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

On April 4th, 1989, Westinghouse Materials Co. of Ohio received a telephone
call from a local area resident, who explained that water was overflowing
from a manhole located on the Knollman Dairy -Farm property. (The Knollman
Dairy Farm property is situated such that the effluent discharge line runs
under the property).

A response team was dispatched to the area to investigate the situation.
The team observed water flowing out of manhole 180, onto the farm property.
A water sample was taken (the total uranium concentration for this sample
was 2.24 mg/1), and adjustments were made to the water discharge flow rate
to discontinue the overflow situation. The manhole cover was then
temporarily sealed, using a quickset sealant. The area was allowed to dry,
and on April 6th, 1989, eight (8) soil samples were collected by the
Operations Safety and Health Department of Westinghouse. The soil samples
were analyzed for total wuranium and total thorium, utilizing X-ray
fluorescence, and the results were reported on May 3rd, 1989. A second set
of analysis was performed, by the BrPADAP (2-(Bromo- pyridzo- 5 diethyl
amino phenol)) method, to validate the total uranium findings of the first
analysis. The results of the analysis of the soil samples are presented in

Table I.
TABLE 1
Total Uranium and Total Thorium in Initial Soil Samples
BrPADAP
X-Ray CHECK TEST X-Ray
SAMPLE NO. JOTAL U (ppm) TOTAL U (ppm) TOTAL Th (ppm)

1 <11 6 <23
2 61 55 <23
3 28 20 <23
4 12 8 <23
5 17 10, 25
6 127 116 <23
7 16 7 ‘ 23
8 27 22 <23

The area around manhole 180 was characterized to assess contamination
boundaries and to determine concentration of contaminants associated with
the overflow. Split samples were sent to the International Technologies
(IT) Laboratory as a quality control measure. The results of the
characterization samples can be found in Attachment I (Figure 1.1 and Table
1.1). The results of the split samples sent to the IT Laboratory can be
found in Attachment II. The lower limit of detectability for the testing
done at the FMPC, by X-ray fluoresence, is 11 ppm and 23 ppm for uranium and
thorium respectively. The BrPADAP method provides greater accuracy for the
uranium measurements.
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These results indicated that the majority of the manhole site was far below
the established cleanup criteria (see cleanup criteria section), but there
was a small area that was at levels above the criteria. This finding was
sufficient to warrant a removal action.

The specific objectives of this removal action were to:

1. Perform any and all necessary repairs to the effluent line, the
manhole structures, and the manhole seals/1ids to insure integrity
of the outfall system, as designed.

2. Remove soils, contaminated with levels of uranium or thorium above
criteria levels, from the off-site areas and replace the
contaminated soil with clean (uncontaminated) soil.

3. Store the contaminated soil on the FMPC site, in a confined
condition, for future treatment and/or disposal.

Table 2 shows the chronology of events surrounding the removal action.
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April 4th, 1989

April 4th,

April 6th,

1989

1989

May 3rd, 1989..

May 11th, 1989.

May 15th, 1989.

May 23rd, 1989.

June 1lth,
June 15th,

June 16th,

June 19th,

June 23th,

July 24th,
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TABLE 2
CHRONOLOGY OF EVENTS and SCHEDULING INFORMATION

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

ooooooooooooo

Received telephone call from area
resident reporting the effluent 1line,
manhole 180 discharge incident

Water samples taken, manhole temporarily
sealed

Eight preliminary soil samples taken,
analysis begun

Results of soil samples reported to
WMCO, DOE, and Knollman Farm owner -
DOE Oak Ridge provided with verbal
notification and test results

Written notification given to DOE Oak
Ridge

Characterization soil sampling begun -
manholes 178, 179, 180 and 181 repaired
to prevent further overflow situations
Signs posted around affected areas,
warning away persons attempting to access
the area

Characterization sample results complete

Excavation area determined, excavation
planned

Excavation procedure written, Excavation

. checklist written

ooooooooooooo

Excavation initiated, Excavation
completed, Certification sampling
completed

Certification sampling results completed,
Backfill initiated & completed

Split sample results received from
IT Lab.
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Table 3 shows the certification sample results. The four.certification
samples were taken after the excavation had been completed, but before the
area was restored to its original configuration. The results indicate that,
based on the criteria used, the cleanup effort was successful. The cleanup
criteria used for this removal action is presented in the next section of
this report.

TABLE 3
(Values shown are ppm)
TOTAL URANIUM TOTAL THORIUM
Certification
Sample No. ' _
1 18 <23
2 27 . <23
3 27 <23
4 <11 <23
4 ~ 5
9
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EXCAVATION CRITERIA

Introduction
The criteria identified for this removal action were 52 parts per million
(ppm) tota® uranium and/or 46 ppm total thorium. These concentrations were
adopted from the NRC Branch Technical Position as presented in the Federal
Register on October 23, 1981, and are based on activity levels of 35 pCi/gm
(picoCuries per gram) for depleted uranium, and 10 pCi/gm for thorium.
Expression of the cleanup criteria for uranium in parts per million is done
for convenience and the conversion calculations assume natural equilibrium
of the major isotopes of uranium. The criteria conversion calculations, to
concentration level in ppm for thorium, are based on evaluations of the
relative concentrations of the various isotopes in samples collected at
manhole 180 site. The calculations to convert the pCi/gm to ppm were the
same as those set forth by Argonne National Laboratory, in their report on
dose to source conversion. Their report, titled "Derivation of a Uranijum
Residual Radioactivity Guideline for the National Guard Armory in Chicago,

" was submitted to the Department of Energy in May, 1987.
Attachment III presents a sample calculation of the conversion process.

These criteria were used as removal action cleanup. levels pending the
development of final residual radioactivity guidelines for the FMPC through
the risk assessment process of the ongoing site-wide Remedial Investigation
/ Feasibility Study (RI/FS). The selected criteria represent a conservative
action level which are both protective of public health and the environment,
and are consistent with DOE, NRC, and proposed USEPA policies: and: guidance.

The site-wide RI/FS is being performed at the FMPC for the purpose of
selecting remedial action alternatives to address identified environmental
concerns at the facility.: A critical element of the RI/FS process is the
completion of a comprehensive baseline risk assessment to evaluate the

‘potential impacts associated with existing facility conditions and to define

cleanup criteria for future remedial actions. Pending the final development
and approval of definitive cleanup criteria through the RI/FS process,
interim cleanup criteria must be developed to support removal actions.
Removal action cleanup criteria must be protective of human health and the
environment and support final remedial activities. Part of this project was
the development of the removal action cleanup criteria.

