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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 
responsi bi 1 i ty 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 comnercial product, process, or service, 
by tradename, trademark, manufacturer, or otherwise, 
does not necessarily constitute or imply its 
endorsement, recomnendation, 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 - EXECUfIVE SUMMARY 

On April  4 t h ,  1989, Westinghouse Materials Co. of Ohio  received a telephone 
call from a local area resident, who explained t h a t  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 t o  the area t o  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/l), and adjustments were made t o  the water discharge flow rate 
t o  discontinue the overflow situation. The manhole cover was then 
temporarily sealed, using a quickset sealant. The area was allowed t o  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 uranium and total thorium, uti1 i t i ng  X-ray 
fluorescence, and the results were reported on May 3rd, 1989. A second set 
o f  analysis was performed, by the BrPAOAP (2-(Bromo- pyridzo- 5 diethyl 
amino phenol)) method, t o  validate the total uranium findings of the first 
analysis. The results of the analysis of the soil samples are presented i n  
Table I .  

TABLE 1 

Total Uranium and Total Thorium i n  Init ial  Soil Samples 

X-Rw CHECK TEST X-Ray 
BrPADAP 

SMPLE NO. JOTAL U (PpBLL TOTAB u ( D a  TOTAL Th (DDmZ 

1 <11 
2 61 
3 28 
4 12  
5 17 
6 

- 7  
‘ 8  27 

127 
16 

6 
55 
20 
8 

1 0. 
116 

7 
22 

<23 
<23 
<23 
<23 

25 
<23 
23 

(23 

The area around manhole 180 was characterized t o  assess contamination 
boundaries and t o  determine concentration of contaminants associated w i t h  
the overflow. S p l i t  samples were sent t o  the International Technologies 
(IT) Laboratory as a quality control measure. The results of the 
characterization samples can be found i n  Attachment I (Figure 1.1 and Table 
1.1). The results of the sp l i t  samples sent t o  the IT Laboratory can be 
found i n  Attachment 11. The lower limit of detectability for the testing 
done a t  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. 

1 
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These results indicated that the majority of the manhole s i t e  was f a r  below 
the established cleanup cr i ter ia  (see cleanup cr i ter ia  section), but  there 
was a small area that was a t  levels above the cr i ter ia .  This f ind ing  was 
sufficient t o  warrant a removal action. 

The specific objectives of this removal action were to:  

1. Perform any and a l l  necessary repairs t o  the effluent line, the 
manhole structures, and the manhole seals/l ids t o  insure integrity 
of the outfal l  system, as designed. 

2. Remove soils, contaminated w i t h  levels o f  uranium or thorium above 
criteria levels, from the off-site areas and replace the 
contaminated soil w i t h  clean (uncontaminated) soil. 

3 .  Store the contaminated soil on the FMPC s i te ,  i n  a confined 
condition, for future treatment and/or disposal.  

Table 2 shows the chronology of events surrounding the removal action. 

2 
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TABLE 2 

CHRONOLOGY OF EVENTS and SCHEDULING INFORMTION 

April 4th, 1989 ............. Received telephone call from area 
resident reporting the effluent 1 ine, 
manhole 180 di scharge incident 

April 4th, 1989.. ........... Water samples taken, manhole temporarily 
sealed 

April 6th, 1989 ............. Eight preliminary soil samples taken, 
anal ys i s begun 

May 3rd, 1989 ............... Results o f  soil samples reported to 
WMCO, DOE, and Knollman Farm owner - 
DOE Oak Ri.dge provided with verbal 
notification and test results 

May llth, 1989 .............. Written notification given to DOE Oak 
Ridge 

May 15th, 1989 .............. Characterization soil sampling begun . 
manholes 178, 179, 180 and 181 repaired 
to prevent further overflow situations 

May 23rd, 1989 .............. Signs posted around affected areas, 
warning away persons attempting to access 
the area 

