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Attachment i

ERRATA FOR THE FEED MATERIALS PRODUCTION CENTER
ENVIRONMENTAL MONITORING ANNUAL REPORT FOR 1985

EXECUTIVE SUMMARY

Page 1, pp 2. "Radqn (zzan)' should read:

- "Radon (ZZZRn and 22°Rn).'

Page 2, pp 3. "...the overall was average..." should read:

- "...the overall averade was..."

ENVIRONMENTAL STANDARDS

Page 9, pp 1. - "...areas was generally used as the standard of..." should

read:

"...areas were generally used as the standards of..."

DATA ANALYSIS
Page 11, pp 1. "While samples vary, most samples..." should read:

"Most samp1es..,"

SAMPLE COLLECTION AND ANALYSIS

Air

Radiological Parameters

Page 14,'pp 2. The existing paragraph should be replaced with:

"Radon is a naturally occussgng isotope which }§4produced ,

from the decay of radium (¢4°Ra) and thorium (<<%Th), both
of which are also natural isotopes found in soils and
rock. As in 1984, concentrations of radon were monitored
at 7 on-site and 2 off-site monitoring stations using
commercially available instruments. The overall average
for radon measured at boundary stations in 1985 was
slightly less than the overall average radon measured in
1984 (Table 3). Typical background levels of radon are
measured annually at 0S1 and 052, which are located 5 and
3 kms from the FMPC, respectively. In 1985, the average
concentration of radon measured at these background
stations ranged from 0.4 to 0.6 pCi per liter of air."

Page 1
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Attachment 1

ERRATA FOR THE FEED MATERIALS PRODUCTION CENTER
ENVIRONMENTAL MONITORING ANNUAL REPORT FOR 1985

Fish

Page 39, pp 1. "A total of 252 fish representing 25 species were taken:
52 from sampling location 1, 41 from location 2, and 159
from location 3." should read:

"A total of 251 fish representing 25 species were taken:
52 from sampling location 1, 42 from location 2, and 157
from location 3."

Page 39, pp 3. "...and were lowest upstream (Table 22);..." should read:

" ..and were lowest downstream (Table 22);..."

Page 40 FIGURE 13 FISH SAMPLING LOCATIONS should be replaced with
the attached corrected FIGURE 13. Fish sampling locations
1 and 3 were incorrectly labeled on the figure.

APPENDIX I
TABLES

Page 52 Table 2 Radionuclides in Air should be replaced with the
attached corrected Table 2. The combined isotopes
Pu-239,240 were analyzed, and not Pu- 239 alone as
1nd1cated on the table.

Page 53 Table 3 222Radon in Ambient Air should be replaced with
. the attached corrected Table 3 The combined isotopes of
radon were analyzed, and not 22Radon alone as indicated
on the table.

Page 70 Table 20 Uranium Concentration in Garden Produce:
Potatoes should be replaced with the attached corrected
Table 20. A1l results reported were ug/g not pCi/g as
indicated on the table, and the conversion to Bq/g was
meaningless.

Page 72 Table 24 Summary of Radiation Exposure Due to 1985
Emissions should be replaced with the attached corrected
Table 24. The Sievert conversion for Maximum Individual
Dose, A1l Pathways From All Airborne Releases, Bone
Surface was 3.1 and not 9.5, and the Sievert conversion
for 80 Km Population Total, Effective was 550 and not 526,
as indicated on the table. . ) ,

Page 2
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‘ | " ERRATA FOR THE FEED MATERIALS PRODUCTION CENTER
© ENVIRONMENTAL MONITORING ANNUAL REPORT FOR 1985 -

APPENDIX 11 '
PARAMETERS TO BE ANALYZED FOR RCRA eaouunwma SAMPLING

Page 76, D. "28. Carbontetrachloride" should be:
' "28. Carbon tetrachloride.”
Page 76, E. "9. Cesuium 137" should be:
| | | g, Cesium 137."

APPENDIX 111
RESULTS OF RCRA GROUNDWATER SAMPLING

Page 88, NOTES - "(3) Conduct1v1ty results in umhos<cm" should be:

"(3) Conductivity resu]ts in umhos/cm."

Page 3
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ERRATA

TABLE 2 Radionuclides in Air

Attachment [

-— ]

Guideline Concentration of Radionaclides at Boundary Stations (1) in pCI/1 X 10° £2¢ (2.3)
Radionuclide Pﬁ‘)" -
BS1 BS2 BS3 BS4 BSS BSS BS?
Co13?7 2.0000 <8 <22.4 <281 <224 <11.4 <U3 155% <228
Np237 0.0040 <23 <1.1 <13 <34 <34 <1.1 <l1.1
Pu-238 0.0010 1.3+ 07 15+ 0.7 20+ 0. 13+ 0. 10+ 0.4 13 0. 09+ 06
Pu-239.240 0.0010 868+ 19 87+ 1.7 125+ 2 492 LI 18+ lj 68 1 32z 12
Pu-241 1.0000 428+ 09 412 0. 86068+ 1. 283z 0. 326 O J1éezx O 118+ 0S8
. Ra-228 0.0020 <78.2 <559 <522 <58.1 <458 1104 = 4«1 43t 396
Ra-228 0.0010 <33 <112 9.1+ 39 <112 <1i1.4 <11.0 <11.3
Ru-108 0.2000 304.9 £32.7 | 2069.7 £ 296.7] 3304.4 -341.8) 2531.9 £316.5 23621 + 2963 2474.3 £ 296.9] 2408.9 £ 278.0
'Sr-90 0.0300 283+1838 2462 + 58. 2810 £ 65 22¢3 ¢ S56.1 137+ 28. 682+ 30. 170 238
‘ Tc99 2.0000 T07.7 £ 76.2 | 3942.3 + 591.3 6380.9 £ 797.6] 3270.4 £ 633.01 40383 £ 4921 1188+ 29.7[ 1575.1 £ 370.6
Th-228 0.0002 142+ 22 106t 3 2.1+ S 3¢ 21+ ST 117z 4 228+ 87
Th-230 0.0003 1524+218 T2+ 28 210z § 146 1996+ 4 12142 331 828+ 226
Th.232 0.0010 97% 18 87+ 29 4z 28 123:x 34 1372 1322 . 1132 34
Footnotes:
(1) See Figure 2. :

(2) Reported in units of pCi/1of air, uncertainties are counting uncertainties only at the 9% C.L. To obtain Bq/!. multiply the value by 3.7 X 10™"".
(3) A composite of 32 weekly samples for BS3, 53 samples for all other boundary stadons.
{4) As stated in 10 CFR Part 20, Appendix B, Concentrations in Air and Water Above Natural Background. '

.
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ERRATA
TABLE 3  Radon in Ambient Air
Radon Activity in pCi/l (2)
Location
m Minimum Maximum Average (J) ?:5: @
Onasite
BS1 0.49 1.12 . 0.81 (0.03) 064
BS2 0.41 1.39 0.82 (0.03) 1.03
BS3 0.33 0.50 0.28 (0.01) 0.76
BS4 0.43 0.72 0.58 (0.02) 0.30
BSS 0.52 0.96 0.80 (0.03) 0.49
BS6A 0.72 1.42 1.06 (0.04) 0.71
BS6B 0.30 0.50 0.27 (0.01) 0.90
BS7 0.72 1.31 1.01 (0.04) 0.60
Offsite (5)
081 0.49 0.78 0.59 (0.02) 0.28
082 0.30 0.50 0.37 (0.01) 0.23
Footnotes:
(1) See Figure 2.

2) 10 CFR Part 20, Appendix B, established a guideline level of 3 pCi/!
above background.

{3) Bq/|in parentheses.
{4) C.LL = Average Concentration +/- the value shown.

(5) Located at nearby residences and used for backgroung comparisons.

Page 6
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ERRATA

TABLE 24 Summary of Radiation Exposure Due to 1985 Emiuioiu

Attachment I

Dose Equivalent
50-Year Commitment Guideline % of
_ Exposures Orgen mrem 8V) m Guideline
[. Maximum Individual Dose .
A. All pathways from Effective 19 (18.7 100 1.9
all Airborme &lum ) Bons Surface 03 E ) 78 0.4
Pulmonary 89 (88.7 75 119
Whole Body (3){ <0.0002  (<0.002) 25 <0.0008
B. Ingestion (4) ‘
Great Miami River Water Effective 0.002 (0.02) 100 0.002
Bone Surface 0.04 0.4) 5000 0.0008
Off-Site Well 15 (5) Effective 221 (221) 100 221
Bone Surface 328.1 (3281) 5000 66 -
C. Direct External’ Exposure Whole Body (6) 17.5 (17%) 100 17.5
IL. Individual in Ross, Ohio - Effective 05 0] 100 05
Inhalation Pathway (4) Bone Surface 1.4 a6 5 1.9
: ' Pulmonary 33 (33) 75 4.4
I11. 80 km Population Total (2) Effective 55 (550) 26x10* 2.1 x107
"Whole Body 0.007 0.0 844 %10’ 7.8x%10"

Footnotes:

(1) Guidelines: Radiation Standards for Protection of the Public in the Vicinity of DOE Facilities, published

November 14, 1988, adopta the standards of 40 CFR 61, Subpart H (NESHAP) for Air Pathway
Exposures (26 mrem whole body, 76'inrem to any organ), and adopts the recommendations of
ICRP 26 for prolonged periods of exposure for all pathways. (100 mrem effective dose, 100 mrem
whole body doss, 5 rem to any organ).

2). DouenkuhﬁoupnviddbyomchmDOGIDmAﬂ.mh population dose is expressed as person-rem.

(3) Whole body dose equivalent provided by ORNL. It results from radionuclides not deposited throughout the body,
therefore the whole body dose equivaient from all radionuclides relessed at FMPC resuits from external exposure

only.

(4) Doss equivalent calculation based on environmental measurements sccording to ICRP 26/30 Methodology.
ICRP 28/30 based 50-year commitment dose conversion factors fnn Dunning (1988)*.

(5) Off-gite Well 15 contained the highest concentration of nnmnn measured in oﬂnh wolh in 1988. Dose

calculations show maximum hypothetical dose from off-site well water ingestion.

() CdcuhudhommmMemnt&oMm@aMdWK&muﬁu
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Department of Energy
Oak Ridge Operations
P. O. Box E
Oak Ridge, Tennessee 37831

June 20, 1986

Distribution
ENVIRONMENTAL MONITORING REPORT - FEED MATERIALS PRODUCTION CENTER

Enclosed for your information and retention is a copy of the 1985 Environmental
Monitoring Report for the U.S. Department of Energy's Feed Materials Production

: Center located in your region. This report is prepared and published annually
.N for distribution to interested local, State, and Federal agencies, members of
J the public, and to the press.
If you have any questions on the content of this report or desire additional
information, please contact James A. Reafsnyder, DOE Site Manager, at
(513) 738-6357.
Enclosure: : ' '
FMPC EMR ;
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EXECUTIVE SUMMARY

During the year 1985, the Feed Materials Production Center (FMPC) continued to

conduct a cbmprehehsiye environmental monitoring program in order to assess any .

possible effects of FMPC operations on the quality of local surroundings.

‘The total emission of uranium to the atmosphere in 1985 (0.051 Curies) was

reduced 80% from 1984. Reductions of the overall average uranium concentratiOhs'

and beta activitiés measured in air at the site boundaries in 1985 ranged from

31% to 71% of the average values for 1984. Concentrations of Radon (222Rn) at

the site boundaries were at least 65% below the levels established by the Code

of Federal Regu]ationS»(lo CFR Part 20, Appendix B)(l), and down slightly from -

1984 values.

The total amount of uranium discharged in the 1iquid effiuent to the Great Miami
River in 1985 (0.41 Curies) was reduced 40% from 1984. -The total amount of
uranium discharged in stormwater runoff from thé site to Paddy's Run via the

- Storm Sewer OUtfall Ditch (0.026 Curies) was 32% less in 1985 than 1984,

Concentrations of each radionuc]ide measured in the liquid effluent prior to

discharge to the Great Miami River was decreased in 1985 except for thoripm ;
(232Th) which.was Ieﬁs than 0.89% of the Federal guide]ine; As in 1984, non- -
fadio]ogica] constituents in liquid effluent .exceeded the Nationaf Pollutant .
Discharge Elimination System (NPDES) permit limits less than 2% in 1985,

Decreases in radiological and non-radiological constituents in 1iquid'eff1uent'_

' were possibly due to reduced operations and'enhanced administrative controls

during 1985,

Results for the 1985 quarterly on-site groundwater sampjing showed no

differences from the 1984 overall average.values for uranium content and

-1-



rad1oact1v1ty due to alpha and beta part1c1es As in past years, the'1985
average uranium concentrat1ons measured in monthly samples co11ected from a11
but three off-s1te wells were within the range of natural background A
groundwater study 1dent1fy1ng the sources of the above background concentrat1ons
in the three off—s1te we]]s was comp]eted in 1985 A comprehens1ve quarter]y
mon1tor1ng program was 1n1t1ated in 1985 and cons1sts of the sampling and

“analysis of 35 on-site and six off-site we]]sefor 95 po]]utant parameters.

Reduct1ons in the average uranium concentrations in soils for 1985 ranged from

14% to 95% of the average va]ues at the same locations .in 1984 Uranium

A_concentrat1ons in sediments of the Great Miami River in 1985 were equ1va1ent to

background levels found in tbe area and were relatively unchanged from 1984

concentrations. Uranium concentrations in Paddy's- Run sediments at most

' Tocations were also equal”to background, with the highest concentrations nearest

the‘confTuence of the Storm Sewer Qutfa]l Ditch wtth Paddy's Run.

Vegetation, farm broduce, milk and fish were sampled in 1985. Uranium andf

fluoride concentrations in vegetation samp]es measured in 1985 were lower than

'concentrat1ons measured in 1984. Uran1um concentrat1ons in vegetat1on appeared _

to be c]ose]y ]1nked to the concentrations of uranium found in the 5011 at the
same 1ocat1ons in 1985. The average uranium concentrations in potato f]esh were
no,different‘from 1984 to 1985 and also between each»different samp)ing

location. Although the overall was average on the same order oflnagnitude’as

_vegetation samples, uranium concentration'in potato peels was greater than the

~overall average for 1984 due to higher concentrations at one location.  No

detectable concentrations of uranium were measured in any of the samples of‘mi1k

collected in 1985, The overall averageiuranium concentration in fish was 51%

lower than for fish collected in: 1984.

-2-



Radiological concentrations in air and water above.naturalibackgroﬁnd are
outlined in Appendix B of 10 CFR Part 20. Adherence to these gUide]ihes is.

‘designed to protect the public ffom'ehissions from facilities like the FMPC.

Guidelines used by FMPC for uranium 1sotopes and total uranium are more

str1ngent than levels set by 10 CFR Part 20 ‘Appendix B. There are a]so'_

National Em1ss1on Standards for Hazardous Aijr Po]]utants (NESHAPﬂZ) wh1ch add

an additional measure of safety. In 1985, rad1at1on exposures to the public

from direct exposufe, inhalation and 1ngest1on pathways, were below the Federal

guidelines set by 10 CFR Part 20 and NESHAP,

The estimate of how much radiation dose'the_whole individual receives over a 50

year period to the»pd]monary tissue was 0.0089 rem (88.1% 1ess than the

Federa] guidelines); fhe'weighted average estimate of how much radfation the
ihdividual received over SQ_yearSIWas(10019Arem'(98.1% less than the guide]iﬁe)
and the external whole body 'dese 'receiyed‘over 50 years was 2 * 1077 rem
(99.99% less'thaﬁ the.guideline);A A conservative estimate of annua]‘equsure to

the individual who lives closest to an additional source of radiation (K-65

Silos) was caleulated. If the indfvidua].femained on the pub]ie foad_in front -

of his house 100 percent of the time throughout the year, his annual dose would

be 0.018 rem (30% less than the guideline).