The soil characterization program in the vicinity of manhole 180 identified
a localized area of soil with above background concentrations of total
uranium and total thorium. The maximum concentrations of total uranium and
total thorium detected during the characterization at this location were
approximately 54 ppm (parts per million) and 24 ppm, respectively. The

‘higher values of 124/116ppm total uranium and 25ppm total thorium, obtained

during the initial sampling, were not found during the characterization
sampling. This is believed to be the result of a localized area of high
fertilizer content, which was disturbed during the characterization sampling
process.

° 106
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Background concentrations for total uranium in the southwestern Ohio area
have been estimated to range from 2.2 to 6.5 ppm, assuming natural
equilibrium of the major isotopes of uranium (1). The same study identified

Th-232 concentrations ranging from 6.5 to 7.3 ppm.

On June 19, 1989, the FMPC completed the removal of approximately 125 cubic
feet of soil from an approximate 64 square foot area immediately adjacent to
manhole 180. Confirmatory soil samples were collected following completion
of the excavation to provide certification data that the selected cleanup
levels were attained at manhole 180. This cleanup activity was authorized
by DOE as a "time - critical”™ removal based on its responsibility as the
lead agency for removal actions described in section 300.415 of the proposed
rule 40 CFR 300 "National 0i1 and Hazardous Substance Contingency Plan", 53
FR 51500-51502.

Manhole 180 Removal Action Cleanup Criteria

During the manhole 180 removal action, the FMPC employed cleanup criteria
of 35 pCi/g and 10 pCi/g for total uranium and total thorium, respectively.
These residual radioactivity guidelines were adopted from the NRC Branch
Technical Position as presented in the Federal Register on October 23, 1981.
The 35 pCi/g was recommended by the NRC for residual material containing
depleted uranium. The guideline for depleted uranium was selected on the
basis of isotopic analysis of collected samples from the vicinity of manhole
180. Attachment II lists the isotopic results of the split samples sent to
International Technology Laboratories.

In order to provide an effective cleanup criterion consistent with
established field and analytical protocols, the activity based cleanup
criteria presented in the Branch Technical Position were converted to

- concentration guidelines. Attachment III presents a sample calculation,

which illustrates the conversion technique. A removal action cleanup
criterion of 52 ppm of total uranium in soil (dry weight basis) was derived
for use at manhole 180 assuming natural equilibrium of the major isotopes of
uranium (U-238, U-234). A concentration based cleanup level of 46 ppm total
thorium in soil (dry weight basis) was derived based upon an evaluation of
the relative concentrations of the major isotopes of thorium (Th-232 and Th-
230) in the samples collected at manhole 180. The relative concentrations
of thorium isotopes are also presented in Attachment II.

The NRC Branch Technical Position presents five options for the disposal or
onsite storage of thorium or uranium wastes from past nuclear operations.
Option 1 of the NRC Position paper proposes residual radioactivity guidelines
for natural thorium and depleted and enriched uranium for properties with no
future land use restrictions (2).

(1) "Determination of Concentrations of Selected Radionuclides in Surface
Soil in the U.S."; T. Myrick - B. A. Berven & Fred Haywood, ORNL;
Health Physics; Vol. 45 No. 3; September, 1983.

(2) Federal Regjster; Vol. 46 No. 205, October 23, 1981, p. 52062

6
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The referenced document states as follows:
"Under this option the activity concentration of the isotopes
are set sufficiently low so that no member of the public would
be expected to receive in excess of 1 millirad per year to the
lung or 3 millirad per year to the bone from inhalation and
ingestion under any foreseeable use of the material or
property.”

Note: millirad is a unit of absorbed dose. The unit millirem is typically
used when addressing radiation dose to humans. A millirem, which is
a unit of dose accounting for the relative biological damage due to
the type of radiation involved, is equivalent to 1 millirad times a
quality factor. The quality factor for alpha radiation from sources
1ike uranium is 20.

In addition, the activity concentration guidelines are sufficiently low so
that no individual would receive an external exposure in excess of 10
microroentgens per hour above background. Background exposure rates in the
southwestern Ohio area range between 7 and 10 microroentgens per hour (1).

Employing these radiation dose guidelines the NRC completed a pathway
analysis to determine the residual. radioactivity concentrations in soil
which would 1imit dose to the maximally exposed individual to not more than
that proposed by the U.S.E.P.A. This pathways model utilized a resident
farmer scenario whereby an individual lives on and grows his crops on a
large area containing a uniform concentration of the given radionuclides.
The scenario also includes the consumption of groundwater from wells located
within this area of uniform concentration. Table 3 provides a listing of the
residual radioactivity guidelines. presented by the NRC for Option 1 in its
Branch Technical Position.
TABLE 4

NRC Option 1 Guidelines for Uranium and Thorium

Concentration
Kind of material (pCi/gm)

Natural thorium (Th-232 plus Th-228) if all ~
daughters are present and in equilibrium---------- 10

Depleted Uranfum------c-vcecomancamncccccccacnnnn. 35
Enriched Uranfum-------cccccccccccmmnmnnanananann . 30
Natural Uranfum Ores (U-238 plus U-234) if all

daughters are present and in equilibrium---------- 10

(1) "Determination of Concentrations of Selected Radionuclides in Surface
Soil in the U.S."; T. Myrick - B. A. Berven & Fred Haywood, ORNL;
Health Physics; Vol. 45 No. 3; September, 1983.

7
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Pathways of exposure evaluated by the NRC included direct radiation from
ground surfaces, ingestion of contaminated food, inhalation of suspended
radionuclides and drinking contaminated water. The pathways analysis
methodology employed by the NRC was consistent with nuclear industry accepted
protocols and can be found in detail in Radiolegical Assessment: Textbook on

nmental Dos ; John E. Ti11 and H. Robert Meyer; NUREG/CR-
3332; September, 1983. Attachment IV presents example pathway analysis for
two scenarios:

1. Radiation Doses to Man Via Grazing Cow Pathﬁay
2. Radiation Doses to Man Via Food Crop Ingestion Pathway

The dose calculations completed as part of the pathways analysis considered
both 1internal and external exposures resultant from the residual
radioactivity. Al1l internal doses were based upon a 50-year dose commitment;
that is, the total dose an individual would receive from one year of intake
integrated over the next 50 years of his/her 1ife. Exposures were assumed
to continue on an annual basis over the life of the individual. Internal
dose conversion factors (used for converting internal exposure to dose) were
consistent with the International Commission on Radiological Protection
(ICRP, Report # 30) guidelines for internal dose conversion.