June llth, 1989.. ........... Characterization sample results complete 
June 15th . 1989. ............ Excavation area determined . excavation 

planned 

June 16th, 1989.. ........... Excavation procedure wri tten, Excavation 
check1 ist written 

June 19th, 1989.. ........... Excavation initiated, Excavation 
compl eted, sampl i ng 
completed 

Cert i f i cat i on 

June 23th, 1989.. ........... Certification sampling resu 
Backfill initiated & comp 

July 24th, 1989 ............. Split sample results rece 
IT Lab. 

ts completed, 
eted 

ved from 
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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 
I 

(Val ues shown are ppa) 
TOTAL URANIW TOTAL THORIUH --------------- - - - - - - - - - - - - - - -  

Certi fi cati on 
SamDle No, 

1 
2 
3 
4 

18 
27 
27 

(1 1 

<23 
<23 
(23 
<23 

4 
'9 n .-. 
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EXCAVATION CRITERIA 

lllmhwm 
The criterlr identified for this removal action were 52 parts per million 
(ppm) t o m  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 o f  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 "Deriva tion o f a Uranium 

Jllinois", was submitted to the Department o f  Energy in May, 1987. 
Attachment I11 presents a sample calculation of the conversion process. 
Residual Radioact1 vitv Guideline for the National Gu ard Armory in Chicaao, 

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 
/ Feasi bil i ty Study (RI/FS) . The selected cri teri a 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 o f  
selecting remedial action alternatives to address identified environmental 
concerns at the facility. k critical element of the RI/FS process is the 
completion of a comprehensive base1 ine 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. 

Backaround 

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. 

r. 5 
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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 imnediately 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 Oil and Hazardous Substance Contingency Plan", 53 
FR 51500-51502. 

Hanh ole 180 Removal Action Cleanuo C ri teri 4 

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 guidel ines were adopted from the NRC Branch 
Technical Position as presented in the Federal Register on October 23, 1981. 
The 35 pCi/g was recomnended 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 I1 lists the isotopic results o f  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 guidel ines. Attachment I11 presents a sample calculation, 
which illustrates the conversion technique. A removal action cleanup 
criterion of 52 ppm o f  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 11. 

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 o f  the NRC Position paper proposes residual radioactivity guidel ines 
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 - 8. A. Berven & Fred Haywood, ORNL; 
Health; Vol. 45 No. 3; September, 1983. 

(2) Federal Reaister; 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 mil 1 irad 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: plillirad 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 
like 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 guide1 ines the NRC completed a pathway 
analysis to determine the residual. radioactivity concentrations in soil 
which would limit 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 a1 so includes the consumption of groundwater from we1 1 s 1 ocated 
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 o f  material (PCi /9m) 

(1) "Determination of Concentrations of Selected Radionucl ides in Surface 
Soil in the U.S."; T. Myrick - B. A. Berven 81 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 Jladioloaical Assessment: Text book on 
Environmental Dose Anal vs it; John E. Till 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 Pathway 
2. Radiation Doses to Man Via Food Crop Ingestion Pathway 

The dose calculations completed as part of the pathways analysis considered 
both internal and external exposures resultant from the residual 
radioactivity. All internal doses were based upon a 50-year dose comnitment; 
that is, the total dose an individual would receive from one year of intake 
integrated over the next 50 years of his/her life. 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 Comnission on Radiological Protection 
(ICRP, Report # 30) guidelines for internal dose conversion. 

Technical Jus tificat ion 

Definitive residual radioactivity standards for long 1 ived 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 host 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 radionucl ides 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. 

8 
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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 conslstent with proposed USEPA guidance. 

As stated above, the risk based activity concentration guide1 ines 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 
recomnended 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 
maximal ly 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 1 imi t 
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-1 ife radionuclides such 
as uranium and thorium as defined within the NRC Branch Technical Position 
provide conservative action levels employing dose comnitments which are 
comparable to current USEPA guidance. 