The radiation dose the whole individual keceives over 50 years if he were to

dr1nk Great Miami R1ver water at the FMPC effluent dwscharge was 0.00004 rem to

'the bone surface, and the we1ghted average dose est1mate for all -body organs was

2 x 1079 rem (0.0008% and 0.002% of the gu1de11nes,_respect1ve1y). The

'fadiation'dose the whole.individua]~wou]d receive over 50 years from drinking

from the'well'with the highest above background Tevels of uranium is 0.022 rem

for a weighted average dose for all body organs (77.9% less than the éuide]ine)



and 0.33 rem (93.4% less than the guideline) to the bone surface.

The dbse to the indiﬁdua] who remains in the town of Ross, Ohio (4 km from the

FMPC) 100 pércent of the time is 0.0014 rem to the bone surface (98.1% less t'han_:
“the guideline), 0.0033 rem to the pulmonary system (95.6% less' than the
guide'liné) and 0.0005 rem for a weighted average dose for all body organs (99.5%

less than the standar_'d) The estimated weighted average of how much radiation .

dose the human popu]at1on within 80 km of the FMPC receives over 50 years 1s
55 person-rem (0 00002% of the gu1de11ne), and the external whole body dose
received over 50 years for that same population was 0.0017 person-rem

(7.8 x 1079% of the guideline).

-4-



INTRODUCTION

The Feed Materials Production Centér (FMPC) is anAindustriai facf]ity owned by
the United States Deparfment of Energy (DOE), and was managed by NLO, Inc. iﬁ
1985. Management of the facility is under the direction of Westinghouse
Matefiais Company of Ohio (WMCO) since January 1,'1986. Located approximately
32 km (20 mi) northwest of downtown Cincinnati, Ohid,.production operations
cover approximate1y 55 héctares (136 acres) in the center of a’425 hectare (1050
. acres) site. Several rural.communities lie within a 1-5 km radiug'of‘the pjant

7_(Figure 1).

The primary fungtion of thé FMPC is the prdddctioh of metallic uranium fuel
e]ements and target cores and other uranium compoﬁnds for use at other DOE
' faci]ities. The_isotopic content of the final product may be deplefed; normal,
or slightly enrichediin 235y, However, the average 235 content is close to

that of uranium found in nature ( 0.71 percent).

'TheAproduction of fuel elements and target cores may begin with ore
concentrates, recycled uranium, or with other uranium compounds. Some of the
material is first dissolved in nitric acid to extract uranium from most of the

impurities. A solution of uranyl nitrate is then prqduced.

Evaporation and heating convert the nitrate solution to uranium trioxide~pdwdér.
This trioxide is reduced to uranium dioxide and subsequently reacted with
~anhydrous hydrogen fluoride. to produce uranium tetrafluoride. Uranium
tetrafluoride is then feacted with magnesium metal to pfoducé metallic uraniunL
This meta]lic‘uranium is then combined with scrap uranium meta]Aénd feme]ted to
yield a purified uranfumAingdt. Ihgots aré'then extruded to form rods or tubes.

‘and machined to the dimensions specified by other DOE sites.

-5-
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In the bast, small amounts of thorium have been procéssed but none was produced
in 1985. Thorium production is similar to uranium production; however, the-
‘final product may be in the form of thorium nitrate solution, solid

thorium éompounds; or metallic thorium.

AREA GEOLOGICAL FEATURES

Glacial action during the time of the I1linoian and Wisconsin iqé sheets left

the érea in mﬁch.thé same geological form as it is today. In the immediate

area, outwash from retreating glaciers fi]]éd the remains of an anciént river’
va]]ey.  The Great Miami River, Which runs inra'southérly direction about 1 km -
east of the FMPC, cut its present course through this'fil1. The present river
bed lies approXimatély 18 m below the original surfaée_]evel 6f the glacial
deposit. Nearly 15 m of ciay-rfch till ﬁnderlieélthe FMPC ahd is probébly the
* remnant dfba large glacial mbraihe, Beneath this_tiT] is a wide~(approxim§te]y

5 km) and deep (about 46 m) bed of sand and gravel.

The FMPC site toppgraphy is a relatively level elevated plain, somé 177 m
(580 ft) above sea level. The land rises slightly to the north (213 m elevation
>at the northern boundary) and,.on the west, s]ope§ downward to Paddy's Run (168
m elevation). Soils at the FMPC aré generally éharacterized as Fincastle-Xenia
silt loams grading into Fox-Gennessee and Russell-Xenia silt loams at the

western edge and northeast corner of the Site, respectively.

On-site vegetafibn ié typical of that 0ccufring e]gewhére in'the region uhder
“similar land use practices. The on-site_areas nofth aﬁd west of the préduction
area are moderately wooded with a variety of deéiduous hardwoods. A]on§ the
weSt side of the site and to some extent on the south, these wooded‘portiohs are -

found mainly along the natural watersheds. Several acres immediately north of



the production area were planted with WHite pine (Pinus'strobus)and Austrian

Pine (Pinus nigra). The major planting was done in 1973 as part of an_

env1ronmenta1 1mprovement prOJect The remainder of the site is covered with a
variety of pasture grasses typ1cal of the area and most of this is 1eased to

1oca1 da1ry producers for grazing purposes

Although there'are seyera1 small industries nearby,_the'majdr_econbmic‘
activities in the area are farming,idair&ing, and the raising of beef cattie.
Major fafm crops include sweet corn, field cprn, soybeans, and wheatQ. Several
nearby farms are\ajso involved in the»productiph of garden produce which is sold

either at local roadside stands or trucked to nearby urban markets.

Dueito'the nature'ofgthe geology underlying the area, groupdwater and grave].are.:
impcrtaht area products which are_so]d commercial fy. A nearby water company
(approximately 2 km upstream of the FMPC outfall) began operations Just prior to
construction of the FMPC and pumps nearly 20 million gallohs ofdwater per day.
This is-so]d'chief]y‘co industriesgin and near Cintfnnati. fhis aquifer, from
which the fMPC aiso obtains its water supp]y; is recharged fn part by the Great
Miami ﬁiver. Many gravel pit operations exist in che Great Miami Valley. These

are found both along the river and in the flood plain some distance inland.

Substantial amounts of .industrial and municipal wastes_from the upstreamA
communities_of Dayton, Middletown, Hamilton, and Fairfield are discharged into

the Great Miami River; therefore, little recreational use is made»of the river.

Downstream areas of the river are sparsely settled and industries are sma]l and
scattered. The conf]uence of the Great M1am1 w1th the Ohio River is 1ocated

approximately 29 km (18 mi) to the south of the FMPC.

Precipitation for the area averages 958 mm(37;7inches)‘ann0a11y. 1985_was



slightly above average with 992 mm (39.1 inches) total precipitation (measured

as wéter) recorded. 'Mohth]y maximum and’minimum values were 225 mm (843 inches)
during the month of November and 14 mm (0.5 inches) during September,

respectively.

ENVIRONMENTAL STANDARDS

Effluent discharges of-air and water from the FMPC are required to meet Fedéra]
guidelines for radiation protection. Concentraﬁions for radiological

“constituents out]ined,ih 10 CFR Part 20, Appendix B for air and water above

natural background in uncontrolled (off-site) areas was generally used as the

_ standard of comparison for the environmenta] data presented in this report;

‘however, the guidelines used by FMPC for uranium isotopes and total uranium are

more stringent than levels set by 10 CFR Part 20; Appendix B. The National

Emission Standards for Hazardous Air Pollutants (NESHAP) which became effective
in February, 1985, were also used for evaluating air emissions from the FMPC in

1985.

The criteria used for non-radiological air and waterborne contaminants were

taken from standards adopted by Ohio_EPA(3’4).< Results of groundwater sampling

were compared to Natioha]rPrimary and Secondary Drinking Water Regulations as

well as the Federal guidelines for radiation protection. Non-radio]ogica]
- Tiquid effluent discharged from the FMPC is regulated by Ohio EPA as part of the
National Pollutant Discharge E]jmjnatibn System (NPDES).

QUALITY ASSURANCE
_An essential part of the verification‘of environmehta] data is the

imp]emehtation of a comprehensive quality assurance program. The analytical
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laborétories at the FMPC maintain such a program. The FMPC laboratories
. calibrate their instruménts daiiy, analyze standards with each set of samples,
and frequently-analyzé blanks and spiked samples. With each set of samples

sent to independent laboratories for analysis, certified quality assurance and

control blanks are also included. Depehding on the constituent to be analyzed,

the results must occur within a specified performance lTimit or within the

routine limit set by each laboratory for a standard level comparable to the

specified true value.

A'very important program in which the FMPC participates is the Qua]ity Assukance
Program administered by the DOE Environmental Measurements Laboratory (EML) in

New York. EML proVides radiological Samp1es to be analyzed by FMPC 1aboratorfes

and the results of these ané]yées are compared to the respective standards. If

‘the analytical results from the two laboratories were to compare exactly, the

ratio between results would be one. The averagé value of the ratio recorded in
1985 for the FMPC was 1.18 and indipatés-]ess than 20% variance which shows

excellent agreement between the two analytical laboratories.

In cooperation with U. S. EPA, the FMPC 1abofatories pafticipate in the NPDES
laboratory performance eva]uation-progrém. Samples containing constituents
reQu]atéd under the NPDES permit forkthe FMPC are §ubmitted for analysis and
checked with the standard resuTts.The overall 1985 values determined by the

FMPC 1aboratprigs were closely related to the u.S. EPA:standards.

DATA ANALYSIS

The results of the extensive FMPC environmental monitoring program are presented

in this document. Sampling the air, water, vegetation, soil and other media -

requires' careful planning and design. When a sample is taken from a populétion
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within the environment, jt'eXhibits a natural variation from all other samples
collected. While samples vary, most samples will haye only slight differences
“" in one another and they cluster around the “most!probab]e" value. This is

considered to be a normal distribution.

»-Sémpies may not be distributed normally. Thfs fs'norcéuse for Concern bécause
~adjustments in fhenmathématical analysis éan aljow fér_the use of.thé techﬁiques
designed for normai populations. If, fbr example, somefhing were to cbntinua]]y o
doUbie its size during its period of growth, one could account for this
- excessive growth and épp]y'the aséumpti@ns of normal growth. - Some sémpling
programs are recognized,to.broddce non-normal1y distributed samplés (fish

sampling énd radioﬁogjca] air monitbring, for instance). This,wﬁs accounted for

in the data analysis.

The actuéi e§a1uation'of data involves taking the Vaéiation of the results frdm )
one sample and fndirect]y comparing thiéivafiation.to‘standard pbpu]étion ‘
diétributions; The comparison fs‘adjusted by the number of samples that were
col]ected_aﬁd how demanding a test is required. Thé tests can'cohpare averégeé '
fo seeiif,they are.difféfent\ffom oné,andthér; and‘éstab]ish limits around the
most probab1¢ ;a]cu]a;ed'value; ‘A1l 1hf6rmation gathered»fof thfs repoft»was}'
treated in this manhér, and all tests were designed to be 95%'certain of the

~ _results obtained in each respective test.

SAMPLE COLLECTION AND ANALYSIS
Air

RédiologicéliParameters

“The conversion of impure uranium compounds to reactor-grade feed materials can
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generaté radioactive particulates in the air. Ventilation and air cleaning

systems are used to reduce:the_exposure of the employees to these partic]es and

 to reduce fhe'émission of the particles to the atmosphere.- As part of the
reclamation program at the FMPC, the more valuable of these materials are

_returned to the production process.

Before release to the atmbsphere,»the:air is filtered or scrubbed. A total of

75 kg (0.051 Ci) of uranium was emitted‘intd the atmosphere during 1985. This

is an 80% deéreése from the 376 kg of uranium emitted in 1984, .

Seven high volume air samplers (FigUre‘Z) are located along the FMPC.boundary to

co]1ect'continuous $amp1es of airborne particules. Sampleé are collected and

~ analyzed at.week]y intervals. At each sampler, air was drawn through a 20 cm by

25 cm filter at a rate of'approximately‘i m3/min. Filters used during the week

-‘weré accurately Weighed before installation and after collection td obtain the -

weight of the particulate matter collected. The filter was then dissolved in

acid and the solutions were éhalyzed for uranium content and beta activity.

Analysis for uranium and beta activity were done nine days after collection. A"~

portion of each of these solutions was retaihed td provfde a long-term
'tomposife, which.wds used.to detect the presence of_tra;e radionuc1fdes (e.g.,
237Np, 239Pu; and 232Th). Moré frequent.analyses'for these other rédionuciides
‘were not considered necessary since analysis of'the‘samplé éo]ution’showed there

were extremely small amounts of these elements present on-site.

Average particulate and uranium concehtratiohs, and beta activity from the

various fadionuclidés present in the air samples are shown in Table 1.
Comparisons were made between 1984 and 1985 data. Concentrations of‘uranium« _
measured at the boundary air stations in 1985 were 45% to 71% lower than

~ concentrations measured in.1984;. Beta activity was 31% to 61% lower at-all
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boundary air stations in 1985 than in 1984. Data regarding the airborne trace
radionuclides encountered on site_aref presented in Table 2. The radionuclides

137Cs, 226Ra, 228Ra, IQGRu, 905 éndlgch were analyzed in 1985 for the first

"time.  Levels of trace radionucTidés were generally lower than those measured

ih 1984 (sée Figure 3).

Radon (222Rn) is a naturally octurring isotope wﬁich'is producedrfrom the decay
of radium (226Ra), also a natural isotope found in soils and rock. As in 1984,
concentrationquf 222pp were monitored at 7 on-siteAand 2 off—sfte moniforing
stations using.cqmmercially available instruments. The overall averaée for

222Rn measured ‘at boundary stations in 1985 was s]ight]y ]esé than the overall

average 222pp measured in 1984 (Table 3). Typical background levels of 222p, -

are measured annua11y at 0S1 and 0S2, which are 16Catedf5Aand 3 kms from the .

FMPC, respectively. In 1985, the average concentration of_222Rn measured at

these background stations ranged from 0.4 to 0.6 pCi per liter of air.

‘Nonradiological Parameters

Analysis of particle concentrations from bouhdary,air station filters (Tab]e'l)
- showed a reduction from 1984 vaiues for boundary stations 1, 2, 3, 4; and 7.

The highest concentration of particles was found at BS4. Overall reductions in

particle concentrations may account for decreases in uranium and beta particles,

since these may be borne on the surfaces of larger particles.

-The steah generation plant at the FMPC utilizes two boilers with a total design
capacity of 150,000 pounds of steam per hour. E]ectrosfatjc devices keep
“particulate dischafges below the Ohio EPA particulate I{mit of 0.19 pounds per
‘million British thermal units (BTU) input. StaCk'testing;_aslfequired‘by‘the

Ohio Administrative Code (QAC), was performed during 1985 at the Boiler P]ant.in
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cooperafion with the Southwestern Ohio Air Pollution Control Agency (SNOAPCAL
The results of the stack'testjng indicated the average emission of the steam
~ plant to be 0.040 pounds per million BTU, based on three runs using EPA
Reference Methods 1-5. As a reéult of this testing; air emission source permifs
to operate were renewed for Bo11ers No. 1 and 3 on June 7, 1985. Expifation

date for these perm1ts is June of 1988

Sulfur dioxide (SO,) emission Timits for stationary facilities have been adopted

by the OEPA. Under these rules, the limit for the FMPC steam plant is less than
1 kg (2.2 pounds) of S0, per million BTU input from each boiler. This limit is -
equivalent to the use of coal containing 1.3 percent sulfur. Coal containing

_only one percent or less sulfur is purchased and utilized at the boiler plant in

order to meet the SOZ-emissioh requirement;

- The Siate of Ohio currently has no emission limit for NO* for'éources-in

existance prior to January 1, 1974. The FMPC} ih keeping within-ifs commitmean

to worker protection and environmental -improvement, maintains NO, emissions at

-levels as low as practicably achievable. The major sources of potential NOx

.emission at the FMPC are ventilated to a bubble cap tower for scrubbing prior to .