Technic t jo

Definitive residual radioactivity standards for long lived isotopes such as
uranium and thorium have not, as yet, been established by the DOE, NRC or
USEPA. To this date definitive guidance on the subject has not been issued
by either the ICRP or the International Atomic Energy Agency. USEPA
standards (40 CFR 192) have been established for the control of residual
radioactivity at designated processing or depository sites under Section
108 of the Uranium Mill Tailings Radiation Control Act of 1978.

This federal regulation establishes a maximum allowable residual
radioactivity concentration standard for radium-226 and radium-228 in soil
at unrestricted use sites. These standards were developed based upon
pathways modeling assuming natural equilibrium of all the daughters of the
parent radionuclides uranium-238 and thorium-232. These standards are of
limited use at facilities such as the FMPC where processing operations have,
for the most part, involved pure uranium and thorium compounds essentially
free of radium and its daughters products.

Implementing DOE guidance on 40 CFR 192 provide that the remedial criteria
for residual concentrations-in soil of all radionuclides other than radium-
226 and radium-228 shall be derived by means of an environmental pathways
analysis using site specific data.

Such a site specific pathways model is being completed at the FMPC as part
of the ongoing site-wide RI/FS. Since such analyses have not been completed
at the facility, the residual radioactivity guidelines defined in the 1981
NRC Branch Technical Position paper were adopted for use at the FMPC to
support the soils removal action at manhole 180.
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These criteria were selected because they represent conservative actions
levels which are both protective of human health and the environment and
are consistent with proposed USEPA guidance.

As stated above, the risk based activity concentration guidelines presented
in the NRC Branch Technical Position paper are set sufficiently low so that
no member of the public would receive a radiation dose commitment from the
residual radioactivity in excess of 1 millirad per year to the lungs or 3
millirads per year to the bone from inhalation and ingestion, under any
foreseeable use of the property. These radiation dose guidelines were
recommended by the USEPA for protection against transuranium elements present
in the environment as a result of unplanned contamination (3). The current
USEPA standards defined in 40 CFR 192.12 for uranium mill tailings remedial
activities were developed based upon comparable dose commitments to the
maximally exposed individual.

In addition, the NRC guidelines are set sufficiently low so that no member
of the public will receive an external dose in excess of 10 microroentgens
per hour above background. Current USEPA regulations in 40 CFR 192.12 1imit
the level of external radiation from residual radioactive materials to twice
this level or 20 microroentgens per hour. Thus, the risk based criteria for
residual radioactivity concentrations of long half-1ife radionuclides such
as uranium and thorium as defined within the NRC Branch Technical Position
provide conservative action levels employing dose commitments which are
comparable to current USEPA guidance.

As previously stated, the pathway model employed by NRC in developing its
residual radioactivity guidelines utilized a resident farmer scenario. This
scenario is based upon an area of sufficient size to allow the individual to
reside and grow crops in the uniform concentration of the radionuclides.
Applying this scenario to the manhole 180 situation yields an added factor
of conservatism to minimize potential exposures due to the extremely small
surface areas involved. The maximally exposed individual cannot grow crops
or reside entirely within the affected area at manhole 180.

A residual radioactivity criterion of 35 pCi/g of total uranium in soil was
recently employed in the cleanup of several private properties in the U. S.

The criterion was employed in .the cleanup and unrestricted release of
properties in the vicinity of the NL Industries uranium fabrication facility
in Colonie, New York. Remedial actions- were completed at the Colonie site
as part of the DOE Formerly Utilized Sites Remedial Action Program (FUSRAP).
This criterion was employed as a result of a negotiated agreement between the
DOE and the State of New York.

The 35 pCi/g criterion was also employed in the cleanup and unrestricted
release of two commercial facilities owned by Aerojet,Inc. These facilities
were located in Jonesboro, Tennessee and Compton, California. In both cases
the cleanup criteria employed were as a result of a negotiated agreement
between the property owner and the respective State authorities.

(3) 42 FR 60956-60959, November 30, 1977

9 14
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Conclusion

Definitive: criteria for residual radioactivity of 1long half-1ife
radionucYttdes such as uranium and thorium have not as yet been established
by the DOE, NRC, or the USEPA. Current DOE guidance recommends the
establishment of uranium and thorium residual radioactivity guidelines
through site specific pathway modeling. Site specific pathway modeling is
currently underway at the FMPC as part of the ongoing site-wide RI/FS. In
order to support the objectives of the removal action at manhole 180, the
FMPC adopted the proposed criteria presented in the 1981 NRC Branch Technical
Position paper as presented in the Federal Register on October 23, 1981.
These criteria have been employed throughout the country in similar
situations involving the cleanup of private properties for unrestricted use.
The criteria defined within the NRC Branch Technical Position were employed
for the manhole 180 removal action as they represent conservative action
levels which are both protective of human health and the environment and
consistent with proposed USEPA guidance.

AREA EXCAVATED - CONTAMINATION LEVELS

The area excavated during the removal action was approximately 64 square
feet (8 ft x 8 ft) located east of and up to manhole 180. Attachments IV &
V illustrate the area, with appropriate references. The soil was removed
to a depth of approximately 2 ft over most of the area, on a gradient as
illustrated in Attachment VI.

The excavation boundaries were set up to center, as closely as possible,
the sample point with the high reading (sample point #2) within the surface
area of excavation. ‘ ’

HEALTH AND SAFETY PRACTICES

A11 employees working within the contaminated area were dressed in clean
brown coveralls, with the leg ends taped to close off any gaps between skin
and garment. The employees also wore safety shoes, safety glasses, gloves,
and hard hats. Dust masks were available, but were not required due to the
damp soil consistency. All personnel were monitored by a Radiological
Services (R.S.) technician, prior to leaving the FMPC.

A photographer and a minicam operator were at the excavation site to record
the removal action, in addition to several supervisory personnel. After
the excavation was complete, all personnel and equipment were monitored
prior to being released from the excavation area, to return to the FMPC.

CONTAMINATION CONTROL

Dust suppression equipment was available, but was not used due to the damp
soil consistency. A dump truck, a pickup truck, and a front loader were
used during the course of the removal action. All equipment was monitored,
by a R.S. technician, prior to being released from the FMPC, for off-site
work.