As previously stated, the pathway model employed by NRC in developing its 
residual radioactivity guidelines uti1 ized 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 o f  
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 o f  the DOE Formerly Uti1 ized Sites Remedi a1 Action Program (FUSRAP) . 
This criterion was employed as a result of a negotiated agreement between the 
DOE and the State o f  New York. 

The 35 pCi/g criterion was also employed in the cleanup and unrestricted 
release of two comnercial 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 r 1.4 
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Definitim cri ter ia  for residual radioactivity of long half-l ife 
radionucttdes such as uranium and thorium have not as yet been established 
by the WE, NRC, or the USEPA. Current DOE guidance recomnends the 
establishment of uranium and thorium residual radioactivity guide1 ines 
through s i t e  specific pathway modeling. Site specific pathway modeling is 
currently underway a t  the FHPC as par t  of the ongoing site-wide RI/FS. In 
order t o  support  the objectives of the removal action a t  manhole 180, the 
FMPC adopted the proposed cr i ter ia  presented i n  the 1981 NRC Branch Technical 
Position paper as presented i n  the Federal Register on October 23, 1981. 
These cr i ter ia  have been employed throughout the country i n  similar 
situations involving the cleanup of private properties for unrestricted use. 
The cr i ter ia  defined w i t h i n  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 w i t h  proposed USEPA guidance. 

AREA EXCAVATED - CONTAMINATION LEVELS 

The area excavated during the removal action was approximately 64 square 
feet (8 f t  x 8 f t )  located east of and up t o  manhole 180. Attachments IV & 
V i l lustrate the area, w i t h  appropriate references. The soil was removed 
t o  a depth of approximately 2 f t  over most of the area, on a gradient as 
i 11 ustrated i n  Attachment VI. 
The excavation boundaries were set up t o  center, as closely as possible, 
the sanple po in t  w i t h  the h igh  reading (sample p o i n t  12) w i t h i n  the surface 
area of excavation. 

HEALTH AND SAFETY PRACTICES 

A l l  employees working w i t h i n  the contaminated area were dressed i n  clean 
brown coveralls, w i t h  the leg ends taped t o  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 no t  required due t o  the 
damp soil consistency. All personnel were monitored by a Radiological 
Services (R.S.) technician, prior t o  leaving the FMPC. 

A photographer and a minicam operator were a t  the excavation s i te  t o  record 
the removal action, i n  addition t o  several supervisory personnel. After 
the excavation was complete, a l l  personnel and equipment were monitored 
prior t o  being released from the excavation area, t o  return t o  the FMPC. 

CONTAMINATION CONTROL 

Dust suppression equipment was available, b u t  was not used due t o  the damp 
soil consistency. A dump truck, a pickup truck, and a f ront  loader were 
used during the course of the removal action. A l l  equipment was monitored, 
by a R.S. technician, prior t o  being released from the FMPC, for  off-si te 
work. 

10 
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The dump truck bed was lined w i t h  plastic, pr ior  t o  loading the excavated 
material, and was equipped w i t h  a tarpaulin cover which was used t o  prevent 
any soil fm 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 l e f t  
behind. During the return trip to  the FHPC the project manager followed 
the dump truck t o  insure that no material was spilled during transit.  (No 
materi a1 was spill ed) 

A l l  equipment used during the removal action was monitored by an R.S. 
technician prior t o  being released from the excavation area, t o  return t o  
the FMPC site. 

EXCAVATION and SOIL DISPOSITION 

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

The excavation was begun w i t h  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 w i t h  shovels t o  remove material from those areas 
that were inaccessible t o  the front-loader (an area directly adjacent t o  the 
concrete form of the manhole). 

The back-hoe section of the front-loader was then used t o  remove an 
additional sectton of material, approximately 30 cubic feet, t o  obtain the 
gradient as depicted i n  Attachment V I ,  and loaded i t  i n t o  the dump truck. The 
laborers then went back into the area w i t h  shovels t o  remove the secondary 
section that was next t o  the concrete form of the manhole. The Excavated 
soils were transported to  the FHPC site, and placed i n  storage as indicated 
previously. 

