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1.0 INTRODUCTION

1.1 BACKGROUND

This report documents the remedial action conducted at the Aliquippa Forge site in West

Aliquippa, Pennsylvania. This cleanup followed the procedures for an expedited remedial action,

an efficient, cost-effective approach that streamlines the remedial action process for small sites.

Remedial activities at Aliquippa Forge were performed as part of the U.S. Department of

Energy's (DOE) Formerly Utilized Sites Remedial Action Program (FUSRAP) in accordance with

DOE protocols and procedures. FUSRAP was established to identify and clean up or otherwise

control sites where residual radioactive contamination (exceeding current federal guidelines)

remains from the early years of the nation's atomic energy program or from commercial

operations causing conditions that Congress has authorized DOE to remedy.

The objectives of FUSRAP, as they apply to the Aliquippa Forge site, are to

• identify and evaluate sites used to support former Manhattan Engineer District and

Atomic Energy Commission (AEC) nuclear development activities,

• remove or otherwise control contamination on sites identified as contaminated above

current DOE guidelines,

• achieve and maintain compliance with applicable criteria for the protection of human

health and the environment, and

• certify the site for appropriate future use without radiological restrictions after

remediation.

The primary legislation authorizing FUSRAP is the Atomic Energy Act of 1954. FUSRAP

was established in 1974, and major remedial actions began at FUSRAP sites in 1981.

Administered by DOE's Office of Environmental Management, FUSRAP currently includes

46 sites in 14 states;

Bechtel National, Inc. (BNI), the project management contractor (PMC), supported DOE in

the planning, management, and implementation of the remedial action. Oak Ridge Institute for

Science and Education (ORISE), the independent verification contractor (lVC), conducted

appropriate analyses to verify that contamination exceeding guidelines had been successfully

remediated.

126_0008 (05/06/96)



1.2 mSTORY

The Aliquippa Forge site is located in a mixed industrial/residential area on 3.2 ha (8 acres)

along the Ohio River in West Aliquippa, Pennsylvania (see Figure 1-1). The property, which is

approximately 25 km (15.6 mi) northwest of Pittsburgh, currently contains 10 buildings, 2 water

towers, a cooling tower, and a small water basin (see Figure 1-2). These water systems are not

used for drinking water purposes.

The Aliquippa Forge facility was originally owned by Universal Cyclops Specialty Steel

Division of the Cyclops Corporation and is currently owned by Beaver County Corporation for

Economic Development. From July 1948 to late 1949, Vulcan Crucible Steel Company operated

a natural uranium-rolling process for the AEC in Building 3 (see Figure 1-3) of the facility.

Uranium billets were sent to the Vulcan facility where they were formed into rods; finished rods

were boxed and shipped to other AEC facilities. The site was decontaminated to then-applicable

guidelines by the AEC in 1950 following completion of AEC operations (ANL 1992).

In 1978, a radiological survey performed in and around Building 3 by Argonne National

Laboratory (ANL) identified radioactive contamination exceeding current DOE guidelines on

floors, walls, and overhead beams above the furnaces that were used for heating uranium billets

(ANL 1992). Some contaminated steel flooring was also found outside the building alongside the

cooling basin. The residual radioactive contamination exceeded DOE guidelines for release of the

property for appropriate future use without radiological restrictions. Consequently, the property

was designated in August 1983 for remediation under FUSRAP.

In December 1987, the PMC conducted a limited radiological characterization survey that

revealed 14 areas of contamination in and around Building 3 (BNI 1988). Interim remedial

activities were conducted by the PMC in 1988 to allow restricted use of the building by Aliquippa

Forge, Inc. Most of the building was remediated by removing contaminated materials and

equipment and placing a barricade around the remaining contaminated area. Post-remedial action

surveys of Building 3 indicated that contamination was successfully removed from a large portion

of the building.

During May and June 1992, the IVC performed an initial designation survey of Building 3,

Building 8, and the outdoor area along the western side of Building 3 (ORISE 1992). Areas

inside Building 3 that were contaminated included the walls above 2 m (6.6 ft), interior and

exterior surfaces of the two furnaces, floor surfaces within the barricaded area, structural steel

and ceiling surfaces, and exterior soil areas at the perimeter of Building 3. Additional

characterization was performed during the period from July to October 1993 (ORISE 1994).

126_0008 (05/06/96) 2
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2.0 REMEDIAL ACTION GUIDELINES

Processed natural uranium metal (i.e., characterized by activity ratios of 0.48, 0.5, and

0.022, respectively, for uranium-238, uranium-234, and uranium-235) was the contaminant

identified at the Aliquippa Forge site. Table 2-1 lists the DOE residual contamination guidelines

for release of formerly contaminated properties for use without radiological restrictions. These

guidelines were adopted by DOE in accordance with DOE Order 5400.5, "Radiation Protection of

the Public and the Environment" (DOE 1990). The Pennsylvania Department of Environmental

Resources was notified of the uranium guidelines to be used in the Aliquippa Forge site

remediation activities, and an acknowledgment of awareness was received from the regional

manager (Kopotic 1994a and Perry 1993);

For the remedial action at the site, soil samples were compared to a site-specific cleanup

criterion of 100 pCi/g for total uranium averaged over any 100-rrr (l,IOO-fe) and any 15-cm

(6-in.-) thick layer below the surface. A concentration of 50 pCi/g for uranium-238 was used as

an indicator because the material at Aliquippa Forge was natural uranium metal.

The average concentration of uranium-238 in background samples is 1.4 pCi/g. The

average background concentration of uranium-238 in soil representative of the Aliquippa Forge

site was determined by obtaining several soil samples from areas chosen based on their proximity

to the site, relative independence from potential influence of the site, and representativeness of

area geology and land uses.

126_0008 (05/06/96) 6



41'9 (;, .
TABLE 2-1

SUMMARY OF RESIDUAL CONTAMINATION GUIDELINES

BASIC DOSE LIMITS

The basic limit for the annual radiation dose (including all pathways except radon) received by an individual
member of the general public is 100 mrem/yr above background. In .Implementing this limit, DOE applies as-Iow
as-reasonable achievable principles to set site-specific guidelines.

SOIL GUIDEUNES

Radionuclide

Radium-226
Radium-228
Thorium-230
Thorium-232

Total Uranium

STRUCTURE GUIDELINES

Airborne Radon Decay Products

Soli Concentration (pCVg) Above Backgrouncfl,b,c

5 pCi/g when averaged over the fir.st 15 em of soil below
the surface; 15 pCi/g when averaged over any 15-cm-thick
soil layer below the surface layer.

100 pCi/g when averaged over any 15-cm-thick soil
layer.

Generic guidelines for concentrations of airborne radon decay products shall apply to existing occupied or
habitable structures on private property that has no radiological restrictions on its use; structures that will be
demolished or buried are excluded. The applicable generic guideline (40 CFR 192) is: In any occupied or
habitable building, the objective of remedial action shall be, and reasonable effort shall be made to achieve,
an annual average (or equivalent) radon decay product concentration (including background) not to exceed
0.02 WLd. In any case, the radon decay product concentration (including background) shall not exceed
0.03 WL. Remedial actions are not required in order to comply with this guideline when there is reasonable
assurance that residual radioactive materials are not the cause.

External Gamma Radiation

The average level of gamma radiation inside a building or habitable structure on a site that has no radiological
restrictions on its use shall not exceed the background level by more than 20 ~R/h and will comply with the
basic dose limits when an appropriate-use scenario is considered.

Indoor/Outdoor Structure Surface Contamination

Allowable Surface Residual Contaminatione

(dpm/100 cm2)

4.158 4392.1

Radionuclide'

Transuranics, Ra-226, Ra-228, Th-230, Th-228
Pa-231, Ac-227, 1-125, 1-129k .

Th-Natural, Th-232, 8r-90, Ra-223, Ra-224
U-232, 1-126, 1-131, 1-133

U-Natural, U-235, U-238, and associated decay products

Beta-gamma emitters (radionuclides with decay
modes other than alpha emission or spontaneous
fission) except 8r-90 and others noted above'

7

Averageg,h

100

1,000

5,000 a

5,00013 - y

Maximumh,i

300

3,000

15,000 a

15,00013 - y

Removableh,i

20

200

1,000 a

1,000 B - r



TABLE 2-1

(CONTINUED) 9

aThese guidelines take into account ingrowth of radium-226 from thorium-230 and of radium-228 from thorium-232,
and assume secular equilibrium. If either thorium-230 and radium-226 or thorium-232 and radium-228 are both
present, not in secular equilibrium, the guidelines apply to the higher concentration. If other mixtures of
radionuclides occur, the concentrations of individual radionuclides shall be reduced so that (1) the dose for the
mixtures will not exceed the basic dose limit, or (2) the sum of ratios of the soil concentration of each radionuclide
to the allowable limit for that radionuclide will not exceed 1 ("unity").

bThese guidelines represent allowable residual concentrations above' backgrouMayeragedacrossany 15-cm-thick
layer to any depth and over any contiguous 100-rW surface area. .. .",' .

elf the average concentration in any surface or below-surface area less than or equal to 2S m'2 exceeds the
authorized limit or guideline by a factor of (100/A)1~, where A is the area of t~eelevatedJ~jpninsquare meters,
limits for "hot spots" shall also be applicable. Procedures for calculating these'hO(spOtlimits;"'Which depend on the
extent of the elevated local concentrations, are given in the DOE Manualfor'mplementing~esidual .Radioactive
Materials Guidelines, DOE/CHJ8901. In addition, every reasonable effort shall be.macle to .removeanysource of
radionuclide that exceeds 30 times the appropriate limit for soil, irrespeptive. of the average conCentration in the soil.

dA working level (WL) is any combination of short-lived radon decay products in 1 liter of air that will result in the
ultimate emission of 1.3 x 10S MeV of potential alpha energy.

eAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as
determined by correcting the counts per minute measured by an appropriate detector for background, efficiency,
and geometric factors associated with the instrumentation.

fWhere surface contamination by both alpha- and beta-gamma-emitting radionuclides exists, the limits established for
alpha- and beta-gamma-erryitling radionuclides should apply independently.

9Measurements of average contamination should not be averaged over an area of more than 1 m2• For objects of
less surface area, the average should be derived for each such object.

hThe average and maximum dose rates associated with surface contamination resulting from beta-gamma emit1ers
should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively, at a depth of 1 cm.

iThe maximum contamination level applies to an area of not more than 100 cm2•

iThe amount of removable radioactive material per 100 cm 2 of surface area should be determined by wiping an area
of that size with dry filter or soft absorbent paper, applying moderate pressure, and measuring the amount of
radioactive material on the wipe with an appropriate instrument of known efficiency. When removable contamination
on objects of surface area less than 100 cm 2 is determined, the activity per unit area should be based on the
actual area, and the entire surface should be wiped. It is not necessary to use wiping techniques to measure
removable contamination levels if direct scan surveys indicate that total residual surface contamination levels are
within the limits for removable contamination. . .

KGuidelines for these radionuclides are not given in DOE Order 5400.5; however, these guidelines are considered
applicable until guidance is provided.

I This category of radionuclides includes mixed fission products, including the Sr-90 which is present in them. It
does not apply to Sr-90 which has been separated from the other fission products or mixtures where the Sr-90 has
been enriched.