10
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The dump truck bed was lined with plastic, prior to loading the excavated
material, and was equipped with a tarpaulin cover which was used to prevent
any soil from blowing out of the truck during transport. All excavated
material that fell from the front-loader/back-hoe buckets during the
excavation process was cleaned up by laborers, and the area was monitored
by the R.S. technician to insure that no material was inadvertently left
behind. During the return trip to the FMPC the project manager followed
the dump truck to insure that no material was spilled during transit. (No
material was spilled)

A1l equipment used during the removal action was monitored by an R.S.
technician prior to being released from the excavation area, to return to

the FMPC site.
‘ EXCAVATION and SOIL DISPOSITION

Approximately 125 cubic feet of soil was excavated from the area around
manhole 180, transported to the FMPC Site, and stabilized in the northwest
quadrant of the site.

The excavation was begun with the front scoop of the front-loader.
Approximately 90 cubic feet of material was removed from the excavation
area, and loaded into the dump truck. When enough material had been removed,
the laborers went to work with shovels to remove material from those areas
that were inaccessible to the front-loader (an area directly adjacent to the
concrete form of the manhole).

The back-hoe section of the front-loader was then used to remove an
additional section of material, approximately 30 cubic feet, to obtain the
gradient as depicted in Attachment VI, and loaded it into the dump truck. The
laborers then went back into the area with shovels to remove the secondary
section that was next to the concrete form of the manhole. The Excavated
soils were transported to the FMPC site, and placed in storage as indicated
previously.

POST EXCAVATION CERTIFICATION SAMPLING

Attachment VII illustrates the position of the certification samples taken
right after the excavation was completed. The sampies represented the 0 -
6 inch depth of the newly exposed soil. The results of the certification
sampling are shown in Table 4:

TABLE 5
(Values shown are ppm)
TOTAL URANIUM TOTAL THORIUM
Certification |
Sample No.
1 18 : <23
2 27 <23
3 27 <23
4 <11 <23
H | "~ 16
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The information in Table 4 indicates that the levels of uranium in soil in
the excavation/study area were successfully reduced to levels below the
established removal criteria.

A radiation dose rate test (with a Ludlum Model 19) was run over the area
surrounding manhole 180, after the site was restored to its original
configuration. The results of that test are presented in Attachment VIII.

On the basis of the results of the certification sampling and the radiation

levels, no further excavation is required to meet the criteria employed.

EXCAVATION SITE RESTORATION

The excavated area required approximately 125 cubic feet of soil for the
backfill/restoration process. The work was done by Welch Sand and Gravel
Incorporated, under a subcontract to the FMPC. The area was seeded as an
erosion control measure.

REOCCURRENCE PREVENTION

On May 15%, 1989, FMPC employees repaired manholes 178, 179, 180, and 181
access ways to prevent reoccurrence of the overflow situation. The manhole
access frames were excavated, the top of the manhole frame retention bolts
were cut off, and the old manhole frames and 1ids were removed and bagged.
The remaining sections of the retention bolts were removed. New retention
bolts were set into the holes left by the old bolts, and grouted into place
with concrete. . After the concrete had hardened, new frames were set into
place with a layer of grout between the concrete and the frame. The inside
seams, between the concrete of the manhole and the steel of the frame were
grouted also. The manhole frames were secured with the newly installed
bolts. An "0-ring" inside each frame seals the 1id when the 1id is in place.
The 1ids were tightly secured to the frame with nuts. The outside base of
each manhole frame was grouted to provide further protection for the systems.
The frame/1id systems are now fully operational as "pressurized" manholes.

A periodic (monthly) inspection schedule, to be performed by Utilities
Department personnel, has been established and will prevent reoccurrence of
the deteriorated conditions that ultimately led to the overflow situation.

Plans are now being formulated to clean out the section of the effluent line
which extends from manhole 180 to the Great Miami River. This action will
reduce the resistance to flow within the 1ine, and will consequent]y reduce
back-pressure against the manhole covers and frames.

12 "
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ATTACHMENT I

Results of a Radiological Survey in
the Vicinity of Manhole 180

- 18
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Sample

i

WOO~NOOT 8 WM =

(values are given as ppm)

TOTAL URANIUM

" Table 1.1

<11
<11

<11
<11
<11
<1l

18
<11
<11
<11
<11

19
<11
<11
<11
<11

16
<11
<11
<11
<11

16
<11

<23
<23
<23
<23
<23
<23
<23
<23

23
<23
<23
<23
<23

<23

<23

<23
<23

24
<23

TOTAL THORIUM
6"-12"

<23
<23
<23
<23
<23
<23
<23
<23
<23

287

12"-18"

<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23
<23.
<23
<23
<23
<23
<23
<23
<23
<23
<23
24
<23
<23
27
<23
<23
<23
<23
<23
<23
<23
24
<23
<23

20
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Table 1.1 (cont’d)
(values are given as ppm)

TOTAL URANIUM TOTAL THORIUM
0-6* 6"-12* 12"-18* 0-6" 6"-12" ]12"-18"
<11 <11 <11 <23 <23 <23
<11 <11 <11 <23 <23 <23
<1l <11 <1l <23 <23 <23
<1l <11 <11 <23 <23 <23
<11 - 16 <11 <23 24 <23
<11 <11 <11 <23 <23 <23
<11 <11 <11 <23 <23 <23
<11 <ll1 <11 <23 <23 <23
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ATTACHMENT Il |

Results of Radiochemical Analysis
| of Split Samples from Manhole 180

L - 22




287

IT Lab Split Sample Results

(results are given as ppm)

TOTAL URANIUM

5.5
7.8
4.3
7.6
7.6
5.5
6.3
11.9
4.0
4.1
3.3
3.6
10.2

TOTAL THORIUM

0-6" 6"-12% 12°-18"