POST EXCAVATIOd CERTIFICATION SAUPLING 

Attachment VI1 i l lustrates the position of the certification samples taken 
r i g h t  after the excavation was completed. The samples represented the 0 - 
6 inch depth of the newly exposed soil. The results of the certification 
sampling are shown i n  Table 4: 

TABLE 5 

(Values s h m  are ppm) 
TOTAL THORIUH - - - - - - - - - - - - - - -  TOTAL URANIUM --------------- 

Certification 
Sample No, 

1 
2 
3 
4 

18 
27 
27 

4 1  

11 

<23 
(23 
<23 
(23 

-’ 1 6  



The infomation i n  Table 4 indicates t h a t  the levels of uranium i n  soil i n  
the excavrtlon/study area were successfully reduced t o  levels below the 
establi shed removal cri teria.  

A radiation dose rate tes t  ( w i t h  a Ludlum Model 19) was run  over the area 
surrounding manhole 180, after the s i t e  was restored t o  i ts  original 
configuration. The results of that tes t  are presented i n  Attachment VIII. 

On the basis of the results of the certification sampling and the radiation 
levels, no further excavation is required t o  meet the cr i ter ia  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 t o  the FMPC. The area was seeded as an 
erosion control measure. 

REOCCURRENCE PREVENTION 

On May E*, 1989, FMPC employees repaired manholes 178, 179, 180, and 181 
access ways t o  prevent reoccurrence of the overflow situation. The manhole 
access frames were excavated, the top of the manhole frame retention bol t s  
were cut off ,  and the old manhole frames and lids were removed and bagged. 
The remaining sections of the retention bolts were removed. New retention 
bol t s  were set  i n t o  the holes l e f t  by the old bol ts ,  and grouted in to  place 
w i t h  concrete. After the concrete had hardened, new frames were set i n t o  
place w i t h  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 w i t h  the newly installed 
bolts.  An "O-ring" inside each frame seals the l i d  when the l i d  is i n  place. 
The lids were t i g h t l y  secured t o  the frame w i t h  nuts. The outside base of 
each manhole frame was grouted t o  provide further protection for the systems. 
The frame/l i d  systems are now fu l ly  operational as "pressurized" manholes. 

A periodic (monthly) inspection schedule, t o  be performed by Uti1 i t i es  
Department personnel, has been establ i shed and w i  11 prevent reoccurrence of 
the deteriorated conditions t h a t  ultimately led t o  the overflow s i tua t ion .  
Plans ar'e now being formulated t o  clean o u t  the section of the effluent line 
which extends from manhole 180 t o  the Great Miami River. T h i s  action will 
reduce the resistance t o  flow w i t h i n  the line, and will consequently reduce 
back-pressure against the manhole covers and frames. 

12 
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ATTACHMENT I1 
Results of Radiochemical Analysis 

of Split Samples from Manhole 180 
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CALtULATlOY OF URANIUM SPECIFIC A C T I V I T Y  

The calculation of the specific activity of uraniun rcquires both the 

analysis of U-235 (ut t )  and the aMlysis of uraniun (-1. Fran 

10 CFR 20, the specific activity of uraniun is 

2 -6 
U Specific Activity = ( 0 . 6  + 0.38E 0.0034E )(1x10 Ci/w 

where llE1l is the ut % U-235 (U basis). 
- 12 

1 pCi = 1 x 10 Ci 
2 -6 

( 0 . L  + 0.3% + 0.003LE )(lxlO ) 

Ci/N U Specific Activity = .-__I------.-----.-------..---.- 
- 12 

(1x10 Ci/pCi) 

2 6 
u Specific Activity = (0.C + 0.m + O.OOWE ) ( lx10  1 pCi/gU 

If a sanplc contains 18X11 ppn of uraniun, the uraniun activity of the 

s w p l e  is given by 

-6 
x ppn = x W / g  sarplc = X x 10 W / g  snple 

I 2 I 

I I 
1 U SpKifii ActivitWY ppW0.C + 0.m + 0.0031E pci /g s a p t e )  

