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Fractions and Multiples of Units • . .... . -::: ·~ 

Multiple Decimal Equivalent Prefix Symbol 

., . 1()6 1,000,000 mega M 
. . ~ ~ 

103 1,000 kilo · k 

102 100 hecto h 

10 10 deka da 

.. 10·1 . 0.1 deci d 
.. 10·2 0.01 centi e 

10·3 0.001 milli m 

IQ-6 0.000001 micro Jl 
10-9 0.000000001 ·• nano n 
10-12 0.000000000001 pieo p 
JQ-IS 0.000000000000001 femto f 

10-18 0.0000000000000001 atto a 

•• 
Conversion Table 

Multiply by to Obtain Multiply by to Obtain 

in 2.54 em em 0.394 in 
ft 0.305 m m 3.28 ft 
mi 1.61 km km 0.621 mi 
lb 0.4536 kg kg 2.205 lb 
liq qt (U.S.) 0.946 L L 1.057 liq qt 
ft2 0.093 m2 m2 10.764 ft2 
ft3 0.028 ml m3 35.31 ft3 

. -
L lx10·3 m3 m3 1000 L 

Ci 3.7x1010 Bq Bq 2.7xlQ-11 Ci 

rad 0.01 Gy Gy 100 rad 
mrem 0.01 mSv mSv 100 mrem •• 
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Eitvironmentlll Motutoring at Mourul 

EXECUTIVE SUMMARY 

Mound is a government-owned facility operated by EG&G Mound Applied Technologies for the U.S. 

Department of ~ergy (D9.E) .. This integrated production, development, and research site perfonns 

':York in support of DOE's weapon and energy related programs, with emphasis on explosive, nuclear, 

and energy technology. The purpose of this report is to inform the public about the impact of Mound's 

operations on the population and the environment This report sUilU113rizes data from the Environmental 

Monitoring Program, through which Mound maintains continuous surveillance of radiological and· 

nonradiological substances released from the facility. 

The Mound facility, named after the Miamisburg Indian Mound adjacent to the site, comp~s 120 

buildings on 124 hectares (306 acres) of land in Miamisburg, Ohio, approximately 16 km (10 mi) 

.southwest of Dayton (Figure 1-1 ). The Great Miami River, which flows through the city ofMiamisburg, 

dominates the five-county region surrounding Mound (Figure 1-2). The river valley is highly industri

alized. The rest of the region is predominantly farm land dotted with light industry and small 

communities. The climate is moderate. The geologic record preserved in the rocks underlying Mound 

indicates that the area has been relatively stable since the beginning of the Paleozoic era more than 500-~ . 

million years ago. No buildings at the Mound Plant are located in a floodp~ or in areas considered 

wetlands. 

PERSPECTIVE ON RADIATION 

Radionuclides, radioactive species of atoms, 

emit ionizing radiation. Ionizing radiation is 

radiation that has enough energy to remove elec

trons from the substances through which it passes. 

Most consequences to humans from radio nuclides 

released to the environment are caused by the 

interactions of ionizing radiations with human 

tissue. The units (rem, Sv) used to measure human 

dose relate the quantity of radiation absorbed to 

the biological effects on the exposed individual. 

Every day our bodies absorb ionizing radia

tion. Most of this radiation comes from natural 

sources. The average dose to a resident of the 

United States from natural sources is about 300 

mrem (3.0 mSv) each year. Consumer products 

and medical procedures that use radiation are 

other common sources of exposure. These sources 

contribute 12 mrem (0.12 mSv) and 53 mrem 

(0.53 mSv), respectively, to the average dose. 

IMPACT OF MOUND'S RADIONUCLIDE 

RELEASES 

Table E-1 lists the quantities of radionuclides · 

releaSed by Mound into the air and water during 

1991. The unit used to report these quantities is 

the curie (Ci), a unit of radioactivity equal to 3.7 

x 1010 disintegrations per second. The quantities, 

or activities, shown in Table ~-1 were measured 

at the point the effluents were released. However, 

beiore any of these radionuclides reach man, they 

may travel through a number of different environ

mental pathways and/or undergo certain changes. 

For example, plutonium released into a waterway 

may be diluted by. the volume of water in the 

stream yet be accumulated in the tissues of fish. 