Source: DOE Order 5400.5 and 40 CFR 192

4,1584392.2
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3.0 REMEDIAL ACTION

3.1 CLEANUP/DECONTAMINATION ACTIVITIES

Before the remedial action began, the contaminated areas were surveyed to accurately

define the boundaries of radioactive contamination and to supplement existing characterization

information. In addition, areas that were previously inaccessible (areas under heavy equipment,

etc.) were surveyed as they became accessible during remedial action. These surveys defined a

significant increase in the area that would require remediation. Decontamination techniques used

in the remediation are listed in Table 3-1. Following remedial action and confirmation that

remediation was complete, areas were restored to a condition satisfactory to the property owner.

As decontamination of various portions of the site was completed, post-remedial action

surveys were performed to ensure that decontamination efforts were successful in meeting DOE

cleanup criteria. Exposure rate measurements were taken with a pressurized ionization chamber

(PIC) to confirm that radiation levels were below the DOE guideline of 20 j.l.R/h above

background for building interiors and the dose limit of 100 mrern/yr to members of the general

public. Soil samples were collected and analyzed to ensure that contaminated soil had been

removed to levels below cleanup guidelines. Concentrations of direct alpha and beta/gamma and

transferable alpha and beta/gamma contamination were also measured to ensure that

decontamination efforts were successful. Sample results underwent multidisciplinary review by

data validation and environmental technologies personnel to evaluate the results relative to DOE

guidelines.

DOE protocol allows the release of property without radiological restrictions in cases where

residual radioactive material may exceed release guidelines but does not pose a present or future

exposure risk and where the cost of remedial action is unreasonably high relative to the long-term

benefits (DOE 1986 and 1990a) . The protocol requires that any supplemental limits achieve the

basic dose limit of 100 mrem/yr to any member of the general public. This method implements

as-low-as-reasonably-achievable (ALARA) protocol as mandated by DOE Order 5400.5. This

limit has been determined to be safe and will not contribute a significant dose to current or future

workers or the general public. The hazard assessment provides documentation that the residual

contamination left in place at the Aliquippa Forge site on the roof panels on the west bay and on

three concrete pedestals will not result in a radiation dose at or above 100 mrern/yr to a member

of the general public (Appendix A).

During remediation, approximately 840 m3 (l, 100 yd3
) of radioactively contaminated soil,

brick, and concrete was excavated from inside the buildings and from the western exterior of

Building 3.

126_0008 (05/06/96) 9



Table 3-1

Decontamination Techniques Used at the Aliquippa Forge Site

Type

HEPA vacuuming

Hand wiping

Wire brushing/grinding/
pneumatic scalers (needle
guns)

Mechanical shot blasting

Cutting with a gasoline
powered concrete saw

Jackhammering

Excavation

126_0008 (05/06/96)

Description

High-efficiency particulate air- (HEPA-) filtered vacuum
cleaners were used to remove loose contamination primarily
in overhead areas and floors.

Small areas or equipment that had loose dirt, dust, greasy
film, etc., were wiped with a dry cloth or a cloth wetted
with a non-hazardous detergent solution to remove the loose
surface contamination. Putty knives, paint scrapers, and
steel wool were used for heavy grease.

Hard, nonporous surfaces (corners, steel beams) were
decontaminated by using a wire brush to remove loosely
adherent dirt, scale, rust, etc. A power hand grinder was
used to remove the surface layer of more adherent
contamination. Needle guns were used for removal of "hot
spots. "

A commercially available shot-blast system, the VacuBlast™
decontamination system with self-contained dust collection,
was used to clean floor, overhead, and wall surfaces by
using metallic abrasive material on the work surface and
removing incremental layers of contaminated material.

A gasoline-powered concrete saw with a diamond tip blade,
vented to the exterior of the building, was used to prepare
sections of the floor slab for removal.

Rubber-tired hoe-rams were used to remove chunks of
concrete. Conventional jackhammers were used on small
areas and in breaking individual pieces of concrete.
Chipping hammers were used in spot areas and on
horizontal surfaces as necessary.

Contaminated concrete and soil were removed from interior
and exterior areas by using rubber-tired backhoes, track
excavator, truck loader, picks, and shovels.
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The brick material generated by the dismantlement of the furnaces and a section of the

brick floor at the site was crushed to approximately 46 m3 (60 yd3
) and then placed and

compacted into the excavation in Building 3. Although the crushed brick material contains a

small amount of residual uranium (approximately 15 pCi/g of uranium-238), the amount is well

below the cleanup guideline for the soils remaining in place at the site (50 pCi/g of uranium-238).

The state was informed of the plan to use the crushed brick as backfill in Building 3, and

acknowledgment was received from the Pennsylvania Department of Environmental Resources

documenting state regulators' awareness of the plan (Kopotic 1994a)

Approximately 380 m3 (500 yd3
) of concrete rubble was generated by the removal of

sections of floor slab. After being segregated from the soil that was excavated from under the

floor slab, this rubble was processed into a soil-like consistency using a commercial rock-crushing

unit. The average concentration of residual uranium in six representative samples of the crushed

concrete was less than 10 pCi/g, well below the cleanup criterion of 50 pCi/g of uranium-238 for

the soils remaining at the site. The crushed concrete was used as part of the backfill in restoring

the excavated areas in Building 3. Acknowledgment received from the Pennsylvania Department

of Environmental Resources documented state regulators' awareness that the crushed concrete was

used as backfill in Building 3 (Kopotic 1994b).

The remaining soil excavated from the western exterior of Building 3 and from the inside

of the buildings, approximately 410 m3 (540 yd3
), was loaded into intermodal containers and sent

to Envirocare for disposal (Figure 3-1; additional detail is provided in Section 4.1).

After the material was excavated, direct gamma measurements were taken, and soil samples

were collected from the excavations. The samples were shipped to ThermoAnalytical [(TMA),

now known as Thermo NUtechJ, a licensed radioanalytical laboratory, in Oak Ridge, Tennessee,

for analysis to ensure that all soils radioactively contaminated above the DOE criteria had been

removed. Analytical results are presented in Section 4.0.

Approximately 76m3 (l00 yd3
) of contaminated building material waste was generated

during building remediation. The waste included miscellaneous building equipment (conduits,

light fixtures, etc.) and material removed from the floors, walls, and overheads using abrasive

techniques. After size reduction, this material was packaged in accordance with applicable

Department of Transportation regulations and sent to Envirocare for disposal.

Building material waste included less than 2.3 m3 (3.0 yd3) of asbestos and suspected

asbestos from pipe insulation, gaskets, mortar from the furnaces, and galbestos panels coated with

asbestos. This material was wetted, packaged in 6-mil plastic, and labeled as asbestos in

accordance with 40 CFR 61.150. The packaged material was then placed in low-specific-

activity (LSA) boxes and shipped Class 9 in accordance with 49 CFR 172.101.

126_0008 (05/06/96) 11
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The following sections describe the remedial activities in the interior and exterior areas at

the Aliquippa Forge site.

3.1.1 Interior Areas

Building 3

The designation surveys revealed residual radioactive contamination above DOE guidelines

in Building 3 on the floor, walls, overheads (trusses, purlins, and roof panels), two furnaces, and

miscellaneous areas within the building.

A contaminated overhead area of approximately 1,000 m2 (11,000 fe) consisted of

11 trusses with purlins, roof panels, 2 exhaust turrets and associated ducts, and miscellaneous

equipment (light fixtures, wiring, conduit, etc.). The areas were first decontaminated with a

HEPA-filtered vacuum to remove unattached dust. Light abrasive teChniques (wire brushes,

scrapers, and sandpaper) were then used to remove rust and other material that was resistant to

vacuuming. In addition, more intrusive techniques (using the Vacublastnl unit and an electric drill

with a wire wheel) were employed for areas that resisted the light abrasive techniques. The two

exhaust turrets, ductwork, and miscellaneous equipment were removed from the overhead areas

and placed in LSA boxes or in a controlled area until disposal. Small, localized spots of

contamination still remain in the contact area between the purlins and roof panels, in the

overlapping roof panel joints, and on the concrete support pedestals in Building 3. This

contamination could not be remediated without removal of the roof panels, which would have

resulted in excessive remedial action cost. A breakdown of the costs associated with removal and

replacement of the contaminated materials is provided in the hazard assessment for the site

(Appendix A). The residual radioactivity is also discussed in the hazard assessment; the results

and conclusions of the assessment are discussed in Section 5.1.

Approximately 760 m3 (990 yd3
) of soil and concrete was excavated from the west bay area

of the building (see Figure 3-1). The concrete was broken up with a concrete saw and a

jackhamrnering techniques; the concrete and the soil beneath it were then removed. During

excavation of the soil and concrete, three concrete pedestals supporting I-beam supports were

found to contain residual contamination above the DOE guidelines. The three concrete pedestals·

could not be decontaminated below DOE guidelines because they were so deteriorated that any

aggressive decontamination effort could have further jeopardized their integrity. Therefore, after

initial decontamination efforts-which did not result in total removal of the contamination to

levels below DOE criteria-the decision was made on the basis of economic factors, extent of

contamination, potential exposure pathways, and other considerations to conduct a hazard

assessment for the three pedestals. The hazard assessment was prepared to establish supplemental

standards to ensure that the general public will not receive an exposure greater than 100 rnrem/yr

based on reasonable but conservative scenarios (Appendix A).

126_0008 (05/06/96) 13
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Approximately 100 m2 (1,100 frl) of contaminated walls and 1,800 m2 (19,000 ft2) of

contaminated floors were decontaminated using the HEPA-filtered vacuum and other abrasive

techniques as needed.

Dismantling of two brick furnaces generated approximately 65 m3 (85 yd3
) of fire brick,

which was placed into the excavation in Building 3. This material was crushed using a

D-9 dozer, and the volume was reduced to approximately 41 m3 (54 yd3
). The average uranium

concentration in the brick was 22 pCi/g.

Approximately 4 m3 (5 yd3
) of material was excavated from the mica pit (see Figure 1-3).

In addition, approximately 11 m3 (14 yd3
) of material was removed from the west cutter pit (see

Figure 1-3).

Building 8 (Compressor Room)

The designation surveys revealed residual radioactive contamination above DOE guidelines

on most of the floor, walls, overheads (trusses, purlins, and roof panels), two generator pits, and
miscellaneous items and debris in Building 8.

A contaminated ov'erhead area of approximately 49 m2 (530 ft2
) contained three trusses and

associated purIins and roof panels. This area was decontaminated using the same techniques

described for the Building 3 overheads. Approximately 0.8 m3 (1 yd3
) of miscellaneous building

debris (piping, steel plates, conduit, etc.) was removed from Building 8.

Floor areas were decontaminated in the basement and the main floor of Building 8; the total

area of decontaminated floor was approximately 430 m2 (4,600 ft2
). The HEPA-filtered vacuum

along with abrasive techniques were used to remove contamination. In addition, two generator

pits and associated equipment were decontaminated using the HEPA-filtered vacuum and light

abrasive techniques.

Tool Room and Mezzanine·

The designation surveys indicated residual radioactive contamination above DOE guidelines

in Building 3 on most of the floors and walls in the tool room and the floor of the mezzanine

above the tool room.

Approximately 45 m2 (480 frl) of floor areas and 20 m2 (230 te) of wall areas in the tool

room and approximately 30 m2 (320 fr2) of floor areas in the mezzanine were decontaminated.

These areas were decontaminated using the same techniques previously described.

126_0008 (05/06/96) 14



Brick Floor Room

The designation surveys revealed residual radioactive contamination above DOE guidelines

in the brick floor room on most of the floors; approximately 10 m3 (13 yd3
) of brick and soil was

excavated. Approximately 85 m2 (910 ftl) of contaminated wall area was remediated using the

same techniques previously described.