I I 

Exaqte: X = 50 ppn , E = 0.73 ut X U - U S  
2 

U Specific Activity = ( 5 O ) t O . C  + (0.38)(0.13) + (0.0034)(0.73) I 

u specific Activity = 3c p c V g  sanple 
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Iu)(Iwu( COUCENTRATIW IN SOIL 
05 / 301 89 

UYU tsenpkc basis) 
Category 1 Category 2 

Ocptcted Uraniun (0.20 ut X) 

NituraL Uraniun (0.71 ut 2) 
tuithwt daughters) 

Enriched Uraniun (~0.71 ut X )  

Natural Uraniun Ore (0.71 ut X) 
(uith daughters) 

Natural fhoriun 
(with daughters) 

?C 210 

CS 119 

b5 119 

15 15 

&6 230 
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Results of Environmental 

Pathway Analysis 
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RAMATK)N DOSES TO MAN 
VIA GRAaNG COW PATHWAY 

John R F W ,  Ph.0.. W P  
JohW.poStOrr,JI.,M.S.,8.S. 



URANIUM IN sotl > O O S E T O W  

u h sd -> Gfamg cow -> Dose to Man 

4 4  



Concentration of total uranium in soil (pciigf 

Transfer coefficient for uranium from soil to forage [pcilkg forage per 
pcv9 soil) 

Rate of ingestion of forage by cow [kg/day) 

Rate of ingestion of soil by cow [g/day] 

Transfer coefficient for uranium from intake to meat (pCi/kg meat per 
Pci/dayJ 

Rate of ingestion of meat by man Ng/year] 

Transfer coefficient for uranium from intake to milk (pCi/l milk per 
W-YJ 
fbto of~esr ion of m i  by macl [VLear] 

b s e  conversion factor for in;sestiarr of uranium (mrem/pCi] 

-yeat Committed Effective Oose Equivalent [mrem] 
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PARAMElER VALUE. EFEENcE 
~ 

fS>f 2 5  P m g  per pcilo m t w  N0.3 

50 kg/day Reg. Guide 1.109 
_ -  - 

G 
's 500 w a y  Zach & Mayoh (HP 1984) 

fme8t 5.0 x lo4 pciig per pcilday NCRP Commentary No. 3 

  meet 110 kgfyr (max adult) Reg. Guide 1.109 

'milk 6.0 x lo4 p C i  per pciiday N W  Commentary No. 3 

lmirk 400 l/yr (max teen) Reg guide 1.109 

Values are the most ConseTValiyB 0.8. give highest calculated dose) found in 
the literature. 

Fraction of Total Activitv Radionuclide QE 
U-234 (Soluble) 26 x lfl mrem/p(=i 0.49 

(Soluble) 25  x lfl mrem/p(=i 0.02 

U-238 (Sduble) 2 3  x lfl ~ e m / p c i  0.49 

DCF= (26 x 104 x 0.49) + (2.5 x 104 x 0.02) + (23 x 104 x 0.49) 



. .  . 

- Meat Csd/ x (8.6 X lQz mf8fTl/mg-soil) = CEDE 

- Milk C, x (3.8 x 14' mrem/pCUgsoil) = CEDE 

Meat+- C, x (0.12 mrem/pCUgsoil) = CEDE 

47 



GRMNG COW PATHWAY 

-Calculated Concentration of Uranium in Meat (assuming 35 pCi/g soil) 

Concentration in Meat = Cml x (ts-,, x I, + Is] x fw 

= 11opciig 

= 0.11 pcug 
01 

-Measured Concentration of Uranium in Meat 

Concentration In Meat LID 

GRAZING COW P A M A Y  

-Calculated c0rrCentrab;on of Uranium in Milk (assuming 35 pCig soil) 

-Measwed Comentration of Uranium in Milk 

Cmcentratkm in Milk 0.7 pCUl 

48 
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IWional Cotmd OII R a d i  Protectim and Measurements. weenina Techniaues 
~ W ~ E n v i r O M n e n t a I s t a n d a r d g  . Bethesda, 

M0:NCRP; Ncw' Commentary NO. 3; March 1986. 