ES-1 
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Table E-1. Radiological Eftluent Data for 1991 

Radionuclide 

Tritium 

Plutonium-238 

Plutonium-239,240 

Half-Life 
(yems) ' 

.... ~t-

'12.3 

87.7 . 

. 24,100 

Medium 

. Air . 

·Water 

Air 
Water 

Air 
Water 

:_.! 

Activity 

1232 Ci • 
· 3.2 Ci ' 

1.5 X w-s Ci 
4.5 X 104 Ci 

5.5 x w.aci 
9.7x 1~Ci 

- . 
Uranium-233,234 233U:159,200; 234U:245,000 .. Air 

·Water -
2.8 X 10-1 Ci 

-·. 

Uranium-238 4.47 X 1()1' . · Air 

; !T(· -~-
3.4x lO~Ci 

-. ~. 

- ' 2.3 X 10 .. Ci 

• Tritium in air consists of: TritiUm oxide = 869 Ci ·- ~ 

Elemental tritium = 363 Ci 

The fish may then become food for man. There

fore, to calculate the actual impact of plutonium 

effluents, concentrations of plutonium in differ

ent environmental media- air, water, vegeta

tion, and foodstuffs- must be measured. From 

these measurements the radiation dose received 

by an individual in the vicinity of Mound can be 

estimated. 

Dose Limits 

Dose limits, or more precisely dose equivalent 

limits, for members of the public are presented in 

Table E-2. These limits are expressed in tenns of 

a committed effective dose equivalent (CEDE) 

and an effective dose equivalent (EDE) for the 

DOE and EPA, respectively. The presentation of 

dose limits.in this fashion, CEDE and EDE, is a. 

mechanism for comparing relative risks from 

different types of ionizing radiation absorbed from 

various exposure pathways. Values shown in 

Table E-2 represent the annual limits. on dose 

equivalents established by the DOE and EPA ... 

Dose-Equivalents from Mound Operations 

In calculating the maximum dose received by 

a member of the public from Mound's operations, 

a committed effective dose equivalent is used. 

The CEDE is the dose received by a hypothetical 

ES-2 
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-· ,. , . ~ 
Table E-2. Radiation Dose Limits for Protection of the Public · 

from All Routine DOE Operations ·· 

Pathway 
Regulatory 
Standard. 

Effective 
Dose Equivalent • 

mrem mSv 

All- occasional exposure 
All- prolonged exposure (> 5-yr period) 
Air 
Drinking water 

DOE Order 5400.5 
DOE Order 5400.5 
40 CFR 61 (EPA) 

40 CFR 141 (EPA) 

500 
100 

10 
4 

5 
1 
0.1 
0.04 

•Evaluated based on annual exposure conditions. 

individual who remained at_ the site boundary 24 

hours per day thrOughout 199i. This individual 

was assumed to have: 

• continually breathed air containing the maxi

mum radionuclide concentrations found at an 

onsite air sampling station, 

• drawn all of his drinking water from the offsite 

well with the maximum radionuclide concentra

tions, and 

• consumed a portion of the offsite foods exhib

iting the maximum radionuclide concentrations. 

The dose contributions from all of these path

ways are added to obtain an estimate of the maxi

mum total CEDE. Table E-3 shows the results for 

Mound that have been calculated based on sam

pling data gathered by the EnVironmental Moni

toring Program. The· results are· reported-for-

tritium and plutonium-238 exclusively. The other 

radionuclides released by Mound were present in 

concentrations that were below environmental 

levels or were too small to affect the overall doses 

reported in Table E-3. 

Table E-3. Maximum Committed Etl'ective Dose Equivalents 
to a Hypothetical Individual 