" “release to the atmosphere. Emissions from this tower are limited to 100 parts

per million NO, as indicafed in an FMPC standard operafing pndcedure. Other

smaller sources of potential NO, emissions do exist at the FMPC which are not
ventilated through scrubber systems. - Emissions from these facilities are kept

as low as achievab1e through administrative controls. Engineering efforts are

'underway to _examine the appl1cat10n of control systems to reduce em1ss1ons from

these fac1]1t1es

Maximum permissible levels of particulate emissions from industrial processes

are established under Section 3745-17-11 of the OAC.' These limitations are
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based upon each 1nd1v1dua] process and its emission sources at maximum operating
conditions, Em1551on stack testing conducted in 1985 by Northern Kentucky
Env1ronmenta1 Services 1nd1cated remova1 effic1enc1es above 99 percent for 14
“out of the 15 co]iectors tested Through the use of highly efficient
env1ronmenta1 control systems and tight administrative contro]s, particulate
emissions from industrial process sources arerminimized. ATl 1ndustr1a1 sources

of particulate emissions are well within the established guidelines.

The FMPC so]id waste 1ncinerator is used for the destruction of combustible
material such as wood, and discarded paper This material is surveyed for
radioact1v1ty1riorder to eliminate potentially contaminated items from the
waste stream prior to burning. The incinerator‘was specified to meetistate‘
emission standerds of one gram particu]ate.matter per kilogram of solid refuse
cnarged.‘ Comp]iénce_testing, as required_oy OAC, was completed dUring 1985 by
Northern Kentucky EnVironmental Services and a permit to operate the solid
naste incinergtor’was issued on August 18, 1985 with expiration three years
lTater. The compliance testing determined tne average emissions for the
incinerator to be 0.0985 pounds.per,100Apound‘chdrge,'based on three runs USing
~ EPA Reference Methods 1-5t A liquid waste incinerator hes been constructed for
the disposal of non-hazardous waste oi]s.' Stack emissions from this incinerator'

are minimized by a baghouse collector.

Surface Water

Radiologicai Parameters

.Each of the maJor production p]ants at ‘the FMPC has the capability to coi]ect,
and pretreat process wastewater. Uranium is co]iected_for recycling as part of
© . these pretreatment systems. Effluent from each plant sump system js collected

‘at a centralized facility, the General Sump, for additional treatment. Treated
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wastewater is allowed to settie and clear prior to being routed to a lagoon and
clearwell system for further so]ids removal. Effluent from the Clearwell and
non-contaminated supernatant from the Genera] Sumo are combined with sewage
» treatment efi]uent and a portion'of stormwater runoff prior to discharge to the
- Great Miami River.. Excessive stormwater ruooff.fromrthe site overflows -at the
Storm Sewer Lift Stafion to an-outfail ditch whichidrains to Paddy's Run (see
'Figdres 2 and 4). Paddy's Run is a small intermittent stream lying along the
west site boundary aod joins the Great Miami River aporoximately 3 km .south of

- the FMPC.

Surface water sampling 1oeations are.shown‘ih Fioures 4 and 5. At the final
access point (W2) prior to discharge to the Great Miami River, samples are
continuouely eollected in proportion to the fotal flow. "Samples (24-hour

composites) were coT]ected'daily and ahaiyzed for uranium content aod
radioactivity due to alpha and beta particles. | One month composites of the
daiiy samples were analyzed for 226Ra 228Ra 106Ru and 232Th Two semi-annual

comp051tes were analyzed for other radionuclides

At sampling location W2, the total amount of radioactivity for the isotopes
listed in Table 4 was less in 1985 than in 1984 except for 232Th. This value is
expressed as a "less than" total for 1985; therefore, a comparison‘of 232Th
between the two years is difficu]t. Reductions of at least one order of -
magnitude in 137Cs, 238Pu, 9OSr, 235U, and 236y were evident in the 1985 total
values. Additionally, a two-fold reduction of 997¢ was measured at the W2
sampling location and may be due, in part, to decreased refinery operations in
1985. The average concentrations for 1985 were compared to Federa] guidelines
A ior uncontrolled areas. Table 4 indicateS'the.highest "percent'of guide]ine"}

for any of the radionuc]ides-in 1985 to be that of.total uranium (55.1%). Daily
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grab samples were collected at river sampling points W1 (upstream) and W3

(downstream) as shown in Figure 5. 7These samples were composited for monthly

determinations of 225Ra and 228Ra content. A weekly grab sample was collected

atdnoint w4-which is approximately 7.5 km downstream of the confluence of

Paddy's Run with the Great Miami River. At least one sample per week from each

of the three river locations was analyzed for uranium concentration and

rad1oact1v1ty due to alpha and beta particles. Grab samples were collected

week]y from samp11ng points W5 and W7 (or W8) on Paddy" S Run for the entire
year. Due to the intermittent nature‘of Paddy's Run, samples were collected at
éithek bofnts:w7 or W8, depending on the the amount of water present at these
{ocations. Samp]ingdpoints wa, wio, and W1l were incorponated into the surface

- water sampling program for Paddy's Run in Tlate 1985. These points are Jocated

~ between W5 and W7 (Figure 5). week]y samples were analyzed for uranium content-

and radioactivity from alpha and beta particles. 226Ra and 228Ra ana]yses were

performed on bimonthly compos1tes of water co]]ected at ws and, when ava11ab1e,

on month]y composites from W7. Table 5-summar1zes these results.

The majority of the radionuclide rasu1ts for the surface'water samp]ea cd]lécted
from the various samplfng locations on the Great Miami River and Paddy's Run
»'were re]atiVe]y unchanged.from 1984 to 1985. Two:differences in the 1985‘data
were noted invo]vfng the 99Tc concentrations at river locations W1, W3, and W4
_‘and the uranium content and actinities due to a1pha and beta particles at W7 on
Paddy's Run. Concentrat1ons of 99Tc decreased as much as 79% at the r1ver

locations downstream of the FMPC outfa]] wh1ch, as previously ment1oned,1s

probab]y due to reduced refinery operations. Gross alpha act1y1ty.and uranium

content at sampling point W7 on Paddy's Run for 1985 showed at least a two-fold
increase over the 1984 values, and gross beta activity was increased

‘approximately 35%. Since the total amount of uranium (2.6 x_lO‘z_Curies)
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: discharged via the Storm Sewer Outfall Ditch to Paddy's Run in 1985 was less

than in 1984, additional sburCe(s) contributing to the higher uranium

concentrations measured at sémp]ing point W7 are implied.

A portion of stormwater runoff emanating'frdm the Waste Storage Area is

R discharged directly to Padd}'s Run at pdints_approximate]y 0.9 to 1.5 km abové’

the confluence of the Storm Sewer Outfall Ditch with'Paddy's Run. This runoff

water has been identified to contain above background concentfations of

uranium(s), and therefore,_may possibly be cohtribufihg to the higher W7 value
for 1985 regardless of theAuranium discharged:via thebstorm sewer system.'
. Points W9, W10, and W1l Werg added to the surface water sambling program for

‘Paddy's Run in 1985, showing averages for tota]suranium concentration of 23.33,

235.51, and 9.82 pCi/],.reSpectively. Water collected ffom the W7 sampling

location had an avérage uraniUm of confent 43.37 pCi/1 for 1985. In_additfbn,
‘sediments sampled at locations 16 (in the Storm Sewer Outfali'Ditch) and 17 (in

Paddy's Run), as shown in Figure 10, measured the highest total uranium |

concentration in sediment samples co]]ected in 1985, 33.5 and 46.2 pCi/g,

respectively.' During periods of increased erosion from heavy runoff, re-

suspension of sediments such as these may have a]sQ contributed to the higher

uranium content in surface water samp]ed'at the W7 location in 1985.

Non-Radiological Parameters

In 1985, the FMPC discharged an average of 0.45 million gallons of water per day

to the Great Miami River (as  measured at sampling point wz). An additional 0.18

million gallons @f runoff water during each storm event was discharged to

Paddy's Run via the Storm Sewer Outfall Ditch in 1985. Both of these discharge
pdints,_as'well as four other on-site locations, are defined_andlregu1ated by a
National Pollutant Discharge Elimination SyStém (NPDES) pérmit. This permft,
ﬁssued by Région V of thé U.S. EPA, is administered >by fhe Ohfd:EPA and
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requ1res the FMPC to character1ze effluent streams by analyz1ng samples'

collected at the locations shown in.Figure 4. Schedules for sampling are
specified in the permit and results were reported to the U.S. EPAion a quarterly
basis and to the Ohio EPA on a monthly basis in11985.' A renewal NPDES Permit
Application for the FMPC was filed with Ohio EPA in 1984. | |

Through an extensive NPDES surveillance and monitoring progham of liquid

effluents at the FMPC, it was determined that the facility exceeded the NPDES-

daily maximum or monthly average perm1t Timits less than 2 percent of the t1me
in 1985. This program enta1led the collection of over 1700 samples. Results _of

the NPDES analyses on these samples are shown in Table 6.

Approximately a third of the noncompliances involved hexavalent chromium in

samples collected from the Combined General Sump and Clearwell location.

Another third of the values which exceeded theiNPDES'limits for iron, copper,

and total suspended solids (TSS) also occurred at the Sump/ClearWell Tocation..

A11 of these noncompliances occurred at times of increased precipitation and

Clearwell pumping. Effluent from the Sewage Treatment Plant exceeded'the_'

loading Timits for either BODg or TSS ohly five tlmes‘in 1985, even though“

concentrations were below the required Timits. The remaining four

noncompliances involved TSS and 0il & grease at the two discharge locations.

These measurements occurred during periods of heavy stormwater runoff or

snowmelt and may be associated with increased sitewide construction activities.

The cohpletion of the Stormwater Retention Basin and Biodenitrification Facility

scheduled for 1986 should s1gn1f1cantly reduce the number of NPDES

noncompl1ances

Weekly samples collected from points W1, W3, and W4 on the Great Miami River .

were analyzed for fluorides, chlorides, nitrates, and pH (Table'7). No
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statistical differences for these barameters were fand between the 1984 and

1985 overall average values. Samples collected at Paddy's Run locations W5, W7,

and W8 were analyzed monthly for the fluorides, ch]orides, nitrates, and pH and

" also showed no statistical differences in the 1984 and 1985 overall averages.,

Samp]es'énaiyzed from points W9, W10, and W1l which were added to the prbgram in

late 1985 indicated general consﬁstency with results from the other Paddy's Run

Tocations.

The current Water Pollution Control Project at the FMPC is>designed to improve
the qua]iiy of 11quid effluent.and consists of four subprojects:
Biodeni;rification Systeh, Stormwater Retention Basin, Coé] Pile Rundff
Collection System, ahd Ultraviolet Disinfection of Sewage Eff]uent.r The
Biodenitrification project is deSigned to.]ower nitrate loadings discharge to

‘the Great Miami River and»fs schedujed for completion in 1986. In order to

substantially decrease stormwater discharges to Paddy's Run, the StormWater .

~Retention project wii1 be completed in 1986.} The Coal Pile Runoff and
Ultraviolet Disinfection projects are currently opératjonai. The Coal Pi]e
project pto&ides for the collection and iransport of runoff from the coal
storage-areé.for treatment and the Ultraviolet Disinfeétion project»invoTves the

replacement of chlorine as the disinfectant at the Sewage Tfeatment Plant.

Groundwater

Radiological Parameters

| Water samples were collected quarterly from each of the 13 6n-site well; and

monthly from the 25 off-site wells during 1985. The location of these wells are

- shown in Figures 6 and 7. Quarier]y samples from the on-site wells were

analyzed for the concentration of uranium and the radioactivity due to alpha
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" and beta particles, (Tables 8, 9 and 10). Monthly samples.from the off-site

',wells were analyzed for uranium content (Table llx

In general. results of the quarterly on- 51te groundwater sampl1ng for 1985

showed no stat1st1cal d1fferences from the 1984 overall average values for

uranium content and alpha and beta radioactivity. The 1985 monthly off—s1te

results for uranium,content were very similiar to the 1984 values. As in past

years, the_average uranium concentrations in samples'collected'from all but
three of the off-site wells were within the rahge of natural background for
uranium content in groundwater. Estimates for background concentratiohs of

uranium in local groundwater range_from'0.068 to 1.83 pCi/l(s) and in most

.natural waters in the U.S. from 0.068 to 6.8 pCi/l(G). Sources of the above

background concentrations of uranium in the three off-site wells were 1dent1f1ed

by a Dames & Moore Groundwater Study for the FMPC(S) 1n 1985.

As part of the Dames & Moore Study, 22;on-site grbundwater mohitqring wells and'_

one off-site groundwater menitoring/supply well were'installed. In Tate 1985,
 these wells (along with the existing 13 on-site and five off-site wells) were

sampled and analyzed for the 95 parameters (15 of which were radionuclides)

indicated ih'Appendix II. This sampling was performed in accordance with -.

- guidelines and brotocol set forth by U.S. EPA'in the Resource Conservation and

Recovery Act (RCRA) Results of "Round 1" for the quarterly RCRA groundwater

sampling are prov1ded 1n Append1x III. A summary report is prepared upon'the'

evaluation of analytical data for each sampling round(7); however, an accurate
assessment of the overall groundwater quality cannot be determined until the

conclusion of four RCRA sampling rounds,

Non-radiological Parameters

- The quarterly on-site and monthly off-site groundwater samples were analyzed for

| -23_- _ A. . 4 B



nitrate conteht in 1985 (Table 12 and 14). The'1985 overal] averages for

nitrate concentrations in all of the on-site wells were less than 3 mg/1 except

for Well 10-which>showed,a three-fb]d increase above 1984 levels. Surface w&ter
runbf% from a nearby waste storage area has been identified as a potenfia]
sourcé for the elevated ﬁitrate levels in Well 10(7X Concentrations of
nitrates in the monfh]y samples from offiéite wells for 1985 were_éimilar'to the
1984 qoncentrations.. The highest avérage nitrate concentratidn'in-off-site
wells for 1985 was 9.54 mg/1 in Well 5 which is 1ocated upgradient of the FMPC.

Common nitrate concentrations in water range from 0.1 to 0.3 mg/1 ih rainwater

to as much as 600 mg/1 in groundwater from areas influénced by excessive

applications of nitrate fertilizer or runoff from barnyards (8).

The quarterly on-site we]] samples were also analyzed for chlorides, sulfates,
and pH in 1985 (Tables 12 and 13). Values for pH remained rélétive]y unchahged
over the past two years. The 1985 chloride and éu]fate» results correlated
closely to those of 1984 with Well 10 exhibiting the highest average

concentrations for both of these parameters.

Samples were collected from 22 of the off-site wells in January, 1985 and’

analyzed for barium conteni in order to»determiné’any possible effects of the
barium chloride processihg/storége facilities at the FMPC on the local
groundwater. Results of this sampling is provided‘in Appendix III. A1l of the
measured valdes»wereAwithin backgroynd cOncehtratioﬁs for barium in U.S.
rdrinking wa£ers(9). Results of the barium analyses for the RCRA Round 1

sampling of 41 on-site and off-site we11$ are also provided in Appendix III.