3.1.2 Exterior Areas

Remedial action involving the excavation of radioactively contaminated soil was performed

along the western side of Building 3. Approximately 27 m3 (35 yd3
) was removed from this area.

3.2 CONTAMINATION CONTROL DURING REMEDIAL ACTION

During the removal action, engineering controls, administrative controls, work practice

controls, and personal protective equipment were used to protect remediation workers and

members of the general public from exposure to radiation in excess of applicable standards.

These controls are outlined in the health and safety plan for the site (BNI 1993a). These

measures also prevented radioactive material from migrating to adjacent, uncontaminated areas of

the site.

All personnel working in contaminated areas were required to use personal protective

equipment specified in the hazardous work permit. If conditions warranted, additional protective

clothing and equipment such as hoods and respirators were used.

Workers leaving radioactively contaminated work areas were subjected to a whole-body

scan (frisked) at the control point by a health physics technician with a hand-held radiation

detection instrument to ensure that they were not radioactively contaminated and to prevent the

potential spread of radioactive contamination to a clean area. If large portions of disposable

protective clothing were contaminated, the clothing was disposed of as radioactive waste. To

minimize the amount of radioactive waste, if only small areas of the clothing were contaminated,

those areas were cut out and disposed of as radioactive waste.

The primary exposure pathways for onsite personnel during remediation activities were

exposure to external gamma radiation and the inhalation and ingestion of radioactively

contaminated airborne dust from the mechanical decontamination of interior structural surfaces.

HEPA filtration units and the VacuBlast™ decontamination system were used to control the spread

of dust and minimize the potential for contaminants to become airborne.

126_0008 (05/06/96) 15
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The primary exposure pathways to radioactive material for members of the general public

were inhalation and ingestion of radioactively contaminated airborne dust generated during the

excavation of contaminated soils outside Building 3. During excavation of the exterior area, the

potential for dust migration was minimized by maintaining adequate soil moisture with a fine mist

of water.

During remediation, area air particulate sampling was performed adjacent to areas being

remediated to ensure that no member of the general public was exposed to radioactivity above the

DOE guideline (DOE Order 5400.5). This guideline was established to protect members of the

general public and the environment against undue risk from radiation. An Eberline RAS-I

high-volume air sampler was used, and the filters were collected daily and counted after a period

of time to allow for radon decay. The limits expressed in DOE Order 5400.5 are derived

concentration guides (DCGs); a DCG is the concentration of a particular radionuclide that would

yield a committed effective dose equivalent of 100 mremlyr, the DOE basic dose limit, to an

individual continuously exposed to the radionuclide by one pathway for an entire year.

Concentrations of uranium-238 measured by area particulate air samplers at the access control

point within Building 3 ranged from background to 4.2 x 10-12 j.tCi/ml (0.004 pCi/L) and

averaged 1.8 x 10-13 j.tCi/ml (0.0018 pCi/L). The DCG is 2.0 x 10-12 j.tCi/ml (0.002 pCi/L) for

uranium-238.

Particulate air monitoring devices were also placed in the areas being remediated. The

concentrations of uranium-238 ranged from indistinguishable from background to 1.1 x

10- 10 j.tCi/ml (0.11 pCi/L). These concentrations were conservatively derived by collecting air

particulate samples daily from lapel air samplers worn by workers. After the gross activity per

volume of air that passed through the filter was determined, the source of all activity on the filter

was conservatively assumed to be uranium-238. _The measured airborne concentrations were then

compared with the applicable DOE guideline, the derived air concentrations (DACs). For

occupational exposures to airborne uranium-238, the DAC is 2.0 x 10- 11 j.tCi/ml (0.02 pCi/L)

(DOE Order 5480.11). The high concentration of uranium-238 was measured by a lapel monitor

that was worn by a worker in respiratory protection over a period of 3 hours and 45 minutes

during the decontamination of the west furnace. A high-volume air sampler at the perimeter of

the work area measured a concentration of 1.9 x 10- 13 j.tCi/ml over 9 hours, well below the

DCG.

126_0008 (05/06/96) 16



4.0 POST-REMEDIAL ACTION MEASUREMENTS

After each portion of the site was decontaminated, a survey of that area was conducted to

confirm that no residual radioactive contamination above DOE guidelines remained (see

Table 2-1). Initial post-remediation surveys were conducted by TMA, the BNI radiological

support subcontractor. Survey techniques used during the post-remediation and verification

surveys included direct (nontransferable and transferable) surface contamination measurements,

walkover gamma scans, exposure rate measurements, and soil sampling. The Aliquippa Forge
Site Post-Remedial Action Survey Plan references the methodologies for each of the survey

techniques (BNI 1993b). aRISE, functioning as the IVC, performed independent verification

surveys of the remediated areas using survey techniques similar or identical to those used by

TMA. The IVC survey data will be issued in a separate report by aRISE.

4.1 EXTERIOR AREAS

An area of soil outside the western side of Building 3 determined to be contaminated above

the site-specific guidelines for uranium-238 in soil was excavated (see Figure 4-1); the

excavations were then surveyed. The surveys consisted of obtaining direct gamma measurements

using a gamma scintillation detector connected to a scaler. Post-remediation soil samples were

obtained from each excavation and analyzed to verify that the remaining soil met established

cleanup criteria.

4.1.1 Surface Gamma Radiation Scans and Dose Rate Measurements

As excavation proceeded in exterior areas, post-remedial walkover surface scans were

conducted to determine whether the remaining soil met the site-specific cleanup criteria. The

surveys used a gamma scintillation detector connected to a scaler. The walkover survey provided

immediate feedback so that additional excavation could be performed if residual contamination

appeared to exceed remedial action guidelines. The area was then surveyed again to verify that

the contamination had been removed.

After excavation was completed, gamma radiation exposure rates were measured with a PIC

at 1 m (3 ft) above the ground surface in each remediated area to obtain measurements in I-tR/h.

The result in I-tR/h was then converted to mrem/yr by multiplying by the number of hours in a

year that a person would be expected to be near the contamination and by a unit conversion factor

of 1,000. The average offsite background exposure rate for the area was 10.1 I-tR/h. Exposure

rates for the exterior areas ranged from 8.7 to 9.6 I-tR/h, indistinguishable from background;

locations, using the site grid, are shown in Figure 4-1. All results are presented in Table 4-1.
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Table 4-1

Exterior Excavation Post-Remedial Action

Gamma Radiation Exposure Rates

Coordinates

East North Exposure Rate (JlRlh)3

-3.0 35.0 9.0

-8.0 35.0 8.8

-3.0 30.0 9.1

-8.0 30.0 8.7

-3.0 25.0 9.4

-5.0 25.0 9.2

-8.0 25.0 9.6

-3.0 20.0 9.3

-8.0 20.0 9.1

3Results are indistinguishable from background (approximately
10.1 JlRlh)
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4.1.2 Soil Sampling

Composite post-remediation soil samples were also taken from the excavated area and 9
analyzed to determine the radionuclide concentrations in the remaining soil before the excavation

was backfilled. Composite samples were collected to provide samples representative of a 100-m2

(l,lOO-ftl) area. Twenty-five evenly spaced locations within the 100-m2 (l, 100-ff) area were

composited to provide each composite sample. Soil results include the background level of

1.4 pCi/g for uranium-238. The two soil samples analyzed for the exterior excavation contained

levels of 7.6 and 12.3 pCi/g. Results are presented in Table 4-2. Soil sampling was the primary

method used to confirm that all radioactively contaminated soil exceeding DOE cleanup guidelines

had been removed.

4.2 INTERIOR AREAS

Direct alpha measurements were taken with an alpha scintillation detector connected to a

scaler. Direct beta/gamma measurements were obtained with a Geiger-Mueller beta/gamma

survey instrument probe, also attached to a scaler. Direct measurements were obtained by

placing the probe on the surface to be surveyed and allowing pulses to accumulate for 30 seconds
on the scaler. These measurements were then converted, with appropriate calibration and

conversion factors, to dpmllOO cm2 and compared to the DOE guidelines. Five locations within

a 1-m2 (ll-ff) area or smaller were taken and averaged to compare to the average residual

contamination guideline of 5,000 dpmllOO cm2 (Table 2-1). The maximum allowable
concentration for residual contamination left in place is 15,000 dpm/lOO cm2

; this guideline

applies to an area of 100 cm2 (0.11 ft2
) or smaller.

On floors and wall surfaces, before discrete post-remedial action survey locations were

identified and measurements taken, the entire area was scanned to ensure that no small, isolated

areas of contamination were missed during the removal action. Measurements were biased within

specific 1-m2 (11-ft2
) areas to demonstrate that previously contaminated areas were no longer

contaminated above criteria. Direct readings were also taken in adjacent areas within

approximately 0.5 m (2 ft) of the formerly contaminated areas to verify that contaminants had not

spread to previously clean areas during the removal activities.

Transferable (removable) alpha and beta/gamma contamination was also measured, at a

minimum, at any location that exhibited direct alpha or beta/gamma contamination above the

guideline for removable contamination (1,000 dpmllOO cm2
).

Composite post-remediation soil samples were also taken from all of the excavated areas
and analyzed to determine the radionuclide concentrations in the remaining soil before the

excavations were backfilled. Samples were composited to ensure that results were representative
of 100 m2 (1,100 ft2

) of remediated area. Soil results include the background level of 1.4 pCi/g
for uranium-238.

126_0008 (05/06/96) 20



Table 4-2

Soil Composite Verification Samples

Concentration (pCi/g ± 2 sigma)a

Sample Location Uranium-238 Radium-226 Thorium-232

Mica pit in Building 3 2.70 ± 1.90 1.10 ± 0.08 1.30 ± 0.13

Western exterior of Building 3 12.30 ± 3.20 0.61 ± 0.15

Western exterior of Building 3 7.60 ± 3.70 0.60 ± 0.14

Brick floor room <2.80 1.00 ± 0.48

Grid 1A - Building 3 <2.70 <0.84 0.68 ± 0.40

Grid 1B - Building 3 6.10 ± 1.90 0.93 ± 0.09 0.72 ± 0.36

Grid 2A - Building 3 13.40 ± 3.30 0.88 ± 0.27 1.30 ± 0.10

Grid 2B - Building 3 9.90 ± 2.00 0.90 ± 0.23 1.10 ± 0.01

Grid 3A - Building 3 <7.40 1.70 ± 0.29 1.10 ± 0.34

Grid 3B - Building 3 12.00 ± 3.20 1.20 ± 0.83 0.92 ± 0.61

Grid 4A - Building 3 <7.60 0.88 ± 0.18 1.90 ± 2.10

Grid 4B - Building 3 <6.80 0.73 ± 0.12 1.40 ± 0.98

Grid 5A - Building 3 12.60 ± 7.70 0.76 ± 0.10 1.00 ± 0.87

Grid 6A - Building 3 11.51 ± 1.15 0.95 ± 0.26 <0.85

Surface guideline (above 50 5 5
background)b

Subsurface guideline (above 50 15 15
background)C

aResults include background.
bPirst 15 cm (6 in.) of soil below the surface:
CAny 15-cm- (6-in.-) thick soil layer below the surface layer.
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The following sections describe the post-remedial action measurements results for the b
interior areas at the site.