Percent of 
Radionuclide Pathway mrem mSv DOE Dose Standard 

Plutonium-238 Air 0.11 0.0011 0.11 
Water 0.001 0.000011 0.001 

Vegetation/Foodstuffs 0.06 0.0006 0.06 

Total 0.17 0.0017 0.17 

Tritium Air 0.03 0.0003 0.03 
Water 0.06 0.0006 0.06 

Vegetation/Foodstuffs 0.02 0.0002 0.02 
., 

Total 0.11 0.0011 0.11 

Plutonlum-238 and Tritium Total 0.28 0.0028 0.28 
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A comparison of Table E-3-with Table E-2 · 

shows that the maximum CEDE to an individual 

from tritium aild plutonium-238 was 0.28 mre"m · 

(0.0028 mSv). This CEDE represents 0.28% of 

codeCAP-88. CAP-88 calculates average doses 

to individuals in areas around a release point, then 

·multiplies each average dose by the number of 

individuals in the corresponding area (For ex-

the DOE standard (100 mrem; 1 mSv) for prO-' .'_ample, an average dose of O.Q01 rem x 10,000 

longed exposure. . people in the area yields a dose of 10 person-rem.) 

Additionally, Figure E-1 shows that the maxi- Mound's dose contribution of 3.6 person-rem 

mum dose from Mound's effluents represents can be compared to the almost 1 million person-

only a small fraction; 0.1 %, of the CEDE an rem a population of 3 million people receive each 

average individuals absorbs from natural, medi

cal, and consumer sources. 

The population (approximately 3,035,000 per

sons) within a radius of 80 kilometers (50 miles) 

received an estimated 3.6 person-rem (0.036 per

son-Sv) from Mound's operations in 1991. This 

value was determined using the EPA computer · 

year from natural sources. 

Because the doses presented in this report are 
calculated rather than measured, they rep~sent 

estimared rather than actUal doses. However, 

elements of conservatism are included in each 

stage of the dose calculation p~ss. 

Expanded View of 
Mound's Contribution 

0.28 mrem 

Figure E-1. Sources of annual radiation dose to an average individual 
versus Mound's maximum contribution 
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5-Year Trends in Radio nuclide Rel~es 

It is Mound policy and philosophy that all 

releases of effluents from the Plant are ALARA. 
that is, As Low As Reasonably Achievable. To 

monitor Plant performance relative to ALARA · 

goals, ALARA Investigation Levels (AILs) are 

established each year for principal radionuclides. 

AILs are intentionally set well below applicable 

regulatory standards to trigger internal investiga

tions when exceeded. In that sense, AILs act as 

indicators of potential problems requiring addi

tional attention. 

f'igure E-2 through E-9 illustrate 5-year trends 

in releases of tritium, plutonium, and uranium to 

the air and to the Great Miami River. Mound's 

Curies 

Erwironmentlll Monitoring at Mound 

1991 AILs have also been included on the trend 

charts where appropriate. 

Tritium. Figure E-2 shows releases of tritium 

to the atmosphere. The 1989 peak can be attrib

uted to an accidental release. In 1989, however, 

the a~erage concentration of tritium measured at 

offsite locations was 0.009% of the DOE Derived 

Concentration Guide (DCG) for tritium in air. 

The 1991 value, 1232 Ci, represents a 5-year low 

in release rates. Figure E-3 shows tritium releases 

to the Great Miami River. The 3.2 Ci in 1991 also 

represents the 5-year low. In 1991, tritium re

leases to the atmosphere and the Great· Miami 

River did not approach the All..s. 

lifiiJt991 ALARA Investigation Level = 7000 Curies 

· Figure E-2. Tritium rel~es from Mound to the atmosphere 
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Curies 

bll!)~!))J 1991 ALARA Investigation Level= 20 Curies 

Figure E-3. Tritium releases from Mound to the Great Miami River , -

Plutonium-238. Figures E-4 and E-5 show 

plutonium-238 releases to the attnosphere and 

Great Miami River, respectively. Both types of 

releases decreased in 1991 relative to 1990 and the 

AILs were not exceeded. 

Plutonium-239,240. Figures E-6 and E-7 il

lustrate 5-yeartrends in plutonium-239 and pluto

nium-240 release rates. Releases of these pluto

nium isotopes continue to be in the JJ.Ci and sub

JJ.Ci range. 

Uranium. Figures E-8 and E-9 depict 5-year 

trends in uranium-233,234 and uranium-238 re

lease rates. Attnospheric releases of uranium are 

also on the sub-JJ.Ci scale. Releases of uranium-

233, 234 to the Great Miami River, conversely, 

are comparable to the plutoniuin-238 release lev

els to the River. As seen in Figure E-9, the release 

rates have remained stable over the the 5-year 

period, and the 1991 AIL has not been exceeded. 