2.1
9.3 .
3.2
5.1
6.3
7.9
7.0
10.0
12.6
7.8
7.9.
8.4
8.5
23
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ITRSL Oat Ridqe REPORT Wert Order § R9-06-043
5'.3:‘3.4: 04/08/99 07’07/89 128:R
REPORT ADVAMCED SCIEMCES, . PREPARED [T/RADIQLOGICAL SCIENCES LAD.
0P Q RO 473 BY 1330 JEAR CREEX ROAD
ROSS. OM 43041-0473 1 ™
ATTEN CINDY DANIELS ATTEN ERS
PHONE 4] 3-482-9707 CONTACT JIN HARVEY
CLIENT R] FS FER SNPLES 3
COPANY AQVANCED SCIENCES INC.
FACILITY 10043 HAMILTON CLEVES ROAD
WORK ID SOIL SNPLES
TAKEN
TRANS
TYPE
P.0. ¢ 856A21602-04 603.09.02.04
INVOICE ynder separate cover
SAPLE IDENTIFICATION . Test and NNES used on this report
0 639 - 9Ci¢6 8 __eNeAaoPEC
R 66399 06/58 €99 1¢-99
Vo 06/67 T8 D28
W  0(/89 R0 M0
Qs  o6/e/ RR R
b6 0602 THIQTA HRIW TOTA,
Q7 66400 0¢2r3 B4 _ V-2
08 64401 oc2Lé BN _ Shens
PerR 06235 = B8 28
10 &40 06246 VIOTS WRAIW TOTAL
16808 06268
1266403 06278
13 66404 0629°
14 66407 96307
13 46408 963/0
106609  0@322
17 66810 06326
19 A1 _0634¢€
1966812 06 34$
0 64413 0¢ 368
<] 64414 263 yi s
2 413 0638/
& AL 06387
24
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Page Q [TRSL Cat Ridge REPORT Wert Order § R9-04-043
Recoived: 06/08/99 Results by Sample
SAPLE FRACTION TEST CCDE ME
10 gt Date & Tig'tuhllum g_mfh EEEmr‘ vy E
WITS oCifs VERIFIED BY SIL
WRTN 07/07/89
SN SPEC RESILT  2-SI0MA (THER RESUT 2-510M
TOTAL ¢ 5.9 10 e @9
-4 0.8 0.2
Wnits-vy/y g7 <~Tr< J N
¢-28 0.6 0.2
™28 1.2 0.4
™H-20 1.4 0.4
22 .6
™-TOTAL ¢ 2.t 1.3
Units-ug/y
SNPLE ID 4639 FRACTION TEST CODE NNE
Bata & Tieetatlected mk %TM:
WNITS oCi/e VERIFIED BY SOL
RN 07/07/89
CAMW SPEC RESLT 2-SI0MA OTHER RESLT  2-5I0MA
GTOTAL e 7.8 1.7 -9 0.9
-4 1.7 0.4
®nits-uy/y -03/86 0.6
U-238 b 0.6
™28 . L 0.9
™H-220 9 0.7
™20 1.0 0.4
™™TOTAL ¢ 9.2 33
wmits-ug/g
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Page 3 ITRSL Gat Ridge REPORT Work Order § R9-06~043
Received: 04/08/89 Results by Saeple _
SNPLE 1D ) FRACTION TEST CODE WE c '
e Date & Tigmlum 91/1& M&!"Em
WNITS gCi/e VERIFIED BY SIL
WRTN 07/07/89
GAA SPEC RESLT  2-5I0M  OTHER RESWLT  2-510m
U-TOTAL ¢ 4.3 27 ¢-99 <0.9
-2 0.9 0.2
Wnits-ug/y -2/ .5
v-28 0.7 0.2
™28 0.6 ,
™20 1.3 0.4
™R <0.6

™HTOTAL ¢ 2.2 20

Wnits-ug/y

SNPLE D 68397 FRACTION TEST CODE NNE CASA %ﬁ;
Date & Ttgehllnm Q:I;& egory

UNITS o€i/s : VERIFIED BY SDL
WRTN 07/07/99
CASA SPEC RESLT 2-510W OTHER RESWLT  2-SI0WA
U-TOTAL ¢ 7.4 3l -9 1.1 0.4

-24 1.7 0.3
dnits-ug/y =03/0% 0.6

-8 20 0.3

- TH-28 1.0 0.3
TH=-230 1.8 0.5
™R €0.6

™OTALs St 22

Hnits-vg/g

26
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Page 4 [TRSL Cak I“n REPORT Wert Order 3 R9-04-043
a:'mm: 06/08/89 Results by Sample
SNPLE FRACTION
’ 1 w1 Date & Tise Collected Q![lsh m&%:horTE
WITS pCile VERIFIED BY SOL
WRTN 07/07/89
CASW SPEC RESLT  2-510WM (MR RESULT  2-SI0MA
V-TOTAL ¢ 7.6 13 -9 Q.9
-2 Y 0.4
Wnits-vy/y -DYVBE Db
-8 r N 0.4
™28 0.8 0.3
™H-230 1.4 0.4
™R 0.7 0.2
™IOIAL ¢ 4.2 22
Units-ug/g
SNPLE 1D FRACTION
wm Date & Tise Collected m;gig m&%m
UNITS p€i/g VERIFIED BY SDL
WRTN 07/07/89
CNA SPEC RESWLT  2-5I0M (OMER RESLT  2-5I0MA
18 " TR TR, ¥ @.9
-4 1.9 0.3
nits-vg/y -05/06 0.6
28 1.8 0.3
- TH-228 1.7 0.9
™20 21 0.6
™R 0.9 0.3
™AL e 19 0
nits-vy/y



Page 3
Received: 08/08/99

ITRSL Gab Ridge REPORT .
Results by Sesple

287

Herk Order § R9-04-043

SNPLE | ' FRACTION TEST CODE NNE ¢
D 4400 Date & ngznammm m;_w:__ c?%.,m Lo A
WNITS oSi/e VERIFIED BY St
TN 07/07/89
CNMW SPEC RESAT  2-5I0WM ONER RESWT  2-510M
CTOTAL s 83 29  Te-m Q.9
-2 1.7 0.4
Wnits-ug/y -2N/2B6 Q.6
, 28 0 1.3 0.3
™28 1.0 0.3
™20 23 0.9
™R 08 0.3
THTOTAL ¢ 7.0 b
Wuits-ug/y
SNPLE 1D 56401 FRACTION TEST CODE 65~ NNE
40 Date ¢ Ti?tcllut« Mh___ éEuorg Ly )
UNITS oCise VERIFIED BY SDL
WRTN 07/07/89 :
. GN®W SPEC  RESWT - 2-5I0MOTHER .. = RESWT —.-2-SI0MA- -
GTOTAL e 1.9 40 - TC8 L3 03
' -4 28 0.5
Wnits-vg/y 3B 0.6
) 13 0.4
W28 .12 0.4
™20 24 0.6
R " S B ¥
IOTAL ¢ 100 22
. Amits-ug/y