The quarterly RCRA groundwafer sémp]ing program incorporates the analysis of 85
parameters (Appendix II)Which pertain to non-radiological compounds. These

parameters were selected to more accurately assess the general water qua]ity,
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drinking water éuitébi]ity,Aand thejpotential presence of metals, organics; or
bther pollutants in the groundwater underlying the FMPC and vicinity. The
. results shown in Abpgﬁdix III for the RCRA Round 1 sampling will be compared to
additidnal results of quarterly sampling rounds which are scheduled for

completion in 1986.

Soil

As part of the routine s¢i] monitoring program, samp]es'were collected from each

of thé 15 annual on-site and off-site locations (Figure 8). Other samples were

collected at 21 locations which correspond to grass samp]ing'sites (Figure 11)..

Each soil sample was made up of a composite of nine cores 2 cm in diameter and 5
cm deep, but exclusive of vegetation insofar as this was possible. The cores
~were taken from the top layer of the soil profile with one core being obtained

2

from each coordinate of a 4 m“ grid. Results f§r routinely monitored soils are

shown in Table 15, and graSs/soiT samples results are shown in Table 19.

Discussion of correlation between the activity of uranium in grass and soil

follows the section on vegetation.

Soils were analyzed for uranium concentkatidn only, since analyses for other
radionuélides in 1984 revealed small or undetectable coﬁcentrations of those
radionuclides. Sampies co]]ected at all but tho,]ocations showed uranium

concentrations 'fypfcal fof southwesterh Ohio soils. Uranium concénfrations up
to 7 pCi/g are typical in southwestern Ohio soils. Uranium concentrations in
soil sampled in 1985 were}iower than the averagenValues for 1984; however, a
strong correlation exisfed'between the two years for samp1e§ collected at the
same locations. The highest Oranigm concentrations in the soil were measured
near the eastern bbuﬁdary of the-FMPC are probab]y'artffacts of the former

operation of an incinerator adjacent to the sewage treatment plant.
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No standards have been established for radionuclide Tevels in soi]s»othér than

guidelines relative to burial of radioactive contaminants. The FMPC presently

uses-35 pCi/g (52 ppm) of uranium content in soil a$ a_keference point, this

being the level generally used in the DOE'S remedjai action programs for

acceptance of decontaminated areas. A11 but two samples showed soil uranium

concentrations that were below this guideline. Soil pathway énalysis to

‘determine site specific guidelines has been initiated for 1986.

’Sediments

Sediment samples were collected from six locations off-site along the Great

Miami River,_and>from_twenty locations along Paddy's Run and the Storm Sewer

Outfall Ditch (Figure 9). A1l sediments were analyzed for uranium, and selected |

‘samples were analyzed for 99Tc,

Uranium cdncentratidns in sediment samples co]]ected_aiong the Great Miami River
(Tab]euls) are within the range of backgfound comm§n1y found in the area. There
was no statistical difference between the'average concentration of samples from
upstream énd downstfeam"]ocafions for rfverbahk and‘midstfeam sediments, nor was
"there any statistical_differénce between concentrations in sediments collected
in;1984'aﬁd 1985. Rivefbank'éedimehts had slightly elevated uraniﬁm
Concéntrations up to 3.3 km from the'FMPC outfall. The highest 9_9Tc
concentration collected along the Great Miami River was found near thé'FMPC

effluent outfall.

" Uranium concentrations in sediment samples collected fromon-site 10cations

varied greatly from location to location and did hot'consisféntly decrease or

increase in upstream or downstream directions (Table 17). Uranium

concentrations in Paddy's Run sediments did not appear'to'fol'ldw concentration
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trends for uranium in surface water from Paddy's Run. The highest

uranium and 99T¢ concentrations were found at the Storm Sewer Outfall, and in

Paddy's Run near the confluence with the Storm Sewer Outfall Ditch. Variations
from location to location are apparent and'may be caused by flushing during
heavy storm events. | A

BIOLOGICAL MONITORING

Vegetation

During 1985, samples of grass and other available forage were collected; along

with parallel soil samples, from sites selected in 1984 (Figures 10 and 11).

The majority of Sampies were collected to the northwest of the site which is in

_ the direction of prevailing winds. Each vegetation sample was a cohposite qf a

number of subsamples in order to provide approximately 500g (wet weight) total.

Each subsample consisted of all above ground plant material (material was

clipped near gound level using battery powered grass sheafs) from a 0.5 m

" diameter circular quadrant (5 such subsamples = 1 m of ground cover). Soil

samples were collected in the same manner as they were for routine monitoring

purposes. After collection, the vegetation sampTes were air dried before -

analysis for uranium and floride. Soils were aha]yzed for uranium content only.

The,pveral1 average uranium concentration of 0.52 pCi/g, detected in Qegetation

in 1985 was statistically lower than the average uranium cohcentration found ie'
vegetation in 1984 (Table 18). There aepeared toAbe a weak relatidnship.between
the uranium eoncentration in the vegetation at each sampiing point and the
distance from the FMPC. Aistrong re1atidnship existed between uranium

concentrations in soil samples and uranium concentrations in grass samples

(Table 19). The overall average fluoride concentration of 5.5 ug/g detected in
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vegetation in 1985 was statistically lower than the average fluorfde
concentration found in vegetation in 1984 and fluoride measured at all ]deation

was onTy about 7% of the Keﬁtucky standard.OfIBO ppm. There was no relationship

‘between the observed fluoride concentration at each sampling eoint and the

~ distance from the FMPC.’

Garden Produce

Potatoes are the best 1oca]1y ava11ab1e source for measur1ng the poss1b1e
| 1ntroduct1on of uranium into humans from the ingestion of food. (14) Six
rep11cate samp]es of potatoes were collected from four farms and gardens in the
vicinity of the FMPC (Figure 12) Twelve replicates samples were collected from

locations in Indiana and were used as a comparison for background. BN

~ Peels from the potatoes sahp]ed from'loeation number 1 had statistically greater

uranium concentrations than potatoes obtained from Indiana (Table 20). The
overall average:urAnium concentration in peels collected in 1984 was

statistica]]y 1ower than for'pee1s collected in 1985, probably inf]ated_from‘_ -

‘the resu]ts from 1ocat1on number 1. Peels co]]ected from a]] the other
1ocat1ons and flesh from potatoes samp]ed at a]] 1ocat1ons showed uranium
concentrations to not be statistically d1fferent than theebackgr0und
concentrations. In addition, there was.no statistical eifference in the flesh

of all the potatoes sampled in the past two years.

Milk

Milk produced by cows grazing on FMPC and adjacent pasture land was moni tored

three times in 1985. A similar sample was collected concurrently from a remote

site 29-30 km southeast of the FMPC for comparison purposes. No detectable
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quantity of uranium was present in the samples from either of the two locations

during 1985 (Table 21).

Fish

Fish were collected from three stretches of the Great Miami River (Figure 13) in
September, 1985, with the aid of a fisheries research team and electroshocking

equipment from the University'of Cincinﬁati.f A total of 252 fish representing

25 species were taken: 52 from sampling location 1, 41 from location 2, and 159-

from location 3. The fish from each location were'placed in plastic bags,
packed in ice, and then scaled and prepared as for human consumption (heads and

entrailes removed, and filleted if total weight was above 800-900 grams). The

fiflets were then frozen, packed‘ih'dry ice, and shippéd to an indépendent

testing lab for analysis.

The University of Cincinnati determined that species diversity was highest at
the FMPC effluent outfall location. The length to weight ratios were similar at
each location. These suggest that populations throughout the river were

healthy.

The overall average uranium concentration in fish collected in 1985 was

statistically Tower than the overall average for fish collected in 1984.

Average uranium concentratiohs in fish were slightly Higher af'the FMPC Qutfall

to the Great Miami River and were the lowest upstream (Table 22); however, the

differences in uranium concentration between any of the locations or between

species were not significantly different,

ESTIMATION'OF RAbIATION EXPOSURE

The Federal guideline for prolonged radiation exposUre to the maximally exposed
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individual is 0.1 -rem but individual organs can receive up to 5 rem. For air

pathway exposures, National Emission Standards for Hazardous Air Po]iutants
- (NESHAP) sets standards at 0 025 rem for the 1nd1v1dua1, and 0.075 rem to any
organ. It shou]d be noted that the dose contribution of radon and its daughter

products 1is not included in the NESHAP.

Some generai concepts can be deueloped. The "whole bodygradiation exposure"
"~ from all radionuclide emissions at the FMPC is assumed to be from external
exposure only (as opposed,to ingestion and inhalation) and there would be no
significant contributions from radionuclides that deposit | throughout all
the body. The "radiation exposure'averagedioyer'the whole body" is'another
concept that represents a weighted average of exposure to specific organs. This
weighted auerage should actually represent the same risk of health etfects as a
whole body radiation exposure. Tnese.become the concepts on which to compute

exposure with the AIRDOS/DARTAB program.

" The AIRDOS-EPA and DARTAB computer programs were used by the Oak Ridge National
Laboratory_(ORNL) to estimate the radiation exposure an individua] receives due
to FMPC operations. These programsfwere used to compute the dispersion of

airborne radionuclides, and then calculate the maximum potential radiation

exposure to an individual and the total exposure to the human population within

80 km of the FMPC. The fo]]owing data were used for the computer calculations:

>0.051 Ci of airborne uranium emitted,

a particle 51ze of one micron,

- an average stack height of 16 15 m,

- meteorological data for 1985 from James Cox Airport in Dayton, Ohio;
- "EPA approved radiation dose conversion factors based on

recommendations by the International Commission on Radiation
Protection (10), _ :
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- Uranium part1c1e solubility of 60% W (moderate]y solub]e)
and 40% Y (chemically insoluble).

With this information, an estimate of how much radiation exposure an individual
receives due to airborne emission of uranium, and subsequent inhalation,

ingestion, and/or direct radiation exposures is_computed. The EPA computer

orogram also uses dose conversion factors that "Weights" the'organs of the human
body, based opon the sensitfvitiesfof the organs'to radiation. Instead of using

just lung tissue, the computer - program considers the pd]monary tissue

(consisting of lung tissue and pulmonary lymph tissue) as the most critical.

- organ.

© Maximum Exposure_to the Individual

Usihg the AIRDOS and DARTAB computer models for airbofne emissions, the estimate

of how much radiation dose the whole 1nd1v1dua1 rece1ves over a 50 year period

- to pu]monary tissue is estimated to be 0.0089 rem, and to the bone surface,

0.0003 rem. The we1ghted average,estjmate of how much radiation the individual
received over 50 years was_0.0019 reh, and the external who]eAbody dose received
over 50 years was 2 x 107 rem. This-is based on the ufanium concentration at
‘the point of maximum eXposufe‘to fhe nearest residenf (1128 meters north of the
FMPCL These calculated values are well within the 1985 guioe1ines. New
administrative controls and néw equipment to control stack emissions have helped

. insure full compliance with NESHAP during 1985.

External exposure from other radiation sources was measured at seven air.

monitoring stations on the FMPC boundary (Table 23). The’makimum annual

exposure was measured at BS6, which is the closest station to the waste

materials stored in the K-65 silos on the western side of the FMPC. The
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result1ng conservat1ve1y calculated annual dose to the nearest res1dent (if that
resident stayed at home 100 percent of the t1me) was 0.018 rem last year It
should be noted that the background dose from natura] sources measured at a

_ residence located 3.7 km southwest of the FMPC was (L078 rem per year.

The Great Miami R1ver is not designated as a pub]lc water supply source by Chio

EPA. Ca]cu]at1ons were made, however, to est1mate how much radiation dose. the

whole 1nd1v1dua1 receives over 50 years if a person drank water from the river -
at the FMPC effluent d1scharge. A dally intake of 1.2 liters (11) would result -

in a dose of O. 00004 rem to the bone surface and a weighted average dose

est1mate of 2 x 1076 rem. The maxjmum dose from drinking river water would be
less than 0.001 percent of - the guidelines  for radiation protection of the

public in the vicinity of the FMPC.

Twenty-ffve off-site;we1]s were sampled monthly to determine the average'

concentration of uranium in well water. Above background concentrations were

measured in well numbers 12, 15, and 17 (Table 11). For the highest

concentration, the potential radiatﬁon dose an individual could receive over 50
years due t0'ingestion'of water.from weI]-number 15 wastcalculated. The
potential dose due to drinking this water (Table 24) is then 0.022 rem for a
weighted auerage (77.9% less than the guideline) and 0.33 rem to the bone

surface:(93.4%'1ess than the guideline).

‘Locally grown produce and fish from the Great Miami Riverfwere analyzed for

uranium content. As previously discussed, there was no statistical difference.

between average uranium'concentrations in the fish collected upstream and those

collected downstream of the FMPC.. One locally collected potato sample had an

average uranium concentration in the peels that was statistically greater than

in potatoes obtained from Indiana and used as a background comuarison. This
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increased uranium content was not statistically significant in the flesh of

those potatoes. The weighted average estimate of how much radiation dose the

individual receives over 50 yeafs_was calculated (based on an annual consumption »

of 62 pounds of potatoes per year) to be 6.6 x 10-9 rem, which is considered to
be insignificant. Therefore, it is apparent that- the consumption of these
potatoes does not. contribute any signifiéant radiation dose due to FMPC

operations.

Maximum Potential Exposure to a Population Group

The community of Ross, Ohio (population 3000) 1s lbcated'4 km from the center of
~ the FMPC. Because of the prevailing wind direction, airborne contaminants
moving toward Ross wou]d also be measured at boundary éir monitoring station
BS3. _Theréfore, BS3 data was uséd fo'caicufate the maximum pofentia1 dose to a
population group. The object-wasbto calculate the hypothetical worst case with

emission levels measured in 1985. The methodology of the calculations is

described in_DOE/TIC-11468(12l The anhua]»averages for radionuclides at BS3

were used to calculate the average'emission rates‘from the FMPC, and

subsequently the average concentration of radionuclides at the center of Ross.

Based on these assumpt1ons, the average concentrat1on of uranium at Ross was

estimated to be 7.9 x 10‘7 pCi per liter of air.

Assuming an individual remained in Ross 100'percent of the time, the estimate of'

how much radiation dose the whole individual receives over 50 years was 0.0014

rem to the bone surface, 0. 0033 rem pullnonary and 0. 0005 reniweighted average

dose.
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80 km Population Exposure

The weighted average -estimate of how much radiation dose the human population

within 80 km of the FMPC (Table 25) receives over 50 years was calculated using

.AIRDOS/DARTAB. This dose due to 1985 airborne emissions is estimated - to be 55

personfrem,(Ta51é_24). The external whq]e body dose received over 50 years for
the pbpu]ation is 0.0017 person-rem due to 1985 airborne emissions. As a
comparison, therannua1 external whole body dose due to natural radiation for the
- same ﬁopuiation group was 275,000 person-rem, substantially higher than the FMPC

airborne emission exposure.

- SIGNIFICANT EVENTS

Several events relating to envirohmental issues at the FMPC occurred during
-1985 in Which the public Was notified. A cooperative'agreement was éigned
between U.S. Department of Energy (DOE) and the Ohio Department of Health (ODH)
whereby ODH will assist in.moﬁitoring the environment surroundfhg the FMPC. The
ODH monitoring will primarily consist of sampling and analyzing local water

supp]iés within a 2-1/2 mile radius of the FMPC. An aerié] radiation survey

over a 25 squére mf]e area surrounding the FMPC was also conducted in 1985 by -

EG&G, Inc., in order to determine thé'kinds and levels of radioactivity

present, including naturally ocdurring background radiation.