ENVIRONMENTAL" MONITORING PRO

GRAM RESULTS 

Besides setting limits on the CEDE to any 

member of the public from Mound operations, 

DOE has established DCGs for individual radio

nuclides. The Derived Concentration Guide is de

fined as the concentration of a ~dionuclide that 

· will result in a CEDE of 100 mrem (1 mSv) 

following continuous exposure for one year. The 

concentrations of radionuclides from Mound's 

1991 releases were small fractions of the appro

priate DCGs. 
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• 10-e Curies 

18117 1- 1880 

f;:JAJJ 1991 ALARA Investigation Level= 30 x 10"' Curies 

Figure E-4. Plutonium-238 releases from Mound to tbe atmosphere 

• 
10-4 Curies 

• [:.?;:.::;.:J 1991 ALARA Investigation Level= 30 x 10_. Curies 

Figure E-5. Plutonium-238 releases from Mound to the Great Miami River 

ES-7 

.. 



Environmentlll Monitoring at Mound 
•' -·--- .IV ... _ -· - ........._ - • ·- ---- ·- • . ........ ·" ''"" ... ---·,.' .· .. .., .. · ~- ---·~ ..... ____ .. " •. . 

10·7 Curies • 

(Releases too low to warrant an An..) · 

Figure E-6. Plutonium-239,240 releases from Mound to the atmosphere 

•• 
10-e Curies 

(Releases too low to warrant an An..) 

Figure E-7. Plutonium-239,240 releases from )Mound to the Great Miami River • 
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• 10 

e 

2 

11N17 18110 18e1 

(Releases too low to warrant an AIL.) 

Figure E-8. Uranium releases from Mound to the atmosphere 

• 1 Q-4 Curies 

10 

II 

18117 181111 18110 18e1 

• ll:ri@J 1991 ALARA Investigation Level= 10 x 10-4 Curies 

Figure E-9. Uranium-233,234 releases from Mound to the Great Miami River 
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Radiological Monitoring of the Atmosphere 

Ambient air is monitored for tritium and pluto

nium by an onsite network of 5 perimeter sam-
. . . 

piers and an offsite network of 15 samplers. Ten 

of the offsite samplers are located in the Miamis

burg area One sampler is located far enough 

away to receive virtually no impact from Mound 

operations. This sampler serves as a reference 

location to establish background levels of tritium 

and plutonium. The amount by which a sample 

·exceeds the background or environmental level is 

reponed as an incremental concentration: 

The average incremental concentrations at the 

onsite samplers for plutonium-238 and tritium 

oxide were 0.05% and 0.02%, respectively, of the 

DOE DCGs. Average incremental concentra

tions of plutonium-238 and ·tritium oxide at the 

offsite samplers were 0.006% and 0.004%, re

spectively, of the DOE DCGs. Incremental con

centrations of plutonium-239,240 measured on

site averaged 0.00001% of the DOE DCGs; off

site averages were below the environmental level 

Radiological Monitoring of Water 

Water samples were collected from locations 

along the banks of the Great Miami River and 

were analyzed for tritium, plutonium-238, ura

nium-233,234, and uranium-238. Other sudace 
water locations were sampled for tritium and 

plutonium-238. Drinking water from the Miamis

burg area was analyzed for tritium, plutonium-

238, uranium-233,234, and uranium-238. Silt 

samples were collected from the River and other 

sudace water locations and analyzed for pluto

nium-238. 

. . . 
Surface water. The- average incremental 

.. concentrations of tritium and plutonium-238 in 

the GreatMiamiRiverwereO.OOl% and0.0002%, 

respectively, of the DOE DCGs. The average 

concentration of uranium-233,234 was 0.0009% 

of the DOE DCG; average uranium-238 concen

trations were below the environmental level. 

Drinking water. DOE DCGs are intended to 

be applied ·at the point of release, not at the point 

of exposure. Therefore, DCGs are not applicable 

to drinking water sources. However, of the radio

nuclides routinely released by Mound, only trit

ium has a U.S. Environmental Protection Agency 

(EPA) drinking water standard (DWS). The other 

radionuclides released by Mound have not been 

assigned specific DWSs and are therefore evalu

ated below in terms of their respective DOE .. 