28
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Page & ITRSL Oak Ridge REPORT Nort Order § R9-04-063
Received: 06/08/89 Results by Saaple
SWPLE ID 44d02 FRACTI
Date & Ti ol!utu ¥/ ﬁiz m&m
WwITS il VERIFIED §Y SIL
RN 07/07/89
AW SPEC  RESLT  25lomM  ONER RESWLT  2-5I0M
U-TOTAL ¢ 4.0 12 -9 @9 -
-2 L9 0.3
Wnits-vy/y ID/D Db
28 1.4 0.3
™8 1.1 0.3
™20 24 0.9
™R 1.4 0.4
™AL 126 32
Waits-ug/y

SAPLE ID FRACTION TEST CODE WE SPEC
40 Date & riumuuum mL Tateqory g9

\NITS oifs VERIFIED BY SIL
RN 07/07/89
NP PEC  RESLT  2-SI0W  ONER RESLT  2-510W
CTOTL + 41 12 " .9

24 18 0.9
Units-vg/y wTDE Db

2% 1.8 0.5

™28 1.2 04
™30 21 0.4
™R 09 0.3
MU e 78 20

nits-uy/y

29
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Page 7 [TRSL Gat Ridge EPRT Nert Qrder & R9-04-083

Received: 06/08/89 Resvits by Sasple
SNPLE } FRACTION TEST COOE NNE
T a0t Date & Tigatonutu Q;I}Ei! ért'uon >4 A
\NITS pCi/ A VERIFIED Y SIL
W 07/07/89
CAA SPEC  RESWT  2-SI0W (THER RESWLT 2-5I0W
U=TOTAL ¢ 1] a3 -9 .9
-4 1.1 0.4
Wnits-vy/y -/ @4
=28 1.1 0.4

™28 1.4 0.4
™20 22 0.3
™R 0.9 0.3
™TOTAL ¢ 7.9 28

nits-ug/y

SNPLE 1D 46409 FRACTION TEST CODE NE CATA §§§
' Date & ﬂumtouoct“ 91“22! agory

WNITS oSils VERIFIED BY SDL
WRTN 07/07/89
GNP SPEC  RESWT  2-5IoM OTHER RESLT  2-5IOMA
GTOTAL ¢ 26 24 99 @.9

-2 1.6 0.4
nits-vy/y 1 =<~ Tr< S CN )

-8 . 1.9 0.3

™28 . 1.4 0.4
™-20 N 0.3
™R 0.9 0.3
™AL ¢ 8¢ 27

mits-vy/y



Page 8
Received: 04/08/69
SNPLE 1D 46406

SNPLE 1D 56407

ITRSL Oat Ridge REPORT Wert Order § R9-04-083
Results by Saeple
) FRACTION | CODE a WVE GNP SPE
Date & Time ollocm /1 agory
UNITS oSi/e VERIFIED 8Y SOL
RN 07/07/89
GNP SPEC  RESILT =510 OTHER RESLT  2-510MA
U-TOTAL ¢ 10.2 38 -9 1.0 0.4
I 2r 4] 29 0.9
Units-ug/y -0/08 0.6
28 29 0.9
™H-228 0.9 0.3
W20 28 0.4
W22 0.9 0.3
TH-TOTAL ¢ 8.9 i
{njts-vg/y
FRACTION 18A  TEST % NAE T
Date & Ti!u_!ollutu Ty egory
NITS gGify VERIFIED BY SIL
RN 07/07/89
CATA SPEC RESWLT  2-5I10WM (THER RESWT  2-510m
GTOTAL e 119 a8 N 1.9 0.4
-4 393 0.6
wnits-uy/y 086 0.6
28 4.0 0.6
™28 1.1 0.3
™20 20 0.4
™R 0.7 0.2
™TOTAL ¢ &4 1.9
Wnits=ug/y



Wert Order § R9-06-063

T A
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Page 9 ITRSL Cat amo REPORT
Received: 04/08/89 Results by Sasgle
SNPLE 1D FRACTION
46t Date & Tx ollected
WITS (Cidg VERIFIED BY SOL
RN 07/07/89
CATW SPEC RESWT  2-5I10M (TR RESLT  2-5I0W
U-TOTAL ¢ 4.9 a3 -9 1.6 0.9
24 a2 0.4
Units-ug/y -0/086 Q.5
-8 23 0.4
™28 1.0 0.3
™H-220 20 09
™R 0.9 0.3
™-TOTAL ¢ 8.3 20
Wnits-ug/yg
SNPLE 1D 46409 FRACTION TEST CODE NNE
Date & Ti}outollutu g;l;ii! m!%%m
UNITS o€i/e VERIFIED BY SDL
WRTN 07/07/89
CAA SPEC RESALT =510 (OTWER RESAT  2-510mA
CTOTAL s 130 34 9 Q.9
=24 3 0.6
snits-ug/y /B Q.6
-8 4 0.6
- TH-28 1.1 0.3
™H-220 a3 093
™R 1.0 0.3
™TOTL ¢ 9.3 28
Units-uy/y

32
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Page 10 {TRSL Oat Ridge REPORT Nert Order 0 R9-04-083
Ru’mv« 06/08/89 Resvits by Sample
SNPLE 1D 4410 ) FRACTION PEC
Sl Date & Tise olloctu ¥/ ]Ei! i mﬁﬁm
UNITS pCi/e VERIFIED BY SIL
RN 07/07/89
GNP SPEC RESLT  2-8I0WM OTER RESLT  2-510MA
U-TOTAL ¢ 17 13 - @.9
-2 1.0 0.2
#nits-uy/y /D Q.%
28 1.0 0.2
™28 0.7 0.3
™20 1.3 0.4
™R 0.9 0.3
™AL e 7.2 27
HWnits-vg/y
SAPLE 1D 4411
el IO, T g W M SR
UNITS pCi/e VERIFIED 8Y S
WRTN 07/07/89
CAPA SPEC  RESILT  2-5I0WM ONEX RESULT  2-5I0WA
CTOTAL S 144 29 C-99 @.9
. -4 'Y 0.7
Mnits-vg/y 23D Q.6
20 4.3 0.7
™28 1.1 0.3
™H-20 1.6 0.4
™R 0.7 0.3
™TOTL ¢ 5.9 23
Unjts-ug/y
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Page 11
Received: 06/08/89

287 .