A hydrogeological étudy for the FMPC and vicinity was completed in 1985 by Dames
& Moore. _This_stﬁdy identified the sources of uranium detected ih three off-
site wells énd outlined appropriate remgdié] actions which are presently
UnderWay. A draft feport was prepared by Camargo Associates, Ltd., in late 1985

which-addresseq the structural integrity of the K-65 storage silos at the FMPC.
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Interim protective measures havé been implemented to provide structural

A Stability to the silos.. Also in 1985, the FMPC became aware of the fact that a |

Tocal 1ndustry, which uses groundwater previously jdentified as having elevated

. Tevels of uran1um, produces a sludge as a by- product from its water treatment

- system. This system was then samp]ed by FMPC in order to determine the impatt,"‘

if any, of using this water. Elevated levels of uranium were found in the -

sludge (100 to 500 parts per million, or ppm) from the filtering system used to

treat the water before process use. The filtered water uranium content was

within normal background 1eyels (0.001 ppm).
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TABLE 1 Particulates, Uranium, and Gross 8 Activity in Air

Sampling N;lmber Particulates (ug/m° (2) Uranium (pCi/1 X 10®) (2) Beta Activity (pCi/1 X 10 (2)
i f

Loca;mn Sa:lpleo Minimum[Maximum Average 853 (3)Minimum Maximum| Average(3) 852 @ Minimumlﬂa:ﬁmum Average(3) (9:53 3
BS1 53 17 56 31.0 1.09 0.013 3.117 (0296 (1.09) 1.31 0.81 4.14 1.89 (6.99) 1.11
BS2 53 13 o 587 815 1.10 0.058 2.629 [0.311 (1.15) 1.24 1.05 6.07 2.08 (7.69) L11 |
BS3 52 16 59 34.9 1.10 0.057 _ 2709 }[0.557 (2.06)| -1.25 0.95 6.14 2.64 (9.76) .. 1.13
BS4 53 .19 69 40.2 1.09 0.044_ 1.042 }10.213 (0.79) 1.22 . 0.96 5.46 1.79 (6.61) 1.10
BS5 53 18 82 36.9 1.0_9 .> 0.027 1.892 (0.221 (0.82) 1.28 0.90 11.94" 1.86 (6.87) 112
BS6 53 12 67 373 1.10 .0.035 1.264 |0.247 (0.91) 1.27 0.82 9.82 1.94 (7.16) 112
BS7 53 16 63 35.7 1.09 0.011 | 0.506 |0.111 (0.41) 1.22 0.79 9.91 1.66 (6.14) 1-.12
Footnotes:

. (1) See Figure 2.

(2) The following gmdehnes were used for comparison:

a. Uranium

b. Gross 8

¢. Particulates

20 x 107 pCi/l as stated in Guidelines more stnngent than levels set by 10 CFR Part 20, Appendix B.

1.0 X 10" pCi/l as stated in 10 CFR Part 20, Appendix B.

60 ug/m® (annual geometric mean) as stated in 10 CFR Part 50, Nanonal Ambient ‘Air Quality Standards.
(3) Bq/1 X 107 in parentheses."
(4) C. L. = Average Concentration X+ the value shown; Derived from Iog-transfdrmed data; = ¢ 00s. dn Sf .
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TABLE 2 Radionuclidés in Air

(1) See Figure 2.

Guideline Concentration of Radionuclides at Boundary Stations (1) in pCi/1 X 10™ +2¢ (2,3)
Radionuclide Pgi)/l - :
BS1 BS2 BS3 BS4 BS5 BS6 . BS?

Cs-137 2.0000 <21.8 <22.4 <26.1 - <224 <114 <243 155 <226

Np-237 -0.0040 <22 <11 <13 . <34 <3.4 ) <11 <11

Pu-238 0.0010 1.3+ 07 1.5+ 0.7 20+ 08 13+ 0.6 10+ 04 13+ 086 09+ 06

Pu-239 0.0010 86+ 19| - 87+ 17 125+ 20 49% 11 76+ 1.3 868+ 1.2 32+ 12

Pu-241 10000 428+ 09| 412% 09 606+ 16 253+ 05 326+ 05 314x o09[ 118: 05

Ra-226 0.0020 <76.2 <55.9 <52.2 - <56.1 <45.8 - 1104+ 44.1] 453 396

Ra-228 0.0010 <3.3 <11.2 39.1+ 39.1) <112 <11.4 <11.0 <113

Ru-108 0.2000 304.9 £32.7 | 2069.7 +295.7] 3304.4 341.8 2531.9 + 316.5] 2362.1 + 295.3| 2474.3 + 296.9| 2408.9 + 278.0

Sr-90 0.0300 28.3+£185| 2462+ 559 2610+ 652 2243+ 561 137+ 252 662+ 309] 170+ 238

Tc-99 ) 2.0000 ©707.7 £ 76.2 3942.3 +£591.3 6380.9 + 797.6] 3270.4 + 633.0| 4035.3 + 492.1| 118.8+ 29.7| 1575.1 + 370.6
~ Th-228 0.0002 142+ 22 106+ 36 261+ 52 23+ 56 321+ 57 177+ 44| 226 5.7

Th-230 0.0003 152.4 £ 21.8 772+ 269 261.0% 522 1346+ 336 1946+ 34.3] 1214+ 331| 826 226

Th-232 ~0.0010 9.7+ 18 87+ 2 144+ 2 123+ 34| 13.7% 23 132+ "33 113+ 34

" Footnotes: B

(2) Reported in units of pCi/l of air, uncertainties are counting uncertainties only at the 95% C.L. To obtain Bq/1, multiply the value by 3.7 X 10"
(3) A composite of 52 weekly samples for BS3, 53 samples for all other boundary stations.
(4) As stated in 10 CFR Part 20, Appendix B, Concentrations in Air and Water Above Natural Background.
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TABLE 3 *Radon in Ambient Air

. “Radon Activity in pCi/1 (2)
Location -
O Minimum Maximum .Average (3) 853 @
Onsite .
BS1 0.49 112 0.81 (0.03) | - 0.64
BS2 0.41 1.39 0.82 (0.03) | 1.03
BS3 0.33 0.50 0.28 (0.01) 0.76
BS4 0.43 0.72 ~ 0.56 (0.02) 0.30
BS5 0.52 0.96 0.80 (0.03) 0.49
BS6A 0.72 1.42 1.06 (0.04) 0m
BS6B 0.30 . 0.50 0.27 (0.01) 0.90
BS7 0.72 131 1.01 (0.04) - 0.60
Offsite (5) o ‘
081 0.49 0.75 0.59 (0.02) 028
082 0.30 0.50 0.37 (0.01) 0.23
Footnotes:

(1) See Figure 2.

(2) 10 CFR Part 20, Appendix B

above background.

(3) Bq/l in parentheses.

, established-a guideline level of 3 pCi/l -

(4) C.L.= Average Concentration +/- the value shown.

(5) Located at nearby residences and used for background comparisons.
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TABLE 4 Radionuclides Discharged at Samplihg Point W2

Radior;uclide g:rti:l; . g:rtizL Cor:;z;:g:ion G\’x,igSilne % of
) 1984 1985 ) 19§5 @ Guideline
- (2) pCi/l (3)
" Cesium 0.017 0.0097 (3.6 x 10" 15.68 (0.58) 20,000 0.08
#7 Neptunium 0.0002 <0.00017 (<6.3 X 10%) <0.27 (<0.010y 3,000 <0.009
. Plutopium 1000003 | 75X 10 (28X 10% 'o.oosz (0.00031) 5,000 0.0002
9.2 Plytonium 0.00005 | 1.5X10° (5.6X 10 023 (0.00085) 5,000 0.0005
# Radium <0.017 <0.0038 (<1.4 X 10 <8.11 (<0.36) 30 <270
 Radium <0.014 <0.0036 (<1.éxxo’ . <1286 (<d.4s_) - 30 | <429
™ Ruthenium 0.0005 | <0.00044 (SLEX107Y <138 (<0.058) 10000 | <0.002 -
* Strontium o.mi 0.0052 (1.9 X 10%) 8.39 (0.31) © 300 2.8
® Technetium 18.96 83 @Ix10Y | 1337838 (495.00) 300,000 45
®2 Thorium 0.0005 <0011 (<4.1X 10" <17.75 (<0.66) 2,000 <0.89
B¢ Uranium 0.34 0.15 (55 109 243.30 (9.00) 4,000 (5) 6.1
% Uranium 0.018 00074 @TX109 | - 1192 (0.44) 40005 030
" B Uranium 0.021 0.0049 (1.8 X 10% 7.89 (o.2§> 5,000 (5) 0.16
% Uranium ©.0.39 0.20 (7.4 X 10% 32671 (12.09) 600(5) 545
Uranium (6) 0.68 0.41 (15X 109 660.84 (24.45) 1.200(5)] 55.1

Footnotes:

(1) Radionuclide concentrations in the plant effluent dlscharged to the Great Miami River through a buried
pipeline, (with the exception of the three radium 1sot.opes. thorium, ruthenium, and uranium) are determined
from two 6-month composites. An additional 2.6 X 10" Curies of uranium was contained i in storm sewer
overflow dlscharged into Paddy's Run above sampling point W7.

(2) Bqin parentheses
(3) Bq/lin parenthesee

(4) As stated in 10 CFR Part 20, Appendix B, Concentrations in Air and Water Above Natural Background.

(5) Guidelines used by FMPC for uranium 1sotopes and total uranium are more stnngent than levels set by
10 CFR Part 20, Appendix B. :

(6) From twelve mon_thly averages assumiﬁg total uranium as natural uranium (**U = 0.71% by weight).
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» TABLE 5 Radionuclides in Surface Water

Sampling Nuz}ber Congg%n&l)‘ ’ Guideline
Radionuclide Point Samples — - 9% @) | Fof pCi/l
1) @ Minimum | Maximum Average CL Guideline (5)
w1 52 0.81 721 2.24 (0.08) 0.27 - 18
T W3 © 52 1.04 | 4.96 2.58 (0.10) 022 T .86
. w4 - 52 1.35° '5.95 2.77 (0.10) 0.26 9.2
Gross a w6 50 0.45 © 1261 2.77 (0.10) 0.49 5.1
o) w7 " 30 - 0 42838 | 3271 (1.21)] 3528 109.0 30
ws 18 4.05 10.81 7.96 (0.29) 0.93 26.5
w9 13 2.03 41.89 |, 9.44 (0.35) 8.41 - 3L5
W10 8 122 12.61 5.75 (0.21) 327 19.2
wil 8 4.51 1.1 | 6.87 (0.25) 173 229
wi . 52 T 081 . 9.82 491 (0.18) 047 " 16.4
w3 52 4.05 17.12 7.49 (0.28) 0.85 25.0
w4 52 3.60 © 1877 717 (0.27 0.82 239
- Gross 8 w5 50 0.90 45.05 5.85 (0.22) 222 195
) w7 30 437 14009 | 1671 (062) | 10.14 55.7 30
ws 18 5.41 19.82 1261 (0.47) 2.23 420
w9 13 2.61 17.12 ¢'53 (0.35) 2.17 31.8
w10 8 2.25 1351 | 7.61 (0.28) 3.56 25.4
w1l 8 5.38 130.63 - | 23.81 (0.88) 30.18 79.4
. w1 © 2 <2.70 < 541 | <4.05 (0.15) 17.22 <0.01
W"Cesium | W3 2 <2.70 <541 | <405 (0.15)| - 17.22 <0.01 20,000-
W4 2 <243 < 270 | <2.70 (0.10) 1.72 <0.01
w1 12 <0.45 0.45 | <0.45 (0.017) NA (0 <15
w3 12 <045 | 0.45 | <0.45 (0.017) NA <15
#Radium w4 12 <0.45 0.45 | <0.45 (0.017) NA <15 30
w5 -8 <0.45 0.45 | <0.45.(0.017) NA <15 .
- W7 11 <0.45 0.45 | <0.45 (0.017) NA <15
w1 12 <0.45 0.45 | <0.45 (0.017) NA <15
. w3 12 <0.45 045 | <0.45 (0.017) NA <15 )
Radium w4 12 <045 | 045 | <0.45 (0.017) NA <15 30
| ws 8 <045 - 045 |<045 (0017 NA <15 ’
w7 11 <0.45 045 | <045 (0.017]  NA <1.5
w1 2 0.27 ‘<135 | <0.81 (0.03) 6.86 <0.27
*Strontium w3 2 081" <162 | <135 (0.05) 515 0.45 300
W4 2 0.8] - 1.89 1.35 (0.05) 6.88 <0.45
w1 2 1.08 1.35 1.08 (0.04) 1.72 <0.01
®Technetium w3 2 2.70 3.24 2.97 (0.11) ‘3.44 <0.01 300,000
w4 2 4.32 4.86 4.59 (0.17) 3.44 .. <0.01
w1 2 3.40 4.04 3.72 (0.14) 2.84 0.09
#Uranium w3 2 3 4.58 4.14 (0.15) 3.88 0.10 4,000 (8)
‘W4 2 3.86 4.00 3.93 (0.15) 0.63 0.10
wl1 2 0.15 _ 0.17. 0.16 (0.006 012 . 0.004 ]
#Uranium w3 2 -0.18 0.20 0.18 (0.002) 0.18 0.005 . 4,000 (8)
W4 2 017" 0.17 0.17 (0.006 0.024° 0.004 )
w1 2 0.04 0.05 0.04 (0.001)]  0.037 0.001
. ®Uranium w3 2 0.06 0.07 006 (0.007] 0096 | 0.001 5,000 (8)
w4 2 0.04 0.06 0.05 (0.002) 0.092 0.001
wi 2 3.41 4.02 3.72 (0.14) 2.70 S 062
¥Uranium w3 2 3.66 4.65 416 (0.15) |  4.43 0.69 - 600 (8)
- W4 2 3.91 4.00 3.96 (0.15) 0.39 0.66
w1 52 0.95 8.81 157 (0.06) |,  0.29 0.1
w3 52 0.95 2.57 1.61 (0.06) .0.09 0.1
w4 52 0.88 15.57- 1.89 (0.07 0.55 0.2
' w5 50 0.47 11.51 1.60 (0.06) 0.57 0.1
Uranium W7 31 1.21 580.87 43.37 (1.60) 45.77 _ 36 1,200 (8)
: w8 18 3.39 10.83 7.18 (0.27) 111 0.6
w9 13 1.35 176.02 23.33 (0.86) 29.81 ~ 19
w10 8 135 1827.90 23551 (8.71) | 434.53 196
w1l 8 4.06 16.25 9.82 (0.36) 3.08 . 08

Footnotes:
(1) See Figure 5.

(2) Samples are composited for radium analyses as follows: one-month composites of daily sam plea from W1 nnd W3; oneemonth
composites of weekly samples from W4, two-month composites of weekly samples from W5, and one-month composites of all
available weekly samples from W7, Semi- annual composltee were used for those isotopes where two samplea are noted.

(3) Bq/lin parentheses.

(4) C.L. = Average +/- the value shown; =t gos, an S g

(5) As stated in 10 CFR Part 20, Appendix B, Concentrations in Air and Water Above Natural Background

(6) Gross a and Gross 8 activity values contain activity of uranium and radium in the samples, thus are highly conaervanve
(7) NA = Not Applicable.