DCGs. 

The average concentration of tritium in all 

private well samples was 9.4% of the EPA DWS. 

. The average concentration of tritium in onsite 

wellsampleswas 12.5%oftheDWS. Plutonium-

238 concentrations in a private well and in Mia

misburg city water averaged 0.02% of the DOE 

DCG. The average concentration of plutonium ... 

238 in onsite wells was 0.07% of the DOE DCG. 

Private well and Miamisburg ci~ water exhibited 

uranium-233,234and uranium-238 concentrations 

of 1.6% and 1.2% of the DOE DCGs, respec

tively. Onsite well concentrations of uranium-

233, 234 and uranium-238 averaged 1.05% and 

0.75%, respectively, ofthe DOEDCGs .. 

Silt. Average concentrations of plutonium-

238 in silt samples collected from the Great Mi
ami River below Mound suggest some accumula

tion of Pu-238 relative to other sampling loca

tions. However, at the very low concentration 

levels observed, the error limits are quite large and 
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the potential risk from such concentrations is 

quite small 

Radiological Monitoring of Foodstuffs and 

Vegetation 

Locally-grown foodstuffs, vegetation, and fish 

_ samples were collected from the surrounding area. 

These samples were then analyzed for tritium and/ 

or plutonium-238 as appropriate. Concentrations 

of tritium averaged 0.15 x 10-6 JJ.Ci/g and 0.12 x 

10-6 JJ.Ci/g for gr8ss and tomatoes, respectively. 

Plutonium-238 concentrations measured ~ grass 

and root crops did not exceed environmental lev

-els. P1utonium-238 concentrations in fish aver

aged 0.03 x 10·9 JJ.Ci/g. 

Nonradiological Monitoring of Air 

Particulate loadings are measured at ali of the 

onsite and offsite air sampling locations. Particu

late concentrations appeared to be independent of 

distance from Mound. This result suggests Mound 

exerts little or no influence on the levels of air~ 

borne particulates. 

Nonradiological Monitoring of Water 

Mound's nonradiologicalliquid discharges are 
regulated by aNationalPollution Discharge Elimi

nation System (NPDES) permit In 1991, 1010 

samples were collected to demonstrate compli

ance with the NPDES permit No exceedances of 

permit limits were detected by any of the samples. 

Environmentlll Monitoring at Mound 

GROUNDWATER MONITORING PRO-
GRAM . __ _ _ _ _ 

Samples from monitoring and production wells 

were analyzed for various constituents including 

volatile organics, semivolatiles, pesticides, poly

chlorinated biphenyls (PCBs), metals, inorganic 

cations and anions, and radionuclides. The moni

toring data indicate that volatile organic com

pounds and tritium, respectively, are the primary 

nonradiological and radiological contaminants of 

concern. 

ENVIRONMENTAL RESTORATION PRO

GRAM 

In November of 1989 Mound was designated. 

a Superfund site, ie., placed on the National 

Priorities List under the Comprehensive Environ

mental Response, Compensation, and Liability 

Act (CERCLA). In accordance with that designa

tion, a multi-year Remedial Investigation/Feasi

bility Study (RIIFS) is in progress. This RIIFS 

continues aDOEEnvironmental Restoration (ER) 

program established in 1984 to identify, assess, 

and remediate DOE sites at which residual con

tamination presents a human health and/or envi

ronmental risk. The ER program at Mound in

cludes the assessment and any remediation of 

contaminated soil and groundwater. 

ENVIRONMENTAL SURVEILLANCE 

QUALITY ASSURANCE 

To ensure the reliability of environmental data, 

Mound maintains an Internal Quality Assurance 

Program that consists of running blanks, internal 

standards, and duplicate samples. Mound also 
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participateS in compariso·ri exercises with external 

laboratories to further validate environmental. 

results. Comparisons of Mound's performance 

with. that of other laboratories are shown in Sec

tion 7 of this report. The close agreement between 

Mound and the external labs demonstrates that 

Mound's Environmental Monitoring Program 

generates reliable data. 
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Environmenllll Monitoring at Mound 