Most of the contamination at the Aliquippa Forge site that was subject to remedial action

under FUSRAP has been removed. However, the roof panel joints, the area between the roof

panels and purlins containing contaminated dust and debris, and the concrete support pedestals in

Building 3 are areas where supplemental limits were justified because the exposure risk to

workers and members of the general public is very low relative to the high cost of performing

remedial action. Conservative exposure scenarios that consider all credible internal and external

pathways for a hypothetical employee in the building, and for a future demolition worker

involved in the demolition of Building 3, have been calculated in the hazard assessment

(Appendix A). The potential annual dose to a building employee is within the range of

background exposure for the area. The potential annual dose to a future demolition worker

would be approximately 15.0 rnrem if one worker is assumed to perform all the removal work.

Building 3

Direct and transferable contamination measurements were made on remediated surfaces in

Building 3, including overheads (trusses and purlins), floors, walls, and equipment in the west

cutter pit. Figures 4-2 through 4-7 show remediated areas and survey measurement locations.

Results are presented in Table 4-3. Except for the small quantity of radioactive material

evaluated and discussed in the hazard assessment (Appendix A), no residual contamination above

DOE guidelines was detected in any area of Building 3 after remediation. Although some direct

beta/gamma results for individual isolated areas were above the average guideline of

5,000 dpmllOO cm2
, they are below DOE guidelines when averaged with the other measurements

over the surrounding l-m2 (il-ft2) area, as directed in DOE's Verification and Certification

Protocol (DOE 1990b). All direct beta/gamma results were below the maximum DOE guideline

of 15,000 dpm/lOO cm". Appendix B presents the data used for averaging and figures showing

the measurement locations.

Results for the composite soil samples collected in the west bay area and the mica pit are

shown in Table 4-2. One sample was composited from the mica pit, and one sample was

composited from each of the grids shown in Figure 3-1. All results are below the DOE

guideline.

In addition to the composite soil samples collected, biased soil samples were collected from

locations that exhibited elevated readings revealed by a lOO-percent survey of the west bay area in

Building 3 (with an HP-260 beta detector). Sampling locations are shown in Figure 4-8, and

results are presented in Table 4-4. All results for these soil samples are below the site-specific

guideline for uranium-238 in soil.
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Table 4-3
Summary of Post-Remedial Action Radiological Survey Results for the Aliquippa Forge Site

Direct Surface Contamination Transferahle Contamination

Alpha Beta/Gamma" Alpha Beta/Gamma

Sample
Numher of

Sample
Numher.of

Sample
Numherof

Sample
Numher of

Activity Range"
Measurements

Activity Range"
Measu rements

Activity Range"
Measurements

Activity Range"
Measurements

Locatilln Area (dpml100 em') (dpm/l00cm') (dpm/IOOcm'l (dpm/100 cm2
)

Bldg 3

Super- 26-3R7 102 B-3.R93 102 B-IR 46 B-81 ~ 46
structure .::-
Truss HI B-211 95 B-1.210 95 B-9 95 B-69

1-6
95

-.0

Truss H2 B-l22 95 B-2.712 95 B-15 3 10-49 0' 3

Truss H3 B-290 95 B-2.219 95 B-9 8 B-34 CO
8

Truss H4 B-I.OR6 95 B-5.090 95 B-76.3 89 B-171.8 89

Tmss H5 B-1.I57 95 8-4.833 95 2-31 16 B-88 16

N Truss H6 B-3.415 95 B-IO.964 95 B-131 58 B-175 58
\0

Truss H7 27-510 44 B-I.7ID 44 B-9 7 B-32 7

Tmss H8 23-516 44 B-5.348 44 2-33 26 16-150 26

Tmss H9 2-1.255 44 B-IO'<154 44 B-86 23 B-258 23

Tmss H10 64-1.019 44 52-5.199 44 B-55 35 B-283 35

Tmss H11 B-1.015 95 B-13.001 95 B-71 32 B-125 32

Truss H12 B-l.586 58 B-3.631 58 B-15 14 B-62 14

Tmss HI3 B-1.604 5R B-952 58 8 1 3

Tmss H14 11-483 14 B-599 14

Purlins
hetween
trusses

1&2 B-112 109 8-1.254 109 B 1 4

2&3 B-169 109 B-I.362 IOC) B 2 B 2

3&4 B-885 109 9-5.385 109 R-39.4 105 B-135.1 105

4&5 B-434 109 B-R.58R 109 B-43 20 B-88 20

5&6 B-I.019 82 B-4.938 82 B-18 31 B-78 31



Table 4-3
(continued)

Direct Surface Contamination Transferable Contamination

Alpha Beta/Gamma' Alpha Beta/Gamma

Sample
Numher of

Sample
Numher of

Sample
Numher of

Sample
Number of

Activity Range"
Measurcments

Activity Range"
Measurements

Activity Range"
Measurements

Activity Range"
Measurements

Location Area (dpm/IOO cm') (dl'm/loo cm') (dpm/IOO cm') (dpm/IOO cm')

6&7 6-653 X2 B-4.020 X2 B-15 8 B-45 8

7&8 B-1.311 X2 B-5.430 82 B-II\ 28 B-63 28

8&9 B-2.231 1\2 B-7.779 82 2-69 56 B-235 56

9 & 10 B-2.570 82 B·6.RIO 1\2 B-35 66 B-201 66

10& II B-949 1\2 30-5.027 1\2 B-43 57 B-193 57

II & 12 B-345 82 B-2.931 X2 2-42 45 B-150 45

12 & 13 B-I.549 1\1 B-6.191 XI B-II\ 5 B-61\ 5

w D& 14 B-882 81 B-XRI 81
0

West Wall

Bay #1 B-79 18 D-DO 18

Bay #2 B-I23 18 B-DO 18

Bay #3 B-105 18 B-691 18

Bay #4 B-180 \R B-\.229 18 6 I B

Bay #5 -- -- 877-8.362 10

Bay #6 B-91 IX B-I.690 11\ 6 I B

Bay #7 B-234 18 D-2.803 IX 9-14 2 26-36 2

Bay #8 B-I27 18 B-2.151 11\ 3-12 2 B-26 2

Bay #9 2-145 18 D-2.803 IX 1-20 4 B-97 4

Bay #10 B-91 IX B·I.5J(, IX B \ B 1 ......
Bay #11 B-109 IX B-l.920 IX 9 I 22 1

.~

......
West B-450 (,3 8·1.753 63 5-X 3 9-47 3 ....0

Currer Pit (j"

Equipment



Direct Surface Contamination

Table 4-3
(continued)

Transferable Contamination

Alpha Beta/Gamma' Alpha Beta/Gamma

Sample
Numh,er of

Sample
Numher nf

Sample
Number of

Sample
Number of

Activity Range"
Measurements

Activity Range"
Measurements

Activity Range"
Measurements

Activity Range"
Measurements

(dpm/IOO cm') (dpm/IOO cm') (dpmllOO cm') (dpm/IOO cm')

B-403 2,357 B-4,636 2,357 B-23 641 B-84 641
~
~
~

...0
B-106 41 B-2,059 41 B-II 7 1-96 7 0'
B-189 29 B-880 29 -- -- -- -- en
B-148 61 B-3,207 61 B-27 24 B-139 24

B-179 62 B-3,864 62 2-14 10 B-120 10

B-93 12 671-2.722 12 2-15 10

Vol-

Location Area

East Bay
Floor

Bldg 8

South Wall

Floor

West
Generator

Pit

East
Generator

Pit

West
Generator

Wheel

East
Generator

Wheel

Basement

Tool Room

Mezzanine
Floor

Brick
Floor
Room

Walls &
Overheads

B-35

B-91

B-150

6-135

B-296

12

15

99

III

53

B-l.514

152-2.034

B-3,140

B·931

B·2.685

12

15

99

III

53

5-8

B-5

B-11

B·17

2

9

26

18

43-81

B-61

8-90

B-90

2

9

26

18

'Although some individual heta/gamma measurements exceeded the average criterion of 50(Xl dpm/ HXl em', none exceeded the criterion when averaged over a I-m' (l0.75-ft') area.
"A "B" indicates that the result was equalt" or less Ihanlhe insln.lment hackground. (Typical instrumcnt hackgrnunds: 30 and 500 dpm/IOO cm' for direct alpha and heta/gamma. respectively: and 5 and
55 dpm/IOO em' for transferahle alpha and hela/gaml11a. respectivcly),
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Table 4-4

Results from Soil Samples Collected from

Elevated Reading Locations

Coordinates ConcentrationS
Location Grid [pCi/g ± (sigma)2]
Number East North Location Uranium-238

1 8.0 0 1A 12.90 ± 2.60

2 3.0 8.3 1A 9.00 ± 0.39

3 2.8 4.0 1A 9.10 ± 0.14

4 11.3 4.8 1B 3.90 ± 1.50

5 10.5 9.3 1B 10.20 ± 0.03

6 14.5 2.3 1B 13.70 ± 1.50

7 3.5 18.0 2A 13.50 ± 0.57

8 6.5 19.0 2A 4.00 ± 0.38

9 6.0 16.5 2A 30.40 ± 4.00

10 6.0 12.5 2A 13.90 ± 0.03

11 0.8 19.0 2A 26.50 ± 1.70

12 3.0 14.0 2A 36.60 ± 1.70

13 2.0 11.0 2A 11.80 ± 0.63

14 10.0 10.5 2B 13.90 ± 1.30

15 12.0 14.0 2B 31.40 ± 1.60

16 10.5 15.5 2B 20.80 ± 2.10

17 11.5 19.5 2B 16.50 ± 1.50

18 14.5 18.3 2B 8.40 ± 1.20

19 0.5 29.5 3A 29.20 ± 2.80

20 4.5 26.0 3A 14.70 ± 1.90

21 1.7 21.0 3A 21.30 ± 3.10

22 7.5 25.0 3A 5.10 ± 0.77

23 9.5 20.5 3A 7.10 ± 1.60

24 10.0 20.5 3B 36.50 ± 3.10

25 15.5 23.5 3B 28.80 ± 2.20

26 14.8 25.8 3B 15.80 ± 2.00

27 4.0 33.5 4A 25.30 ± 1.10
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Table 4-4 1q,.b ~
(continued)

\ -

Coordinates Concentration
Location Grid [pCilg ± (sigma)2]
Number East North Location Uranium-238

28 7.0 34.5 4A 5.60 ± 0.56

29 9.0 37.0 4A 29.30 ± 1.10

30 10.8 32.0 4B 33.20 ± 6.70

31 12.0 35.5 4B 18.50 ± 0.61

32 14.0 37.0 4B 14.40 ± 0.90

33 11.0 39.0 4B 12.70 ± 3.20

34 2.3 43.0 5A 2.80 ± 0.71

35 3.0 40.0 5A 30.60 ± 0.70

36 6.0 49.0 5A 33.50 ± 1.20

37 3.5 48.0 5A 21.00 ± 3.60

38 11.0 44.3 5B 35.00 ± 0.83

39 10.5 45.3 5B 25.10 ± 3.00

Guideline 50
(above

background)

aResults include background, 1.4 pCi/g.
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1419 b
After remediation of the east bay floor was completed, no residual contamination above

DOE guidelines was detected. Direct alpha measurements ranged from indistinguishable from

background to 403 dpm/lOO cm2
, and direct beta/gamma measurements ranged from

indistinguishable from background to 4,636 dpm/ I00 cm2
• Transferable alpha measurements

ranged from indistinguishable from background to 23 dpm/ 100 cm2
, and transferable beta/gamina

measurements ranged from indistinguishable from background to 84 dpm/ 100 crrr. ,

After remediation was completed, air sampling was performed to ensure that the annual

radon decay product concentration inside the building did not exceed 0.03 working level (WL) as

required by DOE Order 5400.5. A WL is any combination of short-lived radon decay products

in one liter of air that will result in the ultimate emission of 1.3 x Hf MeV of potential alpha

energy. The WLs for the three air samples ranged from 0.004 to O.OlO, with an average of

0.007.