[TRSL Gat Ridge REPORT Wert Order ¢ R9-04-063
Results by Sasgle

SNPLE 1D FRACTION {94  TEST CODE NNE
w2 Date & Tilu_tollcctu Qﬂ& %WM_T____
WNITS oCile VERIFIED BY SOL
WRTN 07/07/89
GNP SPEC  RESWLT =S  ONER RESWT  2-5I0MA
UG-TOTAL ¢ 2.0 4 C-9 ®.9
-4 1.3 0.3
Wnits-vg/y -2/06 @6
-8 1.3 0.3
™28 1.6 - 0.4
™20 1.6 0.4
™R 1.1 0.3
™-TOTAL @ 10.0 rR )
Units-uy/y
SNPLE 1D 44413 FRACTION TEST CODE NE SPE!
A Date & Tiaollum ﬁl;&h Categqary 13eg/
UNITS o€i/e VERIFIED BY SDL
WRTN 07/07/89
CNTW SPEC RESLT  2-510M OTHER RESLT  2-5I0MWA
GTOTAL + 112 a1 e @.9
v-24 19 0.4
Wnits-ug/yg o< Tr< JECN
-8 8 0.5
™28 1.2 0.3
TH-20 27 0.3
R 0.8 0.2
™TOTA ¢ 7.3 1.9
#mits-ug/y

34



Page 12
Received: 04/08/89

SNPLE 1D 44414

[TREL Oat l‘

UNITS pCile__

WRTN 07/07/69

GNP SPEC  RESWLT

U-TOTAL ¢

nits-ug/y

SNPLE 1D 64413

2.1

510
19

WNITS Si/s
RN 07/07/89

GNP PEC RESLT  2-5IO0W

U-TOTAL ¢

1.8

snits-sg/y

10

-
=24
1< Tr<Y
v-28
™H-228
™20
™R
TH-TOTAL #

snits-ug/g

(3, ]
-2
U-233/23%
v-28
™28
™H-20
™R
™H-TOTAL ¢

snits-uy/y

REPORT
esults by Sasple

FRACTION TEST CODE _. NNE
Date & Tigbtollum ﬁ/l& m&%ﬁﬁm _

Mert Order § R9-05-043

VERIFIED 8Y SDL
RESWLT  2-5I10W
.9
s 0.3
Q.4
3 0.3
0.9 0.2
22 0.4
0.9 0.2
1.7 21

VERIFIED 8Y SOL
RESLT  2-510m
.9
26 0.4
Q.6
28 0.3

- 1.0 0.3
1.4 0.4
@.6
4.6 2

287

FRACTION TEST CODE NVE CATW gg
Date & ﬂ?t‘hlmm Qﬂﬁ! ategory
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REPORT

TEST CCDE

o e T

287

Nert Order § R9-04-063

VERIFIED BY SIL

RESWT  2-S10WA
0.9

1.3 0.3
€0.46

1.6 0.3
0.8 0.3

1.9 0.4
0.5 0.2

3.8 22

Page 13 ITRSL Oat Ridge
n:!nm: 04/08/89 Resuits by Saeple
SNPLE ID FRACTION 22A
s Date & Tise Celhctu
WNITS g€i/e
WRTN 07/07/89
CASW SPEC RESWLT  2-S10MA (ONHER
CTOTAL ¢ 4.7 - -9
-4
Hnits-ug/y -233/2%6
28
™28
™H-220
2R
TH-TOTAL ¢
Wnits-ug/y

36
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ATTACHMENT il

Dose to Source
Sample Calculations

37




- T . N

-/' - -

287

CALCULATION OF URANIUM SPECIFIC ACTIVITY

The calculation of the specific activity of uranium requires both the
analysis of U-235 (wt %) and the anslysis of uranium (ppm). From

10 CFR 20, the specific activity of uranium is

2 -6
U Specific Activity = (0.4 + 0.386 o 0.0034E )(1x10 ) Ci/gu

where “E" is the wt X U-235 (U basis).

-12
1 pCi =Y x10 Ci

i 2 -6

) (0.4 + 0.38¢ + 0.0034€ Y(1x10 )

U Specific ACLivity = ~-c-evcccccrecnccceccncncccanncnn Ci/gu

-12
(1x10  Cci/pCi)

2 é
U Specific Activity = (0.4 + 0.38¢ + 0.0034€ )(1x10 ) pCi/u
I1f a sample contains "X ppm of uranium, the uranium activity of the
sample is given by

-6
X ppm = X ugl/g sample = X x 10 gqu/g sample

| ] : 2 |
| U Specific¢ Activitya(X ppm)(0.4 + 0.388 + 0.0034E ) pCi/g sample|
| |
| |

Example: X = 50 ppm , € = 0.73 wt X U-235
2
U Specific Activity = (50)(0.4 + (0.38)(0.73) + (0.0034)(0.73) )

U Specific Activity = 34 pCi/g sample

38
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MAXIMUM CONCENTRATION [N SOIL

Depleted Uranium (0.20 wt X)

Natural Uranium (0.71 wt %)
(without daughters)

Enriched Uranium (>0.71 wt %)

Natural Uranium Ore (0.71 wt X)
(with daughters)

Natural Thorium
(with daughters)

05/30/89

ppm (semple basis)

Category 1

74

&S

45

15

Category 2

210

149

149

15

230

41
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ATTACHMENT 1V

Results of Environmental |
Pathway Analysis

42
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RADIATION DOSES TO MAN
VIA GRAZING COW PATHWAY

By:

John R. Frazier, Ph.D., CHP
John W. Poston, Jr., MS,, B.S.

