemit
mhnh,mu'o::ﬂmwttlm). | specifications.
A4
Permil ssued by authorizing snature. Accegiable Emergency exists (prohbied
antry conditions maintained throughout eniry. condtion). Entrants evacuaied entry
YES aborts, (Call rescuers ¥ neaded).
+ « | Permit is void Reevak e program
Pormi 10 COMBCUPOveNt prohumad
Ertry tasks completed. raturmned and ' of
(usualy) i proof of deficent
3 program. No re-antry unii program
Audit parmit program and permit basad on {and permit) 5 amended. (May
evakiation of entry by enirants, atlendans, eLiers TRQUIS NEW [XOgram. )
and preparers, ek CONTINUE
3 |

"Ttle 29 Code of Federal Regulations 1910145, Appendix A

Speces may have 1o be evacuated and re-evaluated | hazards arse during entry
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C-T SITE CHARACTERIZATION PLAN

APPENDIX D

RADIATION SAFETY OFFICER

EXPERIENCE AND QUALIFICATIONS
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Training/Resume
Thomas J. Byrd

Mr. Byrd is a thirty-one year employee of Mallinckrodt.

He is a Certified Hazardous Materials Manager at the master
level. His education includes a B.S. in Chemistry from the
University of Missouri at St. Louis (UMSL) along with
numerous other courses in the Chemical, Environmental,

and Radiation fields. Mr. Byrd is the RSO for C-T license
STB-401 and has been RSO for 13 years. He developed the
radiation safety program for C-T and has managed it ever
since. Mr. Byrd was a supervisor in the C-T process area
and has much knowledge of the process. He has managed

the hazardous waste program and is currently managing all
remedial work at the site. His title is Principal Environmental
Engineer in the Health, Safety and Environment Department
at the Mallinckrodt Specialty Chemicals Company - St.Louis
Plant.