Post-remedial action exposure rates for the interior area of Building 3 ranged from

7.2 fLR/h to 11.6 fLR/h, indistinguishable from background (10.1 fLR/h).

Building 8 (Compressor Room)

Direct and transferable contamination measurements were collected from remediated

surfaces in Building 8, including overheads (trusses and purlins, as shown in Figures 4-2, 4-3,

and 4-4), floors, and walls. Figures 4-9 through 4-12 show remediated areas and survey

measurement locations; results are presented in Table 4-3. No residual contamination above

DOE guidelines was detected in any area of Building 8 after remediation.

Tool Room and Mezzanine

Direct and transferable contamination measurements were made on remediated surfaces in

the tool room and the mezzanine directly above it, including floors and walls. Figures 4-13 and

4-14 show remediated areas and survey measurement locations; results are presented in

Table 4-3. No residual contamination above DOE guidelines was detected in any of the

remediated areas.

Brick Floor Room

Direct and transferable contamination measurements were made on remediated surfaces in

the brick floor room, including walls and overheads. Figures 4-15 through 4-17 show areas of

remediation and survey measurement locations; results are presented in Table 4-3. No residual

contamination above DOE guidelines was detected in any of the areas remediated. In addition, a

composite soil sample was collected from the excavation in the brick floor room. This result is

presented in Table 4-2 and is below the DOE guideline.
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Two external gamma radiation exposure rates were measured after excavation in the brick

floor room. Both results were below DOE guidelines. Results and locations are shown in

Figure 4-18.
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5.0 POST-REMEDIAL ACTION STATUS

The Aliquippa Forge Site Post-Remedial Action Survey Plan was reviewed and accepted by

the IVe. Analytical results for post-remedial action surveys indicate that the concentrations of

residual radioactivity in the remediated areas (except for the western side roof panels and three

concrete pedestals) are in compliance with applicable DOE cleanup guidelines for residual

radioactive contamination. In addition to its independent surveys, the IVe reviewed the

post-remedial action surveys and results, measurement procedures, and quality assurance data to

determine whether the measurements obtained verify that these areas comply with the established

DOE guidelines for the site.

After completing the verification process, the IVe reported its findings and

recommendations to DOE-Headquarters and the DOE Oak Ridge Operations Office

(ORISE 1995). Except for the residual radioactive material evaluated and discussed in the hazard

assessment (Appendix A), the IVe verified that surface activity levels were within the DOE

surface contamination guidelines and that exposure rate measurements and soil samples were in

compliance with their respective guidelines.

DOE reviewed the data to determine whether the remedial action was successful. Based on

this review, radiological conditions at the site were determined to be in compliance with DOE

decontamination criteria and standards to protect health, safety, and the environment, and DOE

certified the site as being appropriate for future use without radiological restrictions.

5.1 SUMMARY OF HAZARD ASSESSMENT OF ROOF PANELS AND PEDESTALS

Based on the results of the hazard assessment (Appendix A), supplemental limits for the

roof panel joints, the area between the purlins and roof panels, and the concrete pedestals in

Building 3 at the Aliquippa Forge site will be sufficiently protective to meet the requirements of

DOE Order 5400.5. DOE approved the supplemental guidelines for the roof and support

pedestals (Wagoner 1995).

The primary exposure scenarios for the residual radioactive material in Building 3 are a

hypothetical building employee and a future demolition worker. The potential annual dose to a

building employee is within the range of background exposure for the area. The potential annual

dose to a future demolition worker would be approximately 15.0 rnrem if one worker is assumed

to perform all the removal work for the concrete pedestals and the roof panels.
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1.0 INTRODUCTION AND SUMMARY
. #19 b 8
~ -

1.1 OBJECTIVE AND SCOPE

This report evaluates the maximum dose that a member of the public could receive

from residual radioactive material left in place at the Aliquippa Forge site in Aliquippa,

Pennsylvania. Residual radioactive material remains in place in the contact area between the

purlins and roof panels, in the overlapping roof panel joints, and on the concrete support

pedestals in Building 3.

In 1974 the United States Congress authorized the Atomic Energy Commission (AEC),

a predecessor agency to the U.S. Department of Energy (DOE), to institute the Formerly

Utilized Sites Remedial Action Program (FUSRAP). The objective of FUSRAP, now

managed by DOE, is to identify and clean up or otherwise control sites where residual

radioactive contamination (exceeding current guidelines) remains from the early years of the

nation's atomic energy program or from commercial operations causing conditions that

Congress has authorized DOE to remedy. The Aliquippa Forge site is one of the sites used

during the early years of the AEC nuclear program.

The remedial action guidelines for alpha activity resulting from residual uranium are

5,000 dpm/lOO em:! average; 15,000 dpm/lOO cm:! maximum for fixed (nontransferable); and

I ,000 dpm/lOO cm:! for transferable alpha activity (see Table 1). However, DOE protocol

provides for the release of property without radiological restrictions in cases where residual

radioactive material may exceed release guidelines but does not pose a present or future

exposure risk and where the cost of remedial action is unreasonably high relative to the

long-term benefits (DOE 1986 and 1990). The protocol requires that any supplemental limits

achieve the basic dose limit of 100 mrem/yr to any member of the general public. This

method implements as low as reasonably achievable (ALARA) protocol as mandated by DOE

Order 5400.5. This limit has been determined to be safe and will not contribute a significant

dose to current or future workers or the general public. This hazard assessment provides

documentation that the residual contamination left in place at the Aliquippa Forge site will

not result in a radiation dose at, or above, 100 mrem/yr to a member of the general public.

A-9
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Table 1
Summary of DOE Guidelines for Residual Radioactive Contamination

BASIC DOSE LIMITS
(

The basic limit for the annual radiation dose (excluding radon) received by an individual member of the general
public is 100 mrem/yr. In implementing this limit, DOE applies ALARA principles to set sne-specific guidelines.

SOIL GUIDELINES

Radlonucllde

Radium-226'
Radium-228
Thorium-230
Thorium-232

Other Radionuclides

STRUCTURE GUIDELINES

Soli Concentration (pCl/g) Above Backgrounda,b,c

5 pCi/g when averaged over the first 15 cm of soil below
the surface; 15 pCilg when averaged over any 15-cm-thick
soil layer below the surface layer.

Soil guidelines will be calculated on a site-specific
basis using the DOE manual developed for this use.

Airborne Radon Decay Products

Generic guidelines for concentrations of airbome radon decay products shall apply to existing occupied or
habitable structures on private property that has no radiological restrictions on its use; structures that will be
demolished or buried are excluded. The applicable generic gUideline (40 CFR 192) is: In any occupied or
habitable building, the objective of remedial action shall be, and reasonable effort shall.be made to achieve,
an annual average (or equivalent) radon decay product concentration (inclUding background) not to exceed
0.02 WLd

. In any case, the radon decay product concentration (including background) shall not exceed
0.03 WL. Remedial actions are not required in order to comply with this guideline when there is reasonable
assurance that residual radioactive materials are not the cause.

External Gamma Radiation

The average level of gamma radiation inside a building or habitable structure on a site that has no radiological
restrictions on its use shall not exceed the background level by more than 20 J.!R!h and will comply with the
basic dose limits when an appropriate-use scenario is considered.

Indoor/Outdoor Structure Surface Contamination

Allowable Surface Residual ContaminationS
(dpm/100 cm 2)

4.132 1890.2

Radionuclidef

Transuranics, Ra-226, Ra-228, Th·230, Th-228
Pa-231, Ac-227, 1-125, 1-129'

Th-Natural, Th-232, Sr-90, Ra-223, Ra-224
U-232, 1-126, 1-131, 1-133

U-Natural, U-235, U-238, and associated decay products

Beta-gamma emitters (radionuclides with decay
modes other than alpha emission or spontaneous
fission) except Sr-90 and others noted above'

A-lO

Averageg,h

100

1,000

5,000 lX

5,000 rl - Y

Maximumh,1

300

3,000

15,000 lX

15,OOOrl-y

Removableh,)

20

200

1,000 a

1,000 rl - Y
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Table 1

(Continued)

aThese guidelines take into account ingrowth of radium-226 from thorium-230 and of radium-228 from thorium-232.
and assume secular equilibrium. If e~her thorium-230 and radium-226 or thorium-232 and radium-228 are both
present, not in secular equilibrium, the guidelines apply to the higher concentration. If other mixtures of
radionuclides occur, the concentrations of individual radionuclides shall be reduced so that (1) the dose for the
mixtures will not exceed the basic dose limit, or (2) the sum of ratios of the soil concentration of each radionuclide
to the allowable limit for that radionuclide will not exceed 1 ("unity").

brhese guidelines represent allowable residual concentrations above background averaged across any 15-cm-thick
layer to any depth and over any contiguous 100-m2 surface area.

CIf the average concentration in any surface or below-surface area less than or equal to 25 m2 exceeds the
authorized limit or guideline by a factor of (100/A)112, where A is the area of the elevated region in square meters,
Iim~s for "hot spots" shall also be applicable. Procedures for calculating these hot spot limits, which depend on the
extent of the elevated local concentrations, are given in the DOE Manual for Implementing Residual Radioactive
Materials GUidelines, DOEICH/8901. In addition, every reasonable effort shall be made to remove any source of
radionuclide that exceeds 30 times the appropriate limit for soil, irrespective of the average concentration in the soil.

dA working level (WL) is any combination of short-lived radon decay products in 1 liter of air that will result in the
ultimate emission of 1.3 x 10s MeV of potential alpha energy.

eAs used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material as
determined by correcting the counts per minute measured by an appropriate detector for background, efficiency,
and geometric factors associated with the instrumentation.

'Where surface contamination by both alpha- and beta-gamma-emilting radionuclides exists, the limits established for
alpha- and beta-gamma-emitting radionuclides should apply independently.

9Measurements of average contamination should not be averaged over an area of more than 1 m2 . For objects of
less surface area, the average should be derived for each such object.

hThe average and maximum dose rates associated with surface contamination resulting from beta-gamma emitters
should not exceed 0.2 mrad/h and 1.0 mrad/h, respectively, at 1 cm.

iThe maximum contamination level applies to an area of not more than 100 cm2 •

iThe amount of removable radioactive material per 100 cm2 of surface area should be determined by wiping an area
of that size with dry filter or soft absorbent paper, applying moderate pressure, and measuring the amount of
radioactive material on the wipe with an appropriate instrument of known efficiency. When removable contamination
on objects of surface area less than 100 cm2 is determined, the activity per unit area should be based on the
actual area and the entire surface should be wiped. It is not necessary to use wiping tehniques to measure
removable contamination levels if direct scan surveys indicate that total residual surface cotaminalion levels are
within the limits f·or removable contamination.

KGuidelines for these radionuclides are not given in DOE Order 5400.5; however, these guidelines are considered
applicable until guidance is provided.

I This category of radionuclides includes mixed fission products, including the Sr-gO which is present in them. It
does not apply to Sr-gO which has been separated from the other fission products or mixtures where the Sr-gO has
been enriched.

4.1321800.3
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Most of the contamination at the Aliquippa Forge site that is subject to remedial action

under FUSRAP has been removed. However, the roof panel joints, the area between the

roof panels and purlins containing contaminated dust and debris, and the concrete support

pedestals in Building 3 are areas where supp1ementa11imits appear justified because the

exposure risk to workers and members of the general public is very low relative to the high

cost of performing remedial action.