8 2u1dehnes used by FMPC for uramum xeotopes and total uranium are more stringent than levels set by 10 CFR Part 20,
ppendix B. .
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TABLE 6 NPDES Data for 1985 -

Number . . .. | NPDES Permit Limita
Parameter Units ot - Milx):ti‘:!lxim MBx'innll}:xm ﬁ::::lc . Daily Monthly Col:tif:x:ce
) Samplea Maximum | Average |~ phe
Discharge 001
(MH175) -
Flow rate MGD Continuous |  0.106 '1.131 0.451 NA NA NA
pH pH Units Daily Grab 74 "9l NA Range = 6.5 t0 10.0 100
Suspended Solids . mg/L* ‘ 52 <2 26 ‘5 60 20 100
Ammonia (as N) kg/day 52 <1 3 <1 43 28 100
Oil & Grease (mg/L) mg/L 52 <5 19 <5 15 NA 98
Residual Chlorine mg/L 25* <0.02_ 0.06 0.03 0.10 - NA . 100
Nitrate (as N) kg/day 52 40 1275 370 3180 1590 100
Discharge 002
(Storm Sewer Outfall) : .
Flow rate MG/Event | Continuous 0.007 0.844 0.179 NA NA NA
. pH pH Units Grab/Event 75 8.3 NA Range = 6.5 t0 9.0 100
Suspended Solids mg/L* 68 <2 175 15 100 30 %
Oil & Grease mg/L 68 <5 <5 <5 15 NA 100
Sampling Location 001A
(Sewage Treament Plant)
Flow rate MGD Continuous |  0.035 0.253 0.124 NA NA NA
pH pH Units Daily Grab 7.2 7.9 NA Range =6.5t09.0 100
BODs mg/L* (kg/day)| 52 10.6) | 27(203) | 9(4.4) . | 40(10.0) | 20(5.0) 94
Suspended Solids mg/L* (kg/day) 52 1(0.4) 27(14.8) 5(2.5) 40( 10.0) 20(5.0) 96
“Fecal Coliform MPN/100ml* 27" 0 1000 76° 2000 1000 100
Sampling ‘
Locations 001B & C _
(Combined General
Sump & Clearwell) '
Flow rate MGD Continuous | 0.000 0.992 0.196 NA NA NA
Suspended Solids kg/day 52 0.9 112.4 6.9 12.8 6.2 90
Chromium (+6) kg/day 52 0.001 0.051 0.005 0.008 0.004 79
Chromium (total) kg/day 52 0.002. 0.058 0.012 0.102 0.050 100
Iron kg/day 52 0.01 1.16 0.21 0.85 0.41 -92
Nickel kg/day 52 0.006 0.119 0.033 0.256 0.124 100
Copper kg/day 52 0.005 0.088 0.017 0.051 0.025 96
Location b.D
. (Lift Station) - i
Flow rate MGD Continuous | 0.079 0.694 0.248 ‘NA NA NA
Sﬁspended Solids - mg/L 52 <2 35 <5 100 30 100
Oil & Grease mg/L 52 <5 5° <5 15 "NA 100
Footnotes:
'NA = Not applicable.
* = Flow-weighted averages.
. Monitoring not required during winter months.
® Geometric mean. '
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TABLE 7 Ion and pH Levels in Surface Water

) (1) See Figure 5.

(2) C. L. = Average Concentration +/— value ahown = toos.dn S__

(5) NA = Not Applicable.

-
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(3) Ohio EPA Water Quality Standards, Administrative Code Chapter 3745-1 (Public Water Supply Use Desxgnanon)
(4) pH is reported in standard units. i

Saxﬁpling * Number Con;z;t/r&hon Guideline
Parameter Fost | gaet — ) 95% % of @)
. ples | Minimum | Maximum Average C.L (2 | Guideline
w1 '52 02 0.9 0.49 0.05 27
w3 52 - 0.2 0.9 0.50 0.05 28
W4 52 02 1.0 0.50 0.05 28
w5 13 0.2 05 - - 025 0.05 14 _
Fluoride w7 12 0.1 1.2 0.35 0.17 19 1.8 mg/1 -
' w8 12 0.1 0.2 015 0.03 8 ‘
w9 3 0.1 0.2 0.17 0.12 9
w10 2 0.2 03 0.25 0.64 14
w1l 0.2 0.5 0.35 0.91 19
w1 52 21 6.3 3.57 0.26 3%
w3 52 2.1 6.6 364 0.26 36
w4 52 1.8 6.8 362 0.31 36
ws 12 0.7 29 1.68 0.40 17
Nitrate (as N) | W7 12 0.1 71 2.01 1.07 20 10 mg/1
w8 11 0.1 4.4 0.82 0.81 8
w9 3 0.1 .25 T 147 25.0 15
: _ W10 2 0.2 19 1.03 10.83 10
- B} : Wil 2 2.1 2.6 2.35 319 24 -
‘ w1 52 20.0 114.0 '60.1 6.71 24
‘w3 52 20.0 1120 " 600 - 662 24
- W4 52 21.0 114.0 60.6 '6.87 24
‘ . w5 12 5.0 111.0 342 16.52 14
Chloride w7 13 7.0 35.0 21.2 4.41 8 250 mg/1
ws 1 19.0 1110 " 462 15.98 18
w9 3 13.0 40.0 24.0 28.76 10
w10 2 100 19.0 145 51.35 6
- W11 10.0 19.0 145 57.35 6
W1 52 76 8.9
‘w3 52 76 9.0
W4 52 17 9.0
w5 50 75 8.3
E’:: w7 31 76 85 NA (5) NA (5) NAG) | . 65-90
ws 18 75 8.1
w9 13 16 85
w10 8 7.6 8.6
w11 8 76 8.7
_ Footnotes:



TABLE 8 Uranium in On-Site Well Water

Sampling Number Con(c;ggil)uon

Point of — ) : 95% (3) | %of (4)
1) - Samples Minimum | Maximum Average (2 CL .| Standard

P1 3 0.07 041 0.25 (0.01) 0.35 0.02

‘P2 4 0.07 © 0.68 0.30 (0.01) 0.49 0.03
P3 4 007 0.20 0.15 (0.01) 012 0.01
TS 4 5.82 8.12 6.89 (0.25) 177 0.57
T1D 4 007 027 0.19 (0.01) 0.18 0.02
T3 4 1.56 203 | 178 (017 0.40 0.15
‘T4 4 413 6.16 5.52 (0.20) 1.77 0.46
T5 4 1.83 3.05 249 (0.09)| 104 0.21
T8S 4 0.47 068 0.59 (0.02) 0.16 0.05
TSD 4 0.20 0.27 0.24 (0.01) 0.07 0.02
T9 4 0.74 102 0.90 (0.03) 022" 007
T10 4 12.80 16.18 1388 (0.51)| 292 116
TI1 4 0.07 0.27 © 0.15 (0.01) 0.16 0.01

Footnotes:

(1) See Figure 6.

(2) Bq/lin pafentheses.

. (3) C. L. = Average Concentration +/- the value shown; = ¢ «©0s. dn S; . . ‘
(4) Guidelines used by FMPC for uranium are more stringent than levels set by 10 CFR Part 20, Appendix

B. Concentrations in Air and Water Above Nagural Background.
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TABLE 9 Gross a Activity in On-Site Well Water

) Sﬁmpling | Number Congg%‘ﬁ?
Point of — : 9%5% @) | %of G)
1 Samples | Minimum | Maximum Average(3 CL Standard
P1 3 <1.35 3.60 <2.70 (0.10) 242 <9.0
P2 4 045 4.05 1.57 (0.06) 235 5.2
P3 4 0.45 2.43 0.97 (0.04) 1.35 32
TIS 4 5.09 9.01 7.55 (0.28) 258 25.2
T1D 4 <0.45 113 | <075 (0.03) 0.49 <25.
T3 4 2.66 451 3.27 (0.12) 119 10.9
T4 4 360 4.96 4.39 (0.16) 0.78 14.6
T5 4 0.77 451 3.22 (0.12) 2.32 10.7
TsS' 4 1.35 2.34 1.94 (007 0.63 6.5
TSD 4 0.45 1.35 0.80 (0.03) 0.54 2.7
T 4 122 2.25 184 (007)| 062 6.1
T10 4 1081 20.72 15.77 (0.58) 5.60 52.6
T 4 0.14 1.49 '1.08 (0.04) 087 38
Footnotes:

(1) See Figure 6.

(2) Includes activity due to Ux;anium (see Table 8), thus results are conservative.

(3) Bq/lin parentheses.
(4) C. L. = Average Concentration +/- the value shown; =t woes. dn S_

(5) As stated in 10 CFR Part 20, Appendix B, Concentrations m Air and Water Above Natural

Background
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TABLE 10 Gross 8 Activity in On-Site Well Water

Sampling Number Conggggng;

Point . © - : 95% (4) | %of (5)
(1) Samples | Minimum | Maximum | Average(3) CL . Standard
P1 .3 3.60 . 451 | 398 (0.15) 0.95 -13.3
P2 4 0.95 2.21 1.58 (0.06) 1.02 5.3
P3 4 1090 261 1.71 (0.06) 1.39 5.7
T18 4 7.75 1126 9.33 (0.35) 271 311

* T1D 4 090 1.58 1.33 (0.05) 0.56 44
T3 4 " 4.05 6.53 5.16 (0.19) 1.99 17.2
T4 4 5.41 10.23 7.22 (0.27) 4.06 24.1
T5 4 0.63 586 | 4.16 (0.15) 4.44 139
T8S 4 2.57 3.56 3.11 (0.12) 0.76 10.4
.T8D 4 126 1.80° 1.48 (0.05) 0.44 4.9
T9 4 360 - 500 | 421(0.16) | 108 140
T10 4 30.18 33.79 31.83 (1.18) 2.90 106.1
T11 4 <0.90 261 | <1.89 (007 | 138 6.3

Footnotes: -

(1) See Figure 6.

(2) Includes activity due to Uranium (see Table 8), thus results are conservative.

(3) Bq/l in parentheses.

(4) C. L. = Average Concentration +/- the value shown; =t os. en S_.

(5) As stated in 10 CFR Part 20, Appendix B, Concentrations in Air and Water Above Natural

Background.
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TABLE 11 Uranium in Off-Site Well Water

Salx,npling Numfber Con;'z&t;‘i)non
?{;“ : San:ples | Minimum | Maximum Average (2) 35;: @ s‘:ﬁ‘m)
1 1 0.04 081 0.30(0.01) 0.15 0.02
) NS &) NS NS NS NS NS
3 1 0.03 041 0.23(0.01) 0.10 0.02

_ 4 1 081 1.56 1.08(0.04) 0.14 0.09
5 i 0.68 156 1.31(0.05) 0.15 011
6 1 0.95 1.69 1.37(0.05) 014 . 011
7 11 0.74 115 0.95(0.04) 0.08 0.08
8 un 0.47 061 053(002) 003 004
9 1 - 0.68 278 0.99(0.04) 0.38 0.08
10 1 0.34 047 0.38(0.01) 0.03 0.03
1 11 0.61 122 081(0.03) 0.13 007
12 11 11441 ‘16451 140.00(5.18) 10.34 1167
13 11 0.34 061 044002 | - 0.06 0.04
14 11 0.68 088 0.73(0.03) 004 0.06
15 11 151.65 234.72 | 204.27(7.56) 21.88 17.02
16 11 0.27 192 0.67(0.02) 0.30 0.06
17 1 21.80 37.24 31.15(1.15) 3.10 260
18 11 0.03 047 0.29(001) 0.09 0.02
19 11 0.03 047 0.20(0.01) 0.1 0.02
20 1 0.03 0.34 0.16(0.01) 007 - 0.01
21 - 11 0.20 041 0.29(001)° 004 0.02
22 - 10 0.54 152 0.76 (0.03) 0.18 0.06
23 1 047. 068 055(.02) 0.05 0.05
24 9 0.20 . 041 0.32(0.01) 0.04 003
25 4 (6) 027 0.28 0.27(0.01) 001 0.02
26 9 014 041 0.24(0.01) 007 0.02

Footnotes:

(1) See Figure 7.

(2) Average Bq/ lin parentheses.

(3) C. L. = Average Concentration +/- value shown; = ¢ (os. ¢n S_

B, Concentrationa in Air and Water Above Natural Background.
(5) NS = Not Sampled at homeowner’s request. ’

(6) Quarterly determination at homeowner’s request..
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TABLE 12 Nitrate N ifrogen and Sulfate in On-Site Well Water

e | N B i . g/t
(1) - Samples Minimum | Maximum | Average 853 (?) Stﬁxggg) Minimum | Maximum | Average 35? @ Staq:xgig)

P1 3 <0.5 1.3 <0.53 1.65 <5.3 96 107 1010 | 1383 40.4

P2 4 <0.10 0.20 <0.13 <0.08 T <13 . 8 10 88 1.52 3.5
P3 4 <0.10 <0.10 <010 | NA@®| <10 0 54 448 10.01 179
T1S 4 <0.10 1030 <0.15 0.16 <15 S 84 783 |- 641 313
T1D T4 <0.10 0.10 . <0.10 NA <10 10 37 24.5 17.74 9.8
T3 4 <0.10 0.10 <0.10 NA <1.0 89 96 93.3 4.93 373
T4 4 0.9 2.40 1.7 1.00 170 55 7 63.3 10.90 25.3
TS 4 <0.10 0.20 <0.13 0.08 <13 79 92 84.5 9.76 33.8
T8S 4 - <0.10 <0.10 <0.10 ~ NA <1.0 70 78 75.3 572 30.1

) 4 "l <0.10 <0.20 <0.13 0.08 <1.3 8 14 100 . 4.50 - 4.0
T9 4 1.10 3.40 - 213 1.65 21.3 7 80 76.5 6.43 30.6
T10 -4 156.0 285.0 229.5 94.2 ' 2295.0 693 - 187 724.0 68.07 289.6
T11 4 <0.10 0.40 0.18 0.24 <2.4 80 90 84.5 0.70 33.8

Footnotes:

(1) See Figure 6. .
(2) C. L. = Average +/— the value shown; = ¢ 08 an S_ )
(3) 10 mg/1 per 40CFR Part 141, National Interim anary Dnnkmg Water Regulations. R
(4) 250 mg/1 per 40CFR Part 143, National Secondary Drinking Water Regulationa.
Standards apply only to drinking water, and thus only to well P3. Used for reference purposes only on others.

(5) NA = Not Applicable.
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TABLE 13 pH and Chloride in On-Site Well Water .

Sampling | Number -pH C(}:'::r/tge

PRt | ot — : — : 95% (3) | % of (4)
amples Mlmmum Maximum | Minimum |Maximum | Average 1 cL b tandard

Pl 3 kR 76 38 40 390 | 248 156
P2 4 7.2 76 . 18 - 20 19.3 152 1.7
P3 4 72. 84. Y 13 123 152 49
T1S 4 7.2 74 17 20 -183 | 200 7.3
TID 4 72 | 74 21 23 22.3 1.52 8.9
T3 4. 7.3 75 19 24 21.8 353 | 87
T4 4 7.3 74 17 28 21.8 7.28 8.7
T5 4 7.3 74 17 25 21.0- '5.20 8.4 .
T8S 4 73 74 20 20 20.0 NA (5) 80
TSD 4 7.3 75 11 12 115 367 | 48
T9 4 7.3 75 21 23 220 130 8.8
T10 4 6.8 71 21 9% 65.3 50.42 26.1
Tl 4 73 74 20 68 320, 38.18 12.8

Footnotes:

(1) See FxgureG

(2) C.L. = +2a.