1. INTRODUCTION 

1.1 DESCRIPTION OF MOUND SITE AND 
OPERATIONS 

1.1.1 Location : .. , . 

. . . 
The Mound facility, named after the Miamis-

burg Indian Mound adjacent to the site, comprises 
120 buildings on 124 hectares (306 acres) of land 
in Miamisburg, Ohio, approximately 16 Ian (10 
mi) southwest of Dayton (Figure 1-1 ). The Great 
Miami River, which flows southwest through the 

POPUtAnON OF anES ·--OI&IIOola.. 
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city of Miamisburg, dominates the geography of 
the five-county region surrounding Mound (Fig
ure 1-2). The river valley is highly industrialized. 
The rest of the region is predominantly farmland, 
dotted with light industry and small communities. 

VANDAUA. 

Fagure 1-1. Locations of the Mound Plant and surrounding commaoities 
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Figure 1-2. Location of Mound Plant 

Figure 1-3 shows the population distribution 
within 50 miles (80 km) of Mound The popula
tion information was extracted from 1990 Census 
data (PL94-171) by the Ohio Department of De
velopment. The estimated number of individuals 
residing within the 50-mile radius is 3,034,679 
(Table 1-2). 

The primary agricultural activity in the area is 
raising field crops such as com and soybeans. Ap
proximately 10% of the agricultural land is de
voted to pasturing livestock. 

1-2 

Table 1-1. Population Totals from the 1990 
Census 

Radius, miles Total 

0-10 322,876 

0-20 887,114 

0-30 1,477,621 

0-40 2,541,609 

0-50 3,034,679 

• 

• 
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Environmimml Monitoring at Mound 

1J1e climate is moderate. The average annual 
precipitation of91 em (36 in) is evenly distributed 
throughout the year(Figure 1-4)~ Total precipita
tion measured at Mound in 1991 was 79 em (31 
in). Winds are predominantly out of the south 
southwest (Figure 1-5). The annual average wind 
speed measured at Mound for 1991 was 4.9 inls 
(11.3 milhr) (Table 1-2). 

The geologic record preserved in the rocks 
underlying Mound indicates that the area has been 
relatively stable since the beginning of the Paleo
zoic era more than 500 million years ago. No 

e 

5 

evidence indicates subsurface structural folding, 
significant stratigraphic thinning, or subsurface 
faulting in the Richmond beds, which ale nearly · 
horizontal. Noris there evidence of sub-Richmond 
structuraldisplacementin the immediate surround
ing area. Limestone strata. which are interbedded · 
with protective shale layers at the site, show no 
evidence of solution activity. No evidence of 
solution cavities or cavern development has been 
observed in any borings or outcrops in the Mia
misburg area. 

I Total Rainfall tor 1881 • 31• 

~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ 

Month 

Figure 1-4. Monthly rainfall for 1991. 
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Table 1-2. Percent Frequency of Wind 
Direction and Wind Speed 

from the Mound Meteorological Tower, 
Miamisburg, Ohio, for 1991 

Direction Percent Average Speed(mls) 

N 6.5 4.2 
NNE 4.9 4.1 
NE 5.9 4.0 
ENE 4.9 4.1 
E 17 3~ 

ESE 3.2 3.5 
SE 3.1 3.8 
~E ~1 42 
s 11.7 5.3 
ssw 16.4 5.8 
SW 10.4 5.8 
WSW 5.5 5.4 
w 6.7 5.9 
WNW 5.1 5.5 
NW 3.6 4.0 
NNW 4.3 4.2 

Average 4.9 

Total relative frequency of calms distributed above is 0.2%. 

The site topography is indicated in Figure 1-6. 
The Mound site is from 216 m to 268 m (710ft to 
880ft) above sea level; most of the Plant is above 
244m (800ft). No building in which radioactive 
material is processed is located below an eleva
tion of241 m (790ft). The typical nonflood stage 
of the Great Miami River is 208m (682ft). The 
highest flood-water levels that can reasonably be 
postulated for the Great Miami River basin would 
result in flooding to 216m (710ft), which is ap
proximately the lowest elevation at the site. No 
buildings at the Mound site are located on a 
floodplain or in areas considered as wetlands. 