1.2 BACKGROUND

The Aliquippa Forge site covers approximately 3.2 ha (8 acres); there are 10 buildings

and other support structures on the site (Figure 1). The property is currently owned by

Beaver County Corporation for Economic Development.

From July 1948 to late 1949, Building 3 was used by AEC for uranium-rolling

operations. Uranium billets produced at other facilities were sent to the site to be rolled into

rods. The finished rods were boxed and shipped for use at other sites.

Radiological surveys conducted in 1978, 1987, and 1992 indicated that Building 3 was

contaminated with radioactive material on floors, walls, and roof panel joints and on

overhead beams above the furnaces that have been used for heating billets. Some

contaminated steel flooring was found outside the building alongside the cooling basin, and

contamination was also identified on the floor of Building 8. The primary contaminant was

identified as processed natural uranium.

Interim remedial action was conducted in Building 3 in 1988 to allow restricted use of

the building by Aliquippa Forge, Inc. Most of the building was remediated by removing

contaminated materials and equipment and placing a barricade around the remaining

contaminated area. In 1993 additional remedial action was undertaken to decontaminate the

site for unrestricted use.

126_0007 (06/09195)
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Site Plan of the Aliquippa Forge Site, West Aliquippa, Pennsylvania
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1.3 SUMMARY

Based on the results of this hazard assessment, supplemental limits for the roof panel

joints, the area between the purlins and roof panels, and the concrete pedestals in Building 3

at the Aliquippa Forge site will be sufficiently protective to meet the requirements of DOE

Order 5400.5.

The primary exposure scenarios for the residual radioactive material in Building 3 are a

hypothetical building employee and a future demolition worker. The potential annual dose to

a building employee is within the range of background exposure for the area. The potential .

annual dose to a future demolition worker would be approximately 15.0 mrem if one worker

is assumed to perform all the removal work for the concrete pedestals and the roof panels.

A-14
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2.0 DESCRIPTION AND STATUS OF PROPERTY

:. 4 b

2.1 PROPERTY DESCRIPTION

The Aliquippa Forge site is located in a mixed industrial/residential area on 3.2 ha

(8 acres) of land along the Ohio River. The property contains 10 buildings, an office trailer,

a metal shed, 2 water towers, a cooling tower, and a small cooling basin. The controlled

portion of the site is fenced on the western and northern sides, and the outer walls of

Buildings 1, 2, and 3 limit access from the eastern and southern sides of the property.

Much of the area north of the buildings is covered with heavy brush and discarded

equipment. The southwestern section, west of Buildings 2 and 3, consists of a hard-packed,

soil and gravel parking area bordered on the west by a small creek. The area between the

buildings is mostly paved with brick or concrete or covered with gravel.

Building 3 has a cinderblock foundation and sheet metal walls and roofing; it is

connected to Buildings 2 and 8. As shown in Figure 2, the building consists of an east bay

area and a west bay area with I-beam supports along the connection of the two areas. The

I-beams are supported by concrete pedestals embedded in the floor. Each bay is roofed with

a triangular-truss system covered with corrugated sheet metal panels. Purlins run between

the trusses to provide support for the roofing panels. The floor of the building includes areas

of dirt, concrete, and brick flooring. The residual radioactive material exceeding DOE

guidelines that is addressed in this hazard assessment is on three of the nine concrete

pedestals that support I-beams and on the Building 3 roof. The roof contamination includes

radioactive material in the joints between overlapping roof panels and in the dust and debris

between the roof panels and the purlins.

2.2 CURRENT RADIOLOGICAL STATUS OF THE ROOF PANELS AND
CONCRETE PEDESTALS

The 311 beta-gamma activity measurements taken on the 219 roof panels on the western

side of the west bay area ranged from 425 to 26,679 dpm/lOO cm2; the mean for the roof

value was 2,348 dpm/lOO cm2, with a standard deviation of 3,269 dpm/lOO cm2
. The

A-15
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measurements were taken on the exterior side of the roof panel, whereas the contamination is

assumed to be on the interior side of the panel. The contamination can be characterized as

inaccessible dust, rust, and grimy debris entrapped in the small (I-em) spaces where

corrugated roof panels overlap or where they rest upon supporting purlins. This condition is

confirmed by the pattern of elevated beta-gamma measurements that outline the seams of the

roof panels and locations of the purlins. To correct for the shielding effect of the aluminum

roof panel, all measurements were multiplied by a correction factor of 6.8 for the purposes of

this hazard assessment. This correction factor was derived by the Environmental Survey and

Site Assessment Program of the Oak Ridge Institute for Science and Education

(Abelquist 1993). The eastern side of the roof of the west bay area was not surveyed

because it is inaccessible; the roof is in poor condition and could not be reached using the

largest manlift available. For this hazard assessment, it is conservatively assumed that the

level of contamination on the eastern side of the roof is the same as that on the western side

and that the number of roof panels is the same.

Although access to the east bay roof was limited, it was not designated for remediation

by DOE's independent verification contractor (lVe) for several reasons. The

characterization report explains that the outer edge of the roof was surveyed and no

contamination was found. Also, five surface activity measurements were taken at

penetrations in the low point of the roof between the roof peaks, and all of these

measurements were less than 5,000 dpm/l00cm2 (aRISE 1994).

Historical information indicates that the furnaces present at the time of remediation

were not the original furnaces used in the billet-rolling process (DOE 1994). The locations

of the original furnaces are shown in Figure 2. One empty pad remains, and a new furnace

(2) was built on the second pad. Furnaces 1 and 2, as shown in Figure 2, were not used in

uranium processing. Most of the contamination from the furnaces used in uranium

processing remained in the west bay because the furnaces were located near the exterior Wall,

and a ventilation system in the west bay area would have drawn airborne contamination into

this side of the building. The characterization report explains that surface and subsurface soil

samples taken from the dirt floor in the east bay were uncontaminated (ORISE 1992).

A-17
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The intersection of the west bay and east bay areas is supported by I-beams attached to

concrete pedestals embedded in the floor. Three of the nine concrete pedestals could not be

decontaminated below DOE guidelines because of the deteriorated condition of the pedestals.

The three concrete pedestals were so deteriorated that any aggressive decontamination effort

could have further jeopardized their integrity. Therefore, after initial decontamination

efforts-which did not result in total removal of the contamination to levels below DOE

criteria-the decision was made on the basis of economic factors, extent of contamination,

potential exposure pathways, and other considerations to conduct a hazard assessment for the

three pedestals. The highest direct measurements for each of the three pedestals are shown in

Table 2.

A-19
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Table 2

Measurements of Radioactivity on

Building 3 Concrete Pedestals

f1.~4.19 6. 8

Pedestal 4

Pedestal 5

Pedestal 7

Surface Activity
(max., fixed, beta-gamma)

(dpm/100 cm2)

15,238

26,968

27,572

See Table 1 for cleanup criteria.
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3.0 RADIOLOGICAL ASSESSMENT

To assess the risk from residual contamination in areas where supplemental limits are

being considered, the potential exposure for a hypothetical employee in the building and for a

future demolition worker involved in the demolition of Building 3 have been calculated.

Conservative exposure scenarios that consider all credible internal and external pathways

were evaluated for both workers. The following sections describe these scenarios and the

general assumptions used for the dose calculation. More specific assumptions and parameters

used in the calculation are provided in Appendix A.

3.1 METHODOLOGY AND RESULTS OF INTERNAL DOSE CALCULATIONS

The assumptions used to determine the internal dose calculation for the hypothetical

employee and future demolition worker are discussed below.

3.1.1 Hypothetical Building Employee Internal Exposure

Internal exposure via inhalation or ingestion is not a credible pathway for the

hypothetical building employee scenario. It is assumed that a hypothetical building employee

would not disturb the inaccessible overhead contamination, and therefore the contamination

would remain between the roof panel joints and the roof panels and purlins and would not

create an exposure pathway. The concrete pedestals are embedded in the floor, and the

contamination is fixed. Survey personnel attempted to take smear samples of the pedestals;

however, no contamination could be dislodged. For these reasons, internal exposure to a

hypothetical building employee was not evaluated.

3.1.2 Future Demolition Worker Internal Exposure

For purposes of calculating an internal dose, the assumption is made that a future

worker involved in the demolition of the building is exposed to airborne radioactive material

from the roof panels and the concrete pedestals. It is also assumed that one worker performs

all demolition work; this assumption is extremely conservative.

A-21
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11~. 9_.b 8
Although smear samples did not reveal transferable contamination on accessible .

portions of the roof panels or on the pedestals, it has been assumed that the contamination,

otherwise fixed in place, would be liberated during the forceful, physical procedures

associated with building demolition. In particular, it is plausible that forceful removal of the

metal panels would include bending, hammering, cutting, and dropping of the panels (from

elevation), which may dislodge and release contaminated dust known to be present where the

panels overlap and where they lie upon supporting overhead steel. It is also plausible that the

concrete pedestals would be shattered in place and the rubble subsequently removed. This

activity would probably release some surface contamination.

The uranium at the site was assumed to be natural uranium because historical data

indicated that no enriched or depleted uranium was used. Isotopic analysis by the IVC

confirmed this assumption. Because of the large surface area of the roof, the concentration

of total uranium on the surface of the roof panels was conservatively estimated using an

activity level representing the 95 percent upper confidence limit of the mean activity value.

From this concentration of total uranium, concentrations of uranium-234, uranium-235, and

uranium-238 were derived using the activity ratios for the three isotopes. After a surface

activity for each radionuc1ide was calculated, a conservative mass loading factor was used to

estimate the concentration of each isotope in the air. Based on an estimate by construction

personnel that roof panel removal by hand would require 1 h per panel, the duration of

exposure to the contaminated air was assumed to be 438 h (438 roof panels x 1 h/roof

panel). Using the assumed concentration of each uranium isotope in the air, the duration of

the exposure, and the inhalation dose conversion factor (DCF) for the uranium isotopes, an

inhalation dose to the future demolition worker from removal of the roof panels was

calculated to be 14.0 mrem, as summarized below (see Appendix A for calculations). The

dose conversion factor for uranium-238 includes the two beta-emitting daughters,

thorium-234 and protactinium-234m.

Isotope
Dose

(mrem)

Uranium-234 7.1

Uranium-235 0.3

Uranium-238 6.6

A-22
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The method for calculating the inhalation dose from the removal of the concrete

pedestals is the same as that used for the roof panels. However, in this case an estimate of

the uranium concentration in the concrete ,was based on the plausible assumption that

contamination penetrated to a maximum depth of 1 mm in the pedestal. Also, the 95 percent

upper level confidence limit of the mean value exceeded the maximum survey result obtained.

Therefore, the maximum survey result was used as the level of surface contamination.

Removal of each pedestal was assumed to take 1 h each (based on an estimate by

construction personnel) for a total exposure duration of 3 h for the three pedestals. The

assumed concentration of the uranium isotopes in the air, the duration of the exposure, and

the DCF for inhalation of each isotope were used to calculate an inhalation dose for the

future demolition worker from removal of the concrete pedestals of 0.29 mrem, as

summarized below (see Appendix A for calculations).

Isotope Dose
(mrem)

Uranium-234 0.15

Uranium-235 0.01

Uranium-238 0.13

The future demolition worker may also receive an internal dose from the incidental

ingestion of contaminated dust and dirt. To estimate the amount of material ingested by the

future demolition worker, it was assumed that the worker would ingest 480 mg/day

(EPA 1991) of contaminated dust. The surface concentration for each isotope and the

exposure duration (438 h for the roof panels and 3 h for the concrete pedestals) were used to

estimate the total amount of each isotope ingested. The ingestion dose from the removal of

the roof panels and the concrete pedestals is estimated to be 0.40 mrem and is summarized

below (see Appendix A for calculations).