(3) C. L. = Average +/~ the value shown, =t 00s. an S
(4) 250 mg/1 per 40CFR Part 143, National Secondary Dnnkmg Water Regulanona
(5) NA = Not Apphc;able : -
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TABLE 14 Nitrate Nitrogen in Off Site Well Water

Sampling Number Con(c;;t/rstxon .
Location | Gt e | i —— %% (2 | _ %of (3)
amples Minimum | Maximum Average CL Standard
1 11 <010 <0.10 <0.10 NA (@) <1.0
2 NS (5) NS | N8 NS NS NS
3 1 <010 <0.10 <0.10 NA <10
4 11 030 | 190 093 0.29 9.4
5 11 130 |- 1400 954 2.92 95.4
6 i1 1.10 5.60 2.85 1.03 28.6
7 1 . <0.10 <0.10 <0.10 NA <1.0
8 1 1.60 . 360 259 0.43. 25.9
9 11 1.10 3.30 205 0.43 20.5
10 1| <010 | <010 <010 | . NA - <10
11 n 200 450 3.25 0.48 326
12 10 1.80 4.20 2.77 0.62 217
13 no 1.20 460 T o244 0.68 24.4.
14 1 1.30 4.70 298 0.70 298 -
15 11 160 4.70 2.73 066 213
16 11 <0.10 035 <017 - 0.05 <17
17 1 <010 0.50 <0.17 0.08 <17
18 n | <ol <0.10 <0.10 NA <10
19 11 <0.10 <0.10 <0.10 NA <10 -
20 11 <0.10 0.70 <0.35 0.15 . <35
21 1 <0.10 0.20 . <011 0.02 <11
22 10 <010 | . 150 <0.79 0.38 <19
23 11 <0.10 <0.10 <0.10 NA <10
24 9 . 2.00 6.50 361 115 36.1
25 4(6) 3.00 6.50 455 17 455
26 7 <010 | <0.10 <0.10 NA <1.0
Footn()tes:
(1) See Figure 7.
(2) C. L. = Average Concentration +/— value shown; =t ¢, an Si .

(3) 10 mg/1 per Ohio EPA Rule 3745-81-11, Maximum Contaminant Levels for Inorganic Chemicals.

(4) NA = Not Applicable. ) R ’
(5) NS = Not Sampled at homeowner’s request.
(6) Sampled quarterly at homeowner’s request.
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TABLE 15 Comparison of Uranium in Routine
Soil Samples for 1984 and 1985

. Sampling -

Concentration (2) -

Point (p Ci/g dry wt.) e
n 1984 3| 1985 2 @ | gt @
1 6.35(0.24) || 4.35(0.16) 1.74 124
2 8.98(0.33 || 1.95(0.07 0.82 56
3® | se22201) || 3588(1.33) | 145 1025
4 7.450.28) || "305(0.11) 1.26 8.7
5. 9.09(034) || 288011 1.20 85 -
6 446017 || 1.25(0.05) 055 36
7. | 341019 | 0420002 o021 1.2 ]
8 2.48(0.09) || 0.43(0.02) 0.30 1.2
9 284(015) 171(0.06) 0.28 49 -
10 | 281D || 042002 021 1.2
1 1654061 || 14150052 073 404
12 2.12008) || 0.67(0.02) 0.21 19
13 381(0.14) || 0.44(0.02) 6.04 13
14 219008 || 061002 | o021 17
15 7.73(0.29) || - 0.35(0.01) 017 1.0
Footnotes: B

(1) See Figure 8.

(2) Bq/g in Parentheses.

(3) See 1984 Environmental Monitoring Report.

(4)' Applies to analytical uncénainty for 1985 value.

(6) This location is on site near an out of service incinerator.
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A TABLE 16 Uranium and Technetiutﬁ in Great Miami R_iver Sediments

Sampling Distapx::;(km) Uranium Cox_acgntrition - Technetium Concentration
Location FMPC *
- Efflueat pCgDryWe.d| Ths | PC/DyWe| P o
Upstream - o
1 59 0.9 (0.03) 0.3
1(4) 59 1.5 (0.08) 02 .
2 24 0.8 (0.03) 0.1 0.0 (0.0) © .03
2(4) 2.4 1.1 (0.04) 03 '
Downstream - :
3. 0.015 2.4 (0.09) 03 49 (3.3) . 0.8
5 33 2.6 (0.10) 03 1.4 (0.9) 0.6
54 33 " 0.6 (003 0.1
6 4.5 0.9 (0.03) 0.1 00 (00 03
7 47 0.7 (0.03) 0.2 ' ‘
Footnotes: o
(1) See Figure 9. )
_(2) Bq/g in parentheses.
(3) CL. = +2.
(4) Midstream sample..
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TABLE 17 Uranium and Technetiu_m in On-Site Sediments

Sampling Uranium Concentration Technetium Concentration
Location - :
m PCUEDYWe.®) oThg | PC/aDyWe| P
8 1.8 (0.070) 0.1
9 11 (0.04) 0.1
10 10.2 (0.38) 0.1 2.3 (1.6) 0.3
1 6.1 (0.23) 0.3 o
12 21.7 (0.80) 14 25 (1D 0.3
13 9.0 (0.33) 0.5 :
14 . 21.0 (0.78) 1.4
15 42 (0.18) 0.2
16 335 (1.24) 25 .69 (4.7 0.4
17 46.2 (1.71) 22 5.1 (3.5) 04
18 1.3 (0.05) 0.1 o
19 6.0 (0.22) 0.3
20 3.7 (0.14) 0.2
21 11.6 (0.43) 05 _
22 2.2 (0.08) 0.1 05 (0.3) 0.3
.23 4.0 (0.15) 0.2 0.0 (0.0) 0.3
24 1.9 (0.07) - 0.1
25 1.0 (0.04) 0.1
26 0.5 (0.02) ol 0.0 (0.0) 0.3
27 0.6 (0.02) 0.1
Footnotes: {

3
(1) See Figure 9. Locations8 and 9are approximately 2.5 and 3.5 km south of FMPC.

(2) Bq/g in parentheses.

(3) C.L. = £20.
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TABLE 18 Uranium an_d Fluoride in Grass and Other Forage (1)

Salx,npling Dist;‘x:oc:‘(km) Uranium Concentration T Fluoride Concentration
oint
@ o | scvepywew| BB | ppm Shotnrd (6)
1 10.5 0.09 (0.003) NA(D [ - 30 _ 38
2 87 . 0.10 (0.004) |  0.10 5. T 64
3 6.2 0.12 (0.005) . NA 140 175
4 4.1 025 (0.009) | +0.05 58 73
-5 53 0.15 (0.008) NA 33 . 41
8 23 054 (0020) | ~+008 | 60 75
7 14 140 (0.082) | 001 65 8.1
8 0.7 0.88 (0.033) T +0.01 . 58 7.0
9 09 1.57 (0.058) +0.53 84 10.5
10 0.8 2.34 (0.086) - +0.38 115 14.4
1 19 0.65 (0.024) +0.07 11.1 - 139
12 1.9 0.31 (0.012) 1£0.44 4.1 51
13 1.0 1.63 (0.060) +0.64 69 8.6
14 07 150 (0.085) |~ +0.32 57 1
15 1.3 0.37 (0.014) - £0.53 59 74
16 15 | 0310012 | +034 35 Y
17 16 | 0260100 +0.02 0 5.0
18 12 " 0.67 (0.025) +0.10 T 62 78
19 1.0 . 0.02 (0.001) 0007 <4 - <3.0
20 0.9 0.18 (0:007) +0.03 - 82 . 78
21 27 0.40 (0015 | +0.04 - 68 85
22 70 0.05 (0.002) +0.01 a7 59
23 8.0. 0.03 (0.001) £0.01 <24 <30
24 8.1 0.08 (0.003) 001 [ <24 | <30
25 85 0.04 (0.002) 001 |. 59 . 74
26 08 - 0.38 (0.014) +0.02 <24 "<3.0
27 10 0.20 (0.008) 1001 <24 | <30
28 4.0 0.26 (0.010) | +0.14 65 . 8.1
29 (8) 62.8 0.25 (0.010) +0.81 25 20
'Footnotes:

(1) The plant material analyud was primarily brome grass(Bromus upp), but some samples contained
species from the following genera: Alluun, Daucus, Hordeum, Medicago, Melilotus, Poa, Secale, and
Triticum.

(2) See Figure 10.

(3) For the purpose of this table, the center of the productxon area (thure 2) was used for distance
measurements. :

(4) Bq/gin parenthesgs.

(5) C.L. = +20.

(6) No Ohlo standard established; Kentucky standard of 80 ppm was used.
(7 Not Apphcable X

(8) Control samples collected from a fam in Indiana.
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TABLE 19. Comparison of Uranium Concentrations in Gx;asé and Soils
' at Parallel Sampling Locations

s;:':"’l-in‘ ) Di“;,’:::‘(km) Grass Soil
tion .
M FMPC /gDy W Thy | sCveDywe@| R
1 05 0.02 (0.0008) 0.007 1.25 (0.05) 0.55
2 8.7 0.10 (0.004) 0.10 1.22 (005) 0.14
-3 6.2 0.12 (0.005) NA (5) 1.90 (0.07) 0.4
4 41 0.25 (0.009) 0.05 1.96 (0.07)° 0.14
5 53 0.15 (0.006) NA 1.29 (0.05) 0.14
6 23 0.54 (0.020) 0,08 5.69 (0.21) - 027
7 14 1.40 (0.052) 0.01 14.22 (0.53) 0.68
8 0.7 0.88 (0.033) 0.01 18.96 (0.70) 0.68
9 0.9 1.57 (0.058) 0.53 16.93 (0.63) 0.68
10 0.8 2.34 (0.088) 0.38 64.32 (2.38) 3.39
1w 1.9 0.65 (0.024) 0.07 © 2.84 (0.11) 0.14
12 19 031 (0.012) | - 044 1.08 (0.04) 014
13 1.0 1.63 (0.060) . 0.64 31.14 (1.15) 1.35
14 0.7 1.50 (0.055) 0.32 "17.60 (0.65) 1.35
15 1.0 0.37 (0.014) 053 5.75 (0.21) 0.27
16 1.5 0.31 (0.012) ' 10.34 3.25 (0.12) 0.14
17 1.6 026 (0.010) 0.02 4.27 (0.16) 0.20
18 1.2 0.67.(0.025) 0.10 5.08 (0.19) 0.27
19 0.9 0.18 (0.007) 0.03 3.11 (0.12) 1014
20 2.7 0.40 (0.015) 0.04 2.23 (0.08) 0.14
21 4.0 0.26 (0.010) 0.14 2,57 (0.10) 014
Footnotes:

(1) See Figure 11.°

(2) For the purpose of this table, the center of the production area (Figure 2) was used for distance

~ measurements.

3) Eq/g in parentheses.
(4) C.L.=120.

(5) NA =.Not Applicable.
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TABLE 20 Uranium Céncentration in Gérdén Produce: Potatoes

. Concentration in Peels Concentration in Flesh
Samglmg Number (pCi/g dry wt.) (pCi/g dry wt.)
Point - of . 95% (3) ; 95% (3)
(8Y) Samples || Minimum |Maximum Average (2) CL Minimum |Maximum Average (2) C.L
1 6 0.90 1.22 1.02(0.038) 1.0 0.0019 0.0066 0.0030(0.00011) 11
2 6 0.22 0.65 0.29(0.011) 11 . 00033 0.013 0.0063 (0.00023) 11
3 6 0.32 0.75 * 0.43(0.016) 10 | 00055 0.011 0.0089(0.00033) 10 .
.4 ‘ 6 0.19 0.37 0.25(0.0093) 10 | 0.0033 0.011 0.0062(0.00023) 11
Control (4) 12 0.14 0.34 0.26(0.0096) 1.0 0.00048 0.011 0.0054 (0.00020) 13

Footnotes:
(1) See Figure 12.

(2) Bq/g in parentheses.-
(3) C. L. = Average Concentration X+ value shown. Derived from log-transformed data; = ¢ (.5 a5 Si .

{4) Control samples were collected from two remote sites in Indiana.

"TABLE 21 Uranium In Milk

Sampling ‘| Number Average Concentration (2)
Location of Standard
(1) Samples pCi/Nl (3) :
1 3 <068 (0.025)| (4
2 3 <0.68 (0.025) 4)
" Footnotes:.

‘(1) Samplmg locations: l = dairy farm ad;acent to the FMPC.

2 =dairy farm in Kentucky approximately

29 km southeast of the FMPC.

(2) All analyses for both sites yielded the same results; i.e.,, <1 ug/ 1L

(3) Bq/1in parentheses.
(4) No standards have been estabhshed
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TABLE 22 Uranium Concentration in Fish

- R Concentration
Sa;:yh:w Family | Number : (Ci/g) (3)
omnt -
1) @ Samples Minimum | Maximum Average(4) 352 (5)_
1 9 0.067 0.286  0.095 (0.0035)|  0.749
1 2 2 0.106 | 0153  [0.107(0.0046)| = 6121
3 4 0089 | 0128 10.100 (0.0037)|  1.246
4 2 0.213 0.280  [0.244 (0.0090)| 0.712
Total 17 0.067 0280 0109 (0.0040)] 0.523
1 6 0.064 0.286  |0.156 (0.0066)| 1.125
2 8 0088 | - 0153 |0.118 (0.0044)| 0871
3 1 0.083 . 0.083  0.083 (0.0031)| ND(8)
2 4 2 0.234 0.344 | 0284 0105)] 7.370
5 6 0141 0.254  [0.187 (0.0069)]  0.900
Total 21 0.064 0.344  |0.156 (0.0058)| 0477
1 1 0.057 0.057 |0.057 (0.0021)| ND(8)
3 2 2 0.073 0081  0.077 (0.0028)] 6.412
3 4 | 0039 "~ 0118 {0.066 (0.0024) 1678
4 9 0.060 0.173 - |0.104 (0.0038)| -~ 0.712
Total - 18 0.039 0173  |0.088 (0.0032)| 0535
Footnotes:

(1) See Figure 13. ’ ' ' - ’ ) . ~

»(2) Family: 1 = Cyprinidae (carp)

2 = Catastomidae (carpsucker, redhorse)

3 = Centrarchidae, Sciaenidae (bass, sunfish, dmm)
4 = Clupeidae (gizzard ahad)

5 = Ictaluridae (catfish)

(3) All concentrations in pr(U)/g ash; wet weight: ash weight ratio =31:1.

(4) Bq/g in parentheses. . -

(5) C.L.=Average Concentration X+ the value shown. Derived from log-traqsfohned data; = 2t 0.0e. a0 Si' .
(6) ND = Not Determined. :

TABLE 23 External Radiation Eprsute

Sampling Exposure Rate in uR/hr (also = Gy/hr X 109
. Location -
(1) Minimum Maximum Average (2) .
BS1 8.24 12.33 10.78
BS2 9.16 - 12.88 1151
BS3 9.10 12.52 1106
BS4 © 938 12.19 11.10
BS5 . 8.92 1273 11.10
BS6 14.50 19.10 16.95
BS7 10.30 13.77 12.44
Off Site 1A 10.08 12.71 “11.75
Oft Site 1B T 964 . 1243 1138
Off Site 2A 9.90 1276 | 1150
Off Site 2B 9.561 12.00 11.08
Footnotes:
(1) See Figure 2..
(2) Continuous monitoring with environmental TLD's processed quarterly.
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TABLE 24 Summary of Radiation Exposure Due to 1985 Emissions
Dose Equivalent
50-Year Commitment Guideline % of
Exposures Organ mrem SV ) Guideline
I. Maximum Individual Dose : o .
A. All pathways from Effective 1.9 (18.7) 100 19
all Airborne Releases (2) Bone Surface 0.3 (9.5) 75 0.4
Pulmonary - 8.9 (88.7) 75 11.9
thle Body (3)| <0.0002 (<0.002) 25 <0.0008
B. Ingestion (4) )
Great Miami River Water Effective 0.002 (0.02) 100 0.002
Bone Surface 0.04 (0.4) 5000 0.0008
Off-Site Well 15 (5) '| Effective 22.1 (221) 100 22.1
Bone Surface 328.1 (3281) 5000 6.6
C. Direct External Exposure Whole Body (6) | 17.5 (175) 100 17.5
I1. Individual in Ross, Ohio Effective 0.5 (5) 100 0.5
Inhalation Pathway (4) Bone Surface 14. (14) 75 1.9
Pulmonary 3.3 (33) 15 4.4
III. 80 km Population Total (2) Effective 55 - (526) 26x10° 2.1x107
’ Whole Body 0.005 " (0.05) 6.44 X 107 7.8x%10°

Footnotes:

only.