US. oepa~ment of ~nergy. InternaI'Dose commrs ~ F a C t o r S f o r c a l a r  lation of Dose 
jo the puMiE Washington, 0C:U.S. Govemmerrt Printing OCRce; DOE/EH- 
0011; Juty 1988. 

U.S. Nudear Reg~latory Commisskm. 
Routine Releases of Reactor Effluents for Evaluatina Comdiance with 10 CFR 
50. Arwend& 1. Washington, 0C:U.S. Government P m  Office; Regulatory 
Guide l.lOQ, Revisiorr 1; 1977. 

lation of Annual oases to Man from 

Za&, R.; Mayoh, KR Soil Ingestion by cattle: A Neglected Pathway". Health 
Qhvsica 46:426.431; 1984. 
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RADIATK)N OOSES TO MAN 
VIA FOOO CROP INGESTION PATHWAY 

By: 

John R Frader, Ph.0.. CHP 
John W. JI, M.S., B.S. 
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URANIUM IN SOIL >OOSE1oMAN 

U h Soil--> uptake by Edible Portiorrs of Plant -> lngesth 
dPlantByMan-> Dose to Man 

51 



. .  
1 

QEFlNlTION 0 F PATHWAY PARAMETERS 

c,, = Concentration of total uranium in soil [pcig). 

= Transfer coefficient for uranium from soil to edible portions of food 
crops [pCiig - crop per pCVg - soil]. fs-c 

I, = Rate of ingestion of food crops by man Fg/year). 

DCF = Dose conversion factor for ingestion of uranium (mrem/pCi]. 

CEDE = Wyear committed effective dose equivalent [rnrern]. 

ASSUMED VALUES FOR PATHWAY PARAMETERS 

PARAM€IER : V U  REFERENCE 
~~ ~ 

NCRP No. 76 

630 k&ear (max teen) Reg. Guide 1.109 

OCF 2.5 x le mrem/pCi OOUEH - 0071 

. 
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CROP INGESTION PATHWAY 

- Calculated Concentrations of Uranium in Food Crops 
(assuming 35 pCi/g soil) 

Concentration in Crops = Csair x fs-,, 

= 0.32 pcig 

- Measured Concentrations of Uranium in Food Crops 

Concentrations in Food Crops 0.005 pCi/g (potatoes) 
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ATTACHMENT V 
Vicinity Map for Manhole 180 
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ATTACH.MENT VI 
As-Built Excavation Details 

Manhole 180 

56 



. 

I I I I  
I 

z 
t 
V 
W 
v) 

0 

I I I I  
V 
I 



ATTACHMENT VI1 
As-Built Outfall Sewer Restoration 

Certification Sample Locations 

. . . . . . . . 
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ATTACHMENT Vlll 
Radiological Survey Report 

Manhole 180 
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RADIO-ANALYTICAL DATA 
from the 

VICINITY of H O L E  180 

NOTE: See accompanying map for sample locations 

(Values given are millirem) 

LOCATION - - - - - - - -  
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

ANALYZER HEI6HT 
3 FEET DESCRI PT I ON 

Roads i de .002 .002 

Roadside (down incline) .003 .003 

Roadside .002 .002 

- - - - - -  CONTACT - - - - - - -  ----------------- 

Manhole 

Above manhole 

Boundary 

W i t h i n Boundary 

W i t hi n Boundary 

Within Boundary 

Within Boundary 

Within Boundary 

Wi thin Boundary 

Within Boundary 

.003 

.003 

.002 

.003 

,004 

.005 

.004 

.004 

.004 

.004 

.003 

.003 

.003 

.003 

.004 

.004 

.004 

,004 

.004 

.004 

. .  
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