Isotope
Roof Panel Dose Pedestal Dose

(mrem) (mrem)

Uranium-234 0.20 3.9 x 10-3

Uranium-235 8.5 x 10-3 1.6 X 10-4

Uranium-238 0.19 3.6 x 10-3

A-23
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3.2 METHODOLOGY AND RESULTS OF EXTERNAL DOSE CALCULATIONS

The assumptions used to calculate the external dose for the hypothetical building

employee and future demolition worker are discussed in the following paragraphs.

3.2.1 Hypothetical Building Employee External Exposure

To assess the external exposure for the hypothetical building employee, radiation levels

were measured inside the building; the maximum exposure rate was 11.4 ""RJh (in the brick

floor room), including background of 10.1 ""R/h. The maximum exposure rate of 11.4 ""R/h

is not considered to be significantly greater than background; thus, the dose to the

hypothetical building employee would be no greater than background.

3.2.2 Future Demolition Worker External Exposure

A future demolition worker involved in the demolition of the building is assumed to be

exposed to direct radiation from the roof panels and the concrete pedestals. In addition, the

worker is assumed to be exposed to radioactive material in a plume generated during removal

of the roof panels and the concrete pedestals. Therefore, the external dose for the future

worker includes the contributions from direct radiation and immersion in a radioactive plume.

For the immersion contribution, the method and assumptions used to calculate the internal

dose for the future worker still apply. For example, the uranium concentrations in air for the

roof panels and the duration of exposure are still valid for the immersion calculation.

However, the DCF for immersion in a radioactive plume that contains uranium is used

instead of the inhalation DCF. This calculation was repeated for the concrete pedestals using

the uranium air concentrations derived for the pedestals. The immersion dose from the roof

panels and concrete pedestals is estimated to be 4.7 x 10-7 mrem and is summarized below

(see Appendix A for calculation details).

Isotope
Roof Panel Dose Pedestal Dose

(mrem) (mrem)

Uranium-234 2.2 x 10-9 4.6 X 10- 11

Uranium-235 9.0 x 10-8 3.1 X 10-9

Uranium-238 3.7 x 10-7 7.0 X 10-9
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To calculate the direct radiation contribution, the roof panels are treated as an infinite,

planar source. The surface activity representing the 95 percent upper confidence limit of the

mean activity of the survey results is used to calculate the effective dose equivalent from

uranium-234, uranium-235, 'uranium-238, and short-lived decay products. The dose

calculation used published external dose rate conversion factors (EPA 1993) and an exposure

duration of 438 h. Direct radiation from the roof panels results in a projected dose of

0.26 mrem to the future demolition worker, as summarized below.

Roof Panel Direct
Isotope Radiation Dose

(mrem)

Uranium-234 0.0059

. Uranium-235 0.058

Uranium-238 0.20

The direct radiation contribution from the concrete pedestals is calculated by assuming

that each is an area source in relation to the worker. It is conservatively assumed that the

maximum activity found for the survey points is present over the entire surface area of the

pedestal. The effective dose equivalent is calculated assuming an exposure duration of 3 h

and using published external dose rate conversion factors (EPA 1993). Direct radiation from

the concrete pedestals results in a project dose of 8.3 x 10-4 mrem to the future demolition

worker, as summarized below.

Pedestal Direct
Isotope Radiation Dose

(mrem)

Uranium-234 1.86 X 10-5

Uranium-235 1.80 X 10-4

Uranium-238 6.29.x 10-4

A-25
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4.0 DISCUSSION AND CONCLUSION

"4 9 bI -
The calculations performed for this assessment lead to the conclusion that the potential

dose from residual radioactive contamination for both a hypothetiCal building employee

routinely working in the contaminated area and a future demolition worker in Building 3 at

the Aliquippa Forge site is substantially below the DOE guideline of 100 mrem/yr above

background for members of the general public. Both scenarios use conservative assumptions

and address all credible exposure pathways.

The potential annual dose to the hypothetical building employee is found to be within

background levels. The highest gamma exposure rate measured at the Aliquippa Forge site

was not significantly above background. Exposure to the hypothetical building employee

from inhalation of radioactive material is not considered to be a credible pathway. Because

the concrete pedestals are embedded in the floor and there was no smearable contamination,

suspension of the material on these pedestals is not possible. Contamination on the building

roof panels is assumed to remain in place unless the panels are disturbed. For those reasons,

exposure via inhalation was not evaluated for the hypothetical building employee.

The potential dose to a future demolition worker was calculated to be 15.0 mrem,

which is also well below the DOE guideline. For this calculation, it was conservatively

assumed that one worker would remove all the roof panels and concrete pedestals. In

addition, the credible pathways-inhalation, immersion, direct radiation, and ingestion-were

evaluated to estimate the potential dose to a future demolition worker.

The cost of removing and replacing the roof panels and concrete pedestals was

estimated to be $379,000. For this cost estimate, it was assumed that the waste would be

disposed of at the Envirocare facility in Utah. Table 3 shows a breakdown of the costs

associated with removal and replacement of the contaminated materials.

Results of these calculations show that supplemental limits are warranted for the roof

panels and concrete pedestals in Building 3 at the Aliquippa Forge site because leaving the

residual radioactive contamination in place does not pose a potential present or future

A-26
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Table 3

Costs of Removing and Replacing

Roof Panels and Concrete Pedestals

J26_0007 (06/09/95)

Subcontractor cost

Equipment cost

Waste disposal cost

ThermoAnalytical cost

Bechtel National, Inc. cost

TOTAL

A-27

$113,000

103,000

10,000
40,000

113,000

$379,000



exposure risk, and the cost of removing and replacing the roof panels and pedestals is high

relative to the long-term benefits that would result.

A-28
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Al.O FUTURE DEMOLITION WORKER: INHALATION DOSE FROM
ROOF PANELS

The contaminant concentration on the roof panel surface is calculated using the

95 percent upper confidence limit (DCL) of the mean value of 311 measurements taken on

the roof. This value is used because it is conservative in that most of the panels have small

amounts of contamination that are well below the calculated activity, and the workers would

be in contact with each panel for only a short time.

Mean activity value (Rm)
Standard deviation (0)
95 percent DCL of the mean value

= 2,348 dpm/lOO cm2

= 3,269 dpm/lOO cm2

= Rm + 1.960-
= 2,348 + 1.96(3,269)
= 8,755 dpm/lOO cm2

I
I

I

I
I

i

I

The calculated activity is corrected by a factor of 6.8 (Abelquist 1993) to account for

attenuation effects of the aluminum roof panels. Therefore, the corrected average reading is:

(
8,845 dPm) (6.8) = 59,536 dpm

100 em 2 100 em 2

Using the conservative assumptions that the density of the contaminant is 1.5 g/cm3 and

that the depth of contamination entrapped between roof panels is 1 em, the contaminant

concentration for the roof panel can be calculated. A density range of 1.5 to 1.9 g/cm3 is

reported for earth (Shleien 1992). It is assumed that the dust and debris between the

overlapping roof panels are similar to soil, but to be conservative, a density of 1.5 g/cm3 is

used. The depth of contamination is assumed to be 1 cm based on field observations that

dust accumulation and rust buildup are about 1 cm thick between overlapping roof panels.

C - (59,536 dPm) ( 1 pCi ) ( 1 ) ( em3)
R - 100 em 2 2.22 dpm 1 em 1.5 g

178.8 pCi
g
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CR is the calculated concentration of uranium on the roof panels. To separate this into

uranium-234, uranium-235, and uranium-328, the activity fractions of 0.5, 0.022, and 0.48,

respectively, are used. These result in roof concentrations of uranium-234, uranium-235, and

uranium-238 of 89.4, 3.9, and 85.8 pCi/g, respectively. 9 b

To estimate the amount of radioactive material that becomes airborne, a conservative

mass loading factor of 600 jJ.g/m3 (DOE 1983) corresponding to construction activities is

used.

C
Aj

= CR; . MLF . 1O-6g

~g

where: CAi air concentration of uranium isotope i

CRi = roof panel concentration of uranium isotope i

MLF = mass loading factor

Example: Uranium-234

The concentration in air for each uranium isotope is summarized below.

CA (pCi/m3)

Uranium-234 0.05

Uranium-235 0.002

Uranium-238 0.05

With these air concentrations, the inhalation dose to the worker can be calculated from

the following equation.
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11'_ 9

where: HI. = inhalation dose from uranium isotope i
I

CA. = air concentration of uranium isotope i
1

DCFI . = dose conversion factor for inhalation of uranium isotope i and its
I

short-lived decay products, if any

BR = worker breathing rate for moderate/heavy work

t = exposure time

The exposure time, t, is based on estimates provided by construction personnel that the

removal of each roof panel by hand would require 1 h. The western side of the west bay

area roof has 219 roof panels. For this hazard assessment, the eastern side of the west bay

area roof is assumed to be contaminated at the same levels as the western side. Therefore, a

total of 438 roof panels would require removal and result in an exposure time of 438 h.

The breathing rate for a worker performing light activity is 20 m3 per 8 h (EPA 1991).

The committed effective dose equivalent (CEDE) conversion factors for inhalation of

uranium-234, uranium-235, and uranium-238 are 0.13, 0.12, and 0.12 mrem/pCi,

respectively (DOE 1989). These conversion factors include the contributions from

short-lived decay products and assume the most conservative inhalation class of Class Y.

Example: Uranium-234

HI = 0.05 pCi (0.13 mre~) (2.5 m 3) (438 h) = 7.1 mrem
m 3 pCI h
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The calculated CEDE from inhalation of material from the panels is summarized below.

Inhalation Dose
(mrem)

Uranium-234 7.1

Uranium-235 0.3

Uranium-238 6.6
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A2.0 FUfURE DEMOLITION WORKER: INHALATION DOSE FROM
CONCRETE PEDESTALS

The inhalation dose from removal of the concrete pedestals is calculated using the same

assumptions and method as used to calculate the inhalation dose from the roof panels.

To arrive at a conservative estimate of the potential radiation dose, the 95 percent upper

confidence limit of the mean value of the survey results would be taken to be the activity on

the concrete pedestals. However, this value is higher than the maximum survey result

obtained; therefore, for this calculation the activity on the pedestals is assumed to be.the

maximum survey result, 27,572 dpm/lOO cm2
. The depth of contamination on the pedestals

is assumed to be 1 mm.

Mean value of survey results (Rm)
Standard deviation of survey results (0-)
95 percent UCL of the mean

Maximum survey result

= 11,750 dpm/lOO cm2

= 10,511 dpm/100 cm2

= Rm + 1.960-
= 11,750 + 1.96(10,511)
= 32,352 dpm/lOO cm2

= 27,572 dpm/100 cm2

C - (27,572 dPm] ( 1 pCi ) ( 1 1(em 3)
p - 100 cm2 2.22 dpm 0.1 cm. 2.5 g

Cp = 496.8 pCi
g

Using the activity fractions, the concentrations of uranium-234, uranium-235, and

uranium-238 on the surface are 248.4, 10.9, and 238.5 pCi/g, respectively. Assuming the

same mass loading factor as for the roof panels, the concentrations in air are summarized

below.