1) Guidelines: Radiation Standards for Protection of the Public in the Vicinity of DOE Facilities, published

November 14, 1985, adopts the standards of 40 CFR 61, Subpart H (NESHAP) for Air Pathway
Exposures (25 mrem whole body, 75 mrem to any organ), and adopts the recommendations of
ICRP 286 for prolonged periods of exposure for all pathways. (100 mrem effective dose, 100 mrem:
~ whole body dose, 5 rem to any organ).

2) "Dosecalculations provided by ORNL using AIRDOS/DARTAB. 80 km population dose is expressed as person-rem.

(3) Whole body dose equivalent provided by ORNL. It results from radionuclides not deposited throughout the body,
therefore the whole body dose eqmvalent from all radionuclides released at FMPC results from external exposure

@ Dose equivalent calculation based on environmental measurements according to ICRP 26/30 Methodology

ICRP 26/30 based 50-year commitment dose conversion factors from Dunning (1986)"2.

(5) Off-site Well 16 contained the highest concentration of uranium measured in offsite wells in 1985. Dose

calculations show maximum hypothetical dose from off-site well water ingestion.

(6) Calculated from measured exposure at the nearest residence west of the K-65 storoge silos.
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TABLE 25 . Population Distribution Within 80 km (50 mi) of the FMPC

) Estimated Population (1)

Compass }
Sector ) 0-8km 8-16km .16-32km 32-80km

(0-5mi) - (5- 10 mi) " (10-20 mi) (20 - 50 mi)
N BE 445 3,395 6743 129,597
NNE 221 | 18959 12,805 148,079
NE : 489 ., 32,001 . 36,705 567,783
ENE - 2489 25,760 " 20,830 55,078
E _ ' 512 40,770 | 70,762 | 85,240
ESE ‘ N3 54533 150,630 107,365
SE 1606 36,467 247,846 118,490
SSE 1 985 28,932 207,202 51,946
s 669 19,214 © 53673 39,116
SSW ' 390 4,217 . 10614 | 21,987
sw 185 2,957 13,066 16,574
wsw - 440 4961 - - 3,930 19,199
w 519 1,765 3,292 31,629
WNW 157 1,361 .. 5211 21,605.
NW ©BIl - 1433 . 1802 37,945
'NNW 519 1,134 21,042 71,493
Totals 10850 277,859 875153 1,413,126

Total in all sectors: 2,576,988

Footnote:

(1) Based on “Report of Fxndmgs, Population Studies for DOE Feed Matenala Production Center,
Near Fernald, Ohio, for NLO, Inc ", May 18, 1981. ’
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_ APPENDIX 11 '
PARAMETERS TO BE ANALYZED FOR RCRA -GROUNDWATER SAMPLING
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A. For General Water Qua]ity

" B. Fo
C.' Fo

=

W N -

, .

W N

U1 W N

QWO NOYOD

“Chloride

Iron

Manganese
Phenols (tota])
Sodium

Sulfate

Indicators of Contaminétion (Quadrdp]icate Analysis)

pH
Specific Conductance -
Total Organic Carbon (TOC)

Total Organic Halogen (TOX)

Drinking Water Suitabi]ity

Arsenic

Barium -

Cadmium

Chromium - Hexavalent
- Total

Fluoride

Lead '

Mercury

Nitrate (as N)

Selenium

Silver

Gross alpha

Gross beta
Radium
Endrin
Lindane
Methoxychlor
Toxaphene

2, 4-D

2, 4, 5-TP Silvex

. Coliform Bacteria

D. Other Meta1s;>0rganics, and Site Specifit Parameters

—

CWONIALH WN -

Nickel
Cyanide

Copper
Zinc
Magnesium

-Calcium
Phosphorus
Chlorobenzene
Ch]orod1bromomethane
Chloroethane
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. . 2-chloroethylvinyl Ether

Chloroform

Dichlorobromomethane -

Dichlorodifluoromethane
Total Dissolved Solids (TDS)
Total Potassium

Chemical Oxygen Demand: (COD)
per Chloroethylene

cis 1, 2 Dichloroethylene

’Tributylphosphate.



21, Acrolein : ' 36, 1,2 Dichloropropane

) _ - 22. Acrylonitrile : 37. 1,2 Dichloropropylene
. ~ - 23. Benzene ' 38. Ethylbenzene -
24. bis(chloromethyl) Ether =~ - 39. Methylbromide
E 25. ‘Bromoform ~ 40. Methylchloride _
: 26. Bromod1chloromethane 41. trans-1,2 Dichloroethylene
27. Bromomethane .- 42. 1,3 Dichloropropene
28. Carbontetrachloride - 43. 1,1,2,2 Tetrachloroethane
29. Chloromethane o 44. Tetrachloroethylene
30. 1.2 Dichlorobenzene : 45. Toulene :
31. 1,3 Dichlorobenzene . 46. 1,1,1 Tr1chloroethane
- 32. 1,4 Dichlorobenzene - - 47. 1,1,2 Trichloroethane
33. 1,1 Dichloroethane 48. Trichloroethylene
34. 1,2 Dichloroethane ’ 49. Trichlorofluoromethane
1,1 Dichloroethylene - A 50. Vinyl Chloride

E. Radfonuclides

Potassium 40 : 9. Cesuium 137

1.

2. Total Uranium 10. Strontium 90
3. Radium 226 ' '11. Ruthenium 106
4. Radium 228 _ ~ 12, Neptunium 237
5. Technetium 99 ' . 13. Plutonium 238
6. Thorium 228 ~14. Plutonium 239
7. Thorium 230 - : 15. Plutonium 240
8. Thorium 232 ‘ o '

. . F. Schedule - Quarter]y for one (1) years, semiannual thereafter (or as

necessary accord1ng to regu]at1ons)
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APPENDIX III
RESULTS OF RCRA GROUNDWATER SAMPLING
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NOTES

ND

N
(1)
(2)
(3)

(a)
(5)
(6)

S

(8)

(9)

(10)
(11)
(12)

Not detected |
Not Analyied due to laboratory error
Average of four tests o

pH results in standard units
Conductivity results in umhos/cm
Concentrations reported in ppb_
Results in pCi/1

Taken from 40 CFR Part 141 National Inter1m Primary Dr1nk1ng’,‘

Water Regulat1ons_-Subpart B - Maximum Contamlnant Levels, July
1,-1984. | |

Taken from 40 CFR Part 143 National Secondary Dr1nk1ng Water -

Regu1at1qns -Section 143.3 - Secondary Maximum Contaminant
Levels. . o A
High counts did not yxeld any 1nd1v1dua1 elements us1ng a- 4096

channel analyzer. These 1evels.are due to solids only in the

amples - )
Taken from DOE Order 5480.1A: Limit for Release to Restricted
and. Unrestr1cted Areas. “
Standard is for Radium -226 Plus Radium -228.
Reported in per 100 ml.
Taken from World Health_Organizatfon, European Standards, 1970.
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Not DNetected

Not Analyzed (See page 3-4 for explanatwon)
Average of four tests . S
pH results in standard units

fonductivity results in umhos<cm
Concentrations reported in ppb

Results in pCi/l

Taken from 40 CFR Part 141 National Interim Primary Dr1nk1ngA

" Water Regulations - Support R - Max1mum Contaminant Levels,

(8)

July 1, 1984,

Taken from 40 CFR Part 143 National Secondary Drinking Water
Regulations - Sect1on 143.3 - Secondary Max1mum Contam1nant
Levels.

High counts did not yield any 1nd1v1dual elements using a

4096 channel analyzer. These levels are due to solids only

“in the samples.

@)

(10)
(11).
(12)

‘Taken from DOE Order 5480.1A: Limit for Release to Re- .
‘stricted and Unrestricted Areas S

Standard is for Radium -226 Plus Radium - -228.

Reported in per 100 ml

Maximum Permissible Activity taken from World Health
Nrganization, 1970 European Standards. Mational Primary
Drinking Water Regulation for gross beta is 4 mR/year.
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‘NOTES

ND Not Detected.

; NA Not Analyzed.

‘(1)_ Average of four tests.

(2) pH,results~in standard units.

(3) Conddctivity results in umhos/cm.
(4) | Concenthafiohs‘reportéd in ppb.
'(5) . Results in colony/100 ml.

(6) Taken from 40 CFR'Part 141 National Interim Primary Drinking Water
Regulations - Subpart B - Maximum Contaminant Levels, July 1, 1984.

(7) Taken from 40 CFR Part 143 National Secondary Drinking Water Regu]at1ons
’ = Section 143. 3 - - Secondary Maximum Contamlnant Levels.

(8) Taken from Groundwater, Freeze and Cherry.

(9)  Results in pC1/1 o o

(10) ~ Rad scan represents analysis of 15 radionuclides as listed in_Appendi* II
(11) Pre?iohé]y sampled. Results shown in other Tab]es.Of Appendix III.

(Genera])

'Rad1olog1ca1 ana]yses were conducted ut111z1ng a Canberra 2404F 1ow- 1eve1
alpha/beta/gamma counter with multiple counting port and sample exchanger.

- System connected to IBM computer utilizing software from Canberra and NBS = ~

libraries for sample identification when utilizing the 4096 channel analyzer.
Standards utilized for quantitation and standardization of instrument were all

traceable to NBS.. Amerscham nuclides are utilized to determine window and
.plateaus for maximum counting efficiencies. These nuclides are also traceable
to NBS. - ‘ :

Counts for>a1pha which are less than the Drinking Water Standards are listed as

<15 pCi/].t Counts for beta are 1isted as <5.0 pCi/1, yet should actually be -
listed in mrem/year. Since there is no method of determ1n1ng body exposure of

the water to an individual, the value of <4 mrem/year is not suitable. The EPA
recognized value of 50 pCi/1 ANNUAL AVERAGE should be utilized, or a value of
<50 pCi/1 per year for reporting purposes to EPA. o _
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APPENDIX III

OFF-SITE RESULTS FOR BARIUM CONTENT - JANUARY, 1985

Location(l)

OO H W N

(1) see Figure 7 in text.

(2) Barium concentrations of U.S. drinking waters r

0.
NS

OOO0OO0OODODODOOOOOOOOOODOOOOO0O0

==
wwm

=
(¥, 1)

t3}

472

.056
.059
.048

.141
.047
.063
.121
.001
.049
.039 -
.198
.076
.048
.023
.058
.013
.113
.085
.054

049

1 0.900 mg/1 with a geometric mean of 0.049 mg/1.

- 3) Not sampled.

.
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Appendix IV

DEFINITIONS, UNITS, PREFIXES, ABBREVIATIONS,
| AND ACRONYNS o
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Definitions

Activity - The number of spontaneous nuclear transformations, in a given
quantity of material per unit time. Varies with each type of radioactive
decay and with each rad10nuc11de '

'AIRDOS/DARTAB - A computerized methodology for estimating env1ronmenta1
concentration and dose to man from airborne releases of radionuclides.

Confidence limit (CL) - A confidence limit is a statement that the population
parameter (usually the mean)-has a value lying between two specified limits.
It has the feature that, in repeated sampling, a known proportion (for
instance, 95%) of the intervals computed by this method will include the

: popu]at1on parameter The 95% confidence limit for a sample can be estimated
by the following: Sg where "t" is the tabular "t“ statistic, and
Sy is the standard d Via 1on f the mean.

Critical organ - A particular organ or tissue that is likely to be of greatest
importance when more than one organ is exposed because of the dose it
received, its sensitivity to radiation, or the importance to health of any .
damage that results. _

Dose - Quantity of radiation absorbed by the body.

Geometric mean and standard deviation - When the variance of a population is
related to the mean, a logarithmic transformation of the original data will

sometimes help to stabilize the variance. A mean that is calculated on the

logarithmic data and then transformed back (using the ant1logar1thm) to the

original units is the geometric (or der1ved) mean.

To est1mate the standard deviation about the geometric mean, the standard
deviation of the logarithms is transformed back to the original data and the
geometric mean is then mu1t1p11ed and divided by the ant1log of the standard
deviation.

Weighting factor - The ratio of the stochastic risk arising from exposure'of a
tissue to the total risk when the whole body is irradiated uniformly. '

W Solubi]ityICIass - That class of materials deposited in the lung that has a
clearance half-time on the order of weeks. This material is considered to be
moderately soluble. ‘

Y Solubility Class - That class of materials deposited in\the'lung that has a

clearance half-time on the order of years. This material is considered to be
chemically inso]ub]e. ' '
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Radiation units

Unit

Definition

Curie (Ci) and BecquereT_(Bq)

Roentgen (R) and coulombs per

o kilogram (C/kg)

Rad and Gray (Gy)

Roentgen equ1va1ent man (rem)
~and Sievert (Sv)

- dose.

Units of radioactivity which are a

measure of those spontaneous,
energy-emitting, atomic trans-
formations that involve changes in
the state of the nuclei of radio-
active atoms.

1 Ci =3.7 E+10 Bq

}Units'of exposure to radioactivity.

1R =2.58 E-4 C/kg
Uhits of absorbed dose in any
medium. 1 rad = 1 E-2 Gy

Units of dose equivalent which
account for the relative biological
effectiveness of a given absorbed
1 rem=1E-2 Sv

" Unit prefixes

Factor Prefix Symbol
10%2 peta P
10 tera : T
102 giga . G
10 mega M
103 kilo K
102 hecto h
101 deka da
10-1 deci d
10-2 centi c
10-3 milli m .
10-6 micro u
10-9 nano n
10‘1§ pico p
10-15 femto f
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Ag
Al
As

Ba
Be
Br

Cd
Ce
C1
Cc1-
CN™
Co.
Cr
Cs
- Cu
F-
Fe
2

Hf

Kr
La
Li
Mg
Mn
Mo

Elements and Compounds

silver Na sodium
aluminum Nb niobium
arsenic “NH3 ammonia
boron Np neptunium :
barium NH3(N) ammonia nitrogen
beryllium NO3(N) nitrate nitrogen
bromine NO3~ “nitrate -
calcium Ni nickel
cadmium P phosphorus
cerium Pb_. lead
chlorine  PO3- phosphate
chloride Pu plutonium
cyanide - Ra radium
cobalt - Rn radon
chromium Ru ruthenium
cesium Sb antimony
copper Sc scandium
fluoride Se selenium
iron Si silicon
gallium S0%- sulfate
tritium Sr strontium
hafnium - Tc technetium
mercury Th thorium
iodine Ti titanium
potassium u uranium
krypton ) vanadium
lanthanum Xe xenon
lithium Y . yttrium
magnesium Zn zinc
manganese Ir zirconium
mo1ybdenum
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ALARA
BODs
BTU
CFR
DOE
EML
EPA
ICRP
NESHAP
NLO
NPDES
0AC
ODH
RCRA
108
TOC
TOX
TSS
WMCO

» Acronym-s'

as low as reasonably achievable

" five day biochemical oxygen demand

" British thermal units

Code of Federal Regulations

Department of Energy _

EnVironmental Measurements Laborétory

Environmental Protection Agency'

International Commission on Radiological Pfotécfion

National Emission Standards for Hazardous Air

‘Pollutants

‘National Lead Company of Ohio

National Po]]utanf Discharge’Elimination‘System

Ohio Administrative Code

- Ohio Departmént of Health

Resource Concervation and Recovery Act
Total Dissolved Solids

Total Organic Carbon

Tota]‘organic Halogen

Total Suspendid Solids

Westinghouse Materials Company of Ohio
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