July 18, 1989
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. URANIUM IN SOiL > DOSE TO MAN
Potential Pathways to Man
- Extermnal exposure
- inhalation of resuspended soil
- Ingestion of sod
- Ingestion of vegetation grown in soil
- Ingestion of meat from grazing animals
- ingestion of milk from grazing animals
- Ingestion of dairy products
- Ingestion of pouttry
- Ingestion of eggs
U in Sol —> Grazing Cow —> Dose to Man
forage Uin-> of meat
cow -> meat by man >
U in sol -> Dose to man
of sol Uin-> of mik
bycow -> milkk by man
44
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Meat CooyX [fooyX b+ lg] X fpnear X Imegr X OCF = CEDE

Mk Cooy X [foorxlb+1g] xtop Xy x DCF = CEDE

Definition of Pathway Parameters

Ceni = Concentration of total uranium in soil [pCi/g]

Transter coefficient for uranium from soil to forage [pCi/kg forage per

pCi/g soil]
L= Rate of ingestion of forage by cow [kg/day]
| = Rate of ingestion of sail by cow [g/day]
feat = Transfer coefficient for uranium from intake to meat [pCi/kg meat per

pCi/day)
Ineat = Rate of ingestion of meat by man [kg/year]

fmm = , Transfer coefficient for uranium from intake to milk [pCiA milk per
pCi/day] |

Inix = Rate of ingestion of milk by man [Vyear)
DCF = | Dose éonversion factor for ingestion of uranium [mrem/pCi)

CEDE = 50-year Committed Effective Dose Equivalent [mrem)



| 287

Assumed Values for Pathway Parameters
PARAMETER VALUE* REFERENCE
fs.or 2.5 pCi/kg per pCig NCRP Commentary No.3
L 50 kg/day Reg. Guide 1.109
| 500 g/day ~ Zach & Mayoh (HP 1984)
fmeat 5.0 x 10 pCi/kg per pCi/iday NCRP Commentary No. 3
Imeat 110 kg/yr (max adult) Reg Guide 1.109
i 6.0 x 10 pCift per pCi/day =~ NCRP Commentary No. 3
Ymitic 400 l/yr (max teen) Reg guide 1.109

Values are the most conservative (l.e. give highest calculated dose) found in
the literature.

Dose Conversion Factor (DCF)
For Ingestion of Uranium with Natural isotopic Ratios

50-Year Committed Effective Dose Equivalent (CEDE)

Radionuciide OCF Fraction of Total Activity
U-234 (Soluble) 26 x 10 mrem/pCl 0.49
u-235 (Solpbk) 2.5 x 10 mrem/pCi 002
U-238 (Soluble) 2.3 x 10 mvemipCi 0.49

DCF= (2.6 x 107 x 0.49) + (2.5 x 107 x 0.02) + (23 x 107 x 0.49)
DCF=1.3x 10 + 0.05 x 10 + 1.1 x 107

DCF=2.5 x 10 mrem/pCi
46
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Meat Csoif X (8.6 x 1072 mrem/pCl/g-soi) = CEDE
Milk Cyoi X (3.8 x 102 mrem/pCi/g-soill = CEDE
Meat + Mik Csoit X (0.12 mrem/pCi/g-soil) - = CEDE
Exampiles:
For Cgoy =35 pCl/g, CEDE = 4.2 mrem
" For CEDE = 5 mrem, C,y = 42 pCig
47
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GRAZING COW PATHWAY

-Calculated Concentration of Uranium in Meat (assuming 35 pCi/g soil)
Concentration in Meat = Cgy X [fg. oy X I + I} X frga
= 110 pCikg

or
= 0.11 pCi/g

-Measured Concentration of Uranium in Meat

Concentration In Meat < LLD

87
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GRAZING COW PATHWAY

-Caqulaied Concentration of Uranium in Milkk (assuming 35 pCi/g soil)
Concentration in Milk = Cg, x [Ty e X I + 15} x
= 13.pCiA

-Measured Concentration of _Uranium in Milk
Concentration in Milk < 0.7 pCiA

48
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RADIATION DOSES TO MAN
VIA FOOD CROP INGESTION PATHWAY

- By:

John R. Frazier, Ph.D., CHP
John W. Poston, Jr., M.S,, BS.

July 18, 1989
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URANIUM IN SOiL > DOSE TO MAN

Potential Pathways to Man

- External exposure

- Inhalation of resuspended soil

- Ingestion of soi

- Ingestion of vegetation grown in soil

- Ingestion of meat from grazing animals
- Ingestion of mik from grazing animals
- ingestion of dairy products

- Ingestion of poultry

- Ingestion of eggs

’ Uin Sol —> Food Crops —> Dose to Man

U in Soil —> Uptake by Edible Portions of Plant —> lngestion-
of Plant By Man —> Dose to Man
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Cso,xf,_xxlchCF=CEDE

DEFINITION OF PATHWAY. PARAMETER

Cooil = Concentration of total uranium in soil [pCi/g).

-
|

Transfer coefficient for uranium from soil to edible portions of food
crops [pCi/kg - crop per pCi/g - soil]. :

| = Rate of ingestion of food crops by man [kg/year).
DCF = Dose conversion factor for ingestion of uranium [mrem/pCi).

CEDE =  50-year committed effective dose equivalent {mrem).

ASSUMED VALUES FOR PATHWAY PARAMETERS

PARAMETER -  VALUE ; REFERENCE

fe e 9.0 pCi/kg per pCi/g NCRP No. 76

I 630 kg/year (max teen) Reg. Guide 1.109

DCF 2.5 x 10 mrem/pCi DOE/EH - 0071
92
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CROP INGESTION PATHWAY
- Calculated Concentrations of Uranium in Food Crops
(assuming 35 pCi/g soil)
Concentration in Crops = Cg,; X fs_,;
= 0.32 pCi/g
- Measured Concentrations of Uranium in Food Crops
Concentrations in Food Crops < 0.005 pCi/g (potatoes)

Csoi X (1.4 mrem/pCl/g - so) = CEDE

EXAMPLE
For quil’ 35 pCi/g, CEDE = 49 mrem

93
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ATTACHMENT V

Vicinity Map for Manhole 180
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ATTACHMENT VI

As-Built Excavation Details
Manhole 180

96
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ATTACHMENT Vil
As-Built Outfall Sewer Restoration
~ Certification Sample Locations
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ATTACHMENT VIII

Radiological Survey Report

Manhole 180

60




RADIO-ANALYTICAL DATA
from the
VICINITY of MANHOLE 180

NOTE: See accompanying map for sample locations

LOCATION

W 0 ~N O o & W N

b et et et
w N - O

(Values given are millirem)

ANALYZER HEIGHT

DESCRIPTION CONTACT 3 FEET
Roadside - 002 .002
Roadside (down incline) .003 .003
Roadside .002 .002
Manhole .003 -.003
Above manhole .003 .003
Boundary .002 .003
Within Boundary .003 .003
Within Boundary .004 .004
Within Boundary .005 .004
Within Boundary .004 .004
Within Boundary .004 .004
Within Boundary .004 .004
Within Boundary .004 .004
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OUTFALL SERER RESTORATION

AS-0MLTY

EXCAVATION DETALS
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