CA (pCi/m~

Uranium-234 0.15

Uranium-235 0.01

Uranium-238 0.14
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If the removal of each pedestal requires 1 h, the total exposure time will be 3 h to

remove the three contaminated pedestals. The assumption that removal of each pedestal

requires 1 h is based on a discussion with construction personnel. After the roof support is

removed, a bulldozer can be used to remove the pedestal in a matter of minutes. Using the

same equation and DCFs used earlier, the inhalation dose from removal of the pedestals is

summarized below.

Inhalation Dose
(mrem)

Uranium-234 0.15

Uranium-235 0.01

Uranium-238 0.13
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A3.0 FUTURE DEMOLITION WORKER: IMMERSION DOSE
CALCULATION

During removal of the roof panels and pedestals, the worker will receive a dose as a

result of immersion in a radioactive plume. The concentration of material in the plume is the

same as the air concentration used in the inhalation dose calculation. The following equation

is used to calculate the immersion dose.

HIM. = C . DCF . t . 10-6 ~Ci. 1 yr
I ~ 1M; pCi 8,760 h

where: HIM.
1

= immersion dose from uranium isotope i

= air concentration of uranium isotope i

DCFIMj = dose conversion factor for immersion in uranium isotope i

t = exposure time

The exposure time is 438 hand 3 h for the roof panels and concrete pedestals,

respectively.

The immersion dose conversion factors for the three uranium isotopes are summarized

below (EPA 1993).

Immersion Dose
Conversion Factor

(mrad/yr per JLCi/m3)

Uranium-234 0.891

Uranium-235* 902

Uranium-238* 146

*Includes DCF1Mi for short-lived decay products
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Example: Uranium-234

HIM =·0.05 pCi (0.89 mrad/yr 1(438 h) (10-6 t-tCi ) ( 1 yr ) = 2.2 X 10-9 mrem
m 3 t-tCijm 3 pCi 8,760 h

The immersion doses to the worker during removal of the roof panels and concrete

pedestals are summarized below.

Roof Panel Pedestal
Immersion Dose Immersion Dose

(mrem) (mrem)

Uranium-234 2.2 X 10-9 4.6 X 10- 11

Uranium-235 9.0 x 10-8 3.1 X 10-9

Uranium-238 3.7 x 10-7 7.0 X 10-9
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A4.0 FUTURE DEMOLITION WORKER: DIRECT RADIATION FROM
ROOF PANELS

The direct external radiation dose is calculated by assuming that the roof is an infinite,

planar source. The dose rate coefficients (DRCs) for direct external radiation dose from

uranium-234, uranium-235, and uranium-238 surface contamination are 8.74 x 10-4, 0.195,

and 0.0308 mrem/yr per pCi/cm2
, respectively (EPA 1993).

In section Al.O, the surface activity of the roof panels was calculated to be

59,536 dpm/100 cm2 . The activity (S) in pCi/cm2 is:

S = (59,536 dPm) ( 1 pCi ) = 268.2 pCi/cm 2

100 em2 2.22 dpm

Based on activity fractions of 0.5, 0.022, and 0.48 for uranium-234, uranium-235, and

uranium-238, respectively, the calculated activities for each of these isotopes is 134.1, 5.90,

and 128.7 pCi/cm2, respectively.

The direct external radiation dose can be calculated from the equation:

where: H ei =
S· -1

t =
DRCi =

external dose from u'ranium isotope i
the surface activity of uranium isotope i
duration of exposure
dose rate coefficient for uranium isotope i and short-lived decay
products, if any (EPA 1993)

The direct external radiation doses to a demolition worker are summarized below.

Roof Panel Direct
Radiation Dose

(mrem)

Uranium-234 0.0059

Uranium-235 0.058

Uranium-238 0.20
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A5.0 DIRECT RADIATION FROM CONCRETE PEDESTALS 419 b

The direct external radiation dose is calculated by again assuming an infinite, planar

source. The pedestals have a finite area, so· this approach will lead to a slight overestimation

of the dose. However, because of the irregular shapes of the pedestals and the fact that small

changes in the distance between the worker and the pedestal will change the dose rate

significantly, it is not possible to calculate an approximate dose rate with certainty.

Therefore, assuming the pedestals are an infinite planar source is appropriate because it will

provide an upper limit of the potential dose.

The DRCs for direct external radiation dose from uranium-234, uranium-235, and

uranium-238 surface contamination are 8.74 x 10-4, 0.195, and 0.0308 mrem/yr per

pCi/cm2, respectively (EPA 1993).

In section A1.0, the maximum surface activity of the pedestals was found to be

27,572 dpm/lOO cm2
. The activity (S) in pCi/cm2 is:

s = [27,572 dPm) ( 1 pCi ) = 124.2 pCi/cm2
100 em 2 2.22 dpm

Based on activity fractions of 0.5, 0.022, and 0.48 for uranium-234, uranium-235, and

uranium-238, respectively, the calculated activities for these isotopes are 62.1, 2.7, and

59.6 pCi/cm2
, respectively.

The direct external radiation dose can be calculated from the equation:

H. = S.. DRC. . t. 1 yr
Cl 1 1 8760 h,

where: Rei =

S·I
t
DRC. =

I

126_0007 (06/09195)

external dose from uranium isotope i
the surface activity of uranium isotope i
duration of exposure
dose rate coefficient for uranium isotope i and short-lived decay
products, if any.
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The direct external radiation doses to a demolition worker from the pedestals are

summarized below.

Pedestal Direct
Radiation Dose

(mrem)

Uranium-234 1.86 x 10-5

Uranium-235 1.80 x 10-4

Uranium-238 6.29 x 10-4
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A6.0 FUTURE DEMOLITION WORKER: INGESTION DOSE
CALCULATION

The dose from incidental ingestion of contaminated dust and dirt is calculated assuming

the future demolition worker ingests 480 mg/day of dust and dirt (EPA 1991). The dose

conversion factors for the ingestion of uranium-234, uranium-235, and uranium-238 are

2.6 x 10-4, 2.5 X 10-4 , and 2.5 x 10-4 mrem/pCi, respectively (DOE 1989).

The ingestion dose from the removal of the roof panels is calculated from:

R IR DCF . C . 1 day
ING; = • t . ING; ~ 24 h

1 g
1,000 mg

where: RING. = ingestion dose from uranium isotope i,
1

t = exposure time, 438 h,

DCFING. = dose conversion factor for ingestion of uranium isotope i,
1

CR. = roof concentration for uranium isotope i,1

IR = ingestion rate, 480 mg/day.

The ingestion dose for the removal of the concrete pedestals is calculated using the

same equation, except that the exposure time is 3 h and the concrete pedestal concentrations

(CR) are used.

The ingestion dose to the future demolition worker for the removal of the roof panels

and concrete pedestals is summarized below.

Roof Panel Pedestal
Ingestion Dose Ingestion Dose

(mrem) (mrem)

Uranium-234 0.20 3.9 X 10-3

Uranium-235 8.5 x 10-3 1.6 X 10-4

Uranium-238 0.19 3.6 x 10-3
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Table B-1
Averaging Data

Direct
Beta/Gamma Avera~e

Truss Location (dpm) (dpm

4 1 2491

2 1192

9 1505

10 5090 2363

11 3387

12 432

20 2446

6 2 2151

9 349

10 4759

11 10541 3938

12 1904

20 5323

22 2538

6 15 529

16 494

23 2856

24 10753 2841

32 2433

33 1340

34 1481

6 35 1481

49 3138

50 2503

51 9730 4049

52 3032

55 1410

56 7051

6 62 1622

63 564

64 1375

65 6734 3314

71 2891

72 2468

80 7545

Direct
Beta/Gamma Avera~e

Truss Location (dpm) (dpm

5 82 1850

83 372

84 4274

85 10241 2600

86 544

93 372

94 544

6 10 4759

11 10541

12 1904

20 5323 4679

22 2538

28 3314

29 4372

6 29 4759

30 4372

31 1692

38 5147 3596

39 3525

40 2750

42 2926

6 51 9730

52 3032

55 1410

56 7051 4417

57 1163

58 1128

66 7403

6 56 7051

57 1163

58 1128

66 7403 4397

67 4865

73 8073

74 1093
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Table B-1
(continued)

Direct
Beta/Gamma Avera~e

Truss Location (dpm) (dpm

6 58 1128

66 7403

67 4865

73 8073 3500

74 1093

75 987

76 952

6 71 2891

7.2 2468

80 7545

82 5888 4064

83 3208

84 2926

85 3525

8 5 1805

8 3707

9 360

10 5348 2483

16 2775

17 985

18 2402

9 31 619

32 1402

36 843

37 5393 1426

42 507

43 843

44 372

10 7 2551

10 1768

11 5049

12 5199 2796

13 2775

15 798

16 1432

Direct
Beta/Gamma Avera~e

Truss Location (dpm) (dpm

6 65 6734

71 2891

72 2468

80 7545 4523

82 5888

83 3208

84 2926

6 83 3208

84 2926

85 3525

86 10964 3247

93 1410

94 349

92 349

9 16 1924

17 507

18 1738

25 10050 2424

26 731

31 619

32 1402

10 1 2514

3 4117

6 4565

11 5049 3489

13 2775

14 1395

20 4005

11 22 900

27 1144

26 969

25 5119 1682

24 1493

32 1248

33 900
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Table B-1
(continued)

Direct
Beta/Gamma Avera~e

Truss Location (dpm) (dpm

11 42 725

43 395

44 395

45 5433 3809

46 2330

62 13001

63 4387

Purlins Direct
Between Beta/Gamma Aver~r
Trusses Location (dom) (dom

3 and 4 9 3459

10 3728

11 3548

12 1935

38 5161 3263

39 3369

40 815

42 4086

4 and 5 59 3822

60 1110

62 427

63 1685

85 8588 2418

86 945

87 427

88 2342

8 and 9 7 2335

8 992

9 3043

10 5877 3478

11 5243 3478

12 3379

Direct
Beta/Gamma Avera~e

Truss Location (dpm) (dpm

11 44 395

45 5433

46 2330

62 13001 4069

63 4387

64 723

65 2215

Purlins Direct
Between Beta/Gamma Aver~~e
Trusses Location (dom) (dom

3 and 4 59 5385 3246

60 4668

62 3459

63 1532

85 2652

86 2204

87 3459

88 2608

7 and 8 76 955

77 365

78 768

79 1812

80 3640

82 5430 2162

8 and 9 13 7779 3074

14 1887

15 992

16 2223

17 3304

18 2260
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Table B-1
(continued)

Purlins Direct
Between Beta/Gamma Aver~~e
Trusses Location (dpm) (dpm

8 and 9 32 5765 3627

33 4050

34 3155

35 3043

36 2968

"37 2782

9 and 10 26 3938

27 1962 3006

28 6810

29 2707

30 731

31 1887

10 and 32 2976
11

36 4952

37 1671

42 5027 2949

40 738

43 3983

44 1298

Purlins Direct
Between BetalGDa Aver~1e
Trusses Location (dpm" (dpm

8 and 9 76 2409

77 1551

78 3453

79 1626

80 5169 2788

82 2521

9 and 10 57 5542 3484

58 2148

59 2260

61 5728 3484

62 1626

63 3602

12 and 7 6191 1414
13

8 903

9 327

10 327

11 327

12 409

*Each individual beta/gamma result over 5,000 dpm/lOO cm2 was averaged with measurements over the surrounding I-m2 (l1-ft2
)

area.
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PURLIN SURVEY LOCATIONS

Figure B-3
Survey Points for Purl ins

Between Trusses 7 and 8, 8 and 9,
9 and 10, 10 and 11, 12 and 13
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