1.1.2 Mission and Operations 

Mound is an integrated research, development, 
- ·and production facility working to support DOE 

weapon and nonweapon programs, especially in 
the areas of chemical explosives and nuclear tech
nology. The principal mission of the Mound 
facility is to research, develop, and manufacture 

-non-nuclear explosive components for nuclear 
weapons that are assembled at another DOE site. 
Other major operations at Mound include: 

1-6 

• Manufacture of stable (nonradioactive) nu
clides for medical, industrial, and general 
research. 

' 
• . Developmentandmanufactureofsmallchemi-

. ~ heat sources for the national defense pro
gram. -

• Recovery and purification of tritium from . 
scrap materials generated by Mound and other 
DOE sites. 

• Development and fabrication of radioisotopic 
heat sources fueled with plutonium-238 to 
provide power sources for such projects as 
lunar experiments, satellites, and spacecraft. 

• Surveillance of explosive and radioactive 
weapons components received from other 
DOE sites. 

Research and development operations at Mound 
include investigations on chemical explosives and 
pyrotechnics; on plastics, elastomers and adhe
sives for the nuclear weapons program; on fuel 
systems for thermonuclear energy research pro
grams; on joining of exotic metals; on instrumen
tation for the Nuclear Safeguards program; on 
separation techniques and gas dynamics of stable 
nuclides; on energy conversion systems; and on 
management of radioactive wastes. 

• 

• 
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1.2 PERSPECTIVE ON RADIATION 

This section attempts to put intO perspective · · 
the potential consequences ofthe radionuclide re- · 
leases described in subsequent. ~ctions of this . 
report. . =. . _: : ··.' .· 

Most consequences to humans from radionu-··· 
elides released to the environment are cailsed by 
interactions between radiations emitted by the 
nuclides and human tissue. These interactions 
involve the transfer of energy from the radiations 
to the tissue, a process that may damage the tissue. 
The radiations may come from radionuclides 
located outside the body (i.e., in or on environ
mental media and man-made objects) and from . 
radionuclides deposited inside the body via inha- · 
lation, ingestion, or absorption through the skin. 
Exposures to radiations from nuclides located 
outside the body are called external exposures and 
will last only as long as the exposed person is near 
the external sources. Exposures to radiations 
from radionuclides deposited inside the body are 
called internal exposures and will last as long as 
the radionuclides remain in the body. 

A number of specialized units are used to char
acterize exposures to ionizing radiations. Because 
the damage associated with such exposures is due 
primarily to the deposition of radiant energy in 
tissue, these units are described in terms of the 
amount of radiant energy absorbed by the tissue 
and the biological consequences of the absorbed 
energy. Some of these units are defined below. 

• Absorbed dose indicates the amount of en
ergy absorbed by a material (e.g., human 
tissue), divided by the mass of the material. 
The unit of absorbed dose is the gray (Gy) or 
the rad (100 rads = 1 Gy). 

• Dose equivalent indicates the biological ef
fect of an absorbed dose on a particulAr organ 
or tissue. It equals the absorbed dose multi
plied by factors that relate the absorbed dose 
to biological effects on that particular organ. 
The unit of dose equivalent is the sievert (Sv) 
or the rem (100 rem= I Sv). 

• Effective dose equivalent indicates an 
. .. individual's fatal cancer risk from an expo
. sure to ionizing radiation. It is calculated from 

the weighted sum of the dose equivalents from 
. . · the irradiated organs. It is also expressed in 

~- rems or Sieverts. 

• . Committed eft'ective dose equivalent indi
cates the total dose over the individual's pro
jected remaining lifetime (assumed to be 50 
years) that results from an intake during I 
year. The committed effective dose equiva-

. lent (CEDE) expresses the dose of internal 
radiation received when an individual has 

. " ingested or inhaled a radionuclide that will 
·. · remain inside the body for months or years. It 
_; is.also expressed in rems, mrems ( 1000mrems 
:; = 1 rem), or Sieverts. 

• CoUectivecommittedeft'ectivedoseequiva
lent indicates the sum of the committed effec- · . 

· tive dose equivalents to the individuals in a 
. population. It gives an estimate of the ex

pected health risk to the population from a 
dose of radiation. It can be used to calculate 
probable risks that might be too small to 
predict on the basis of a single individual. It is 
expressed in person-Sieverts or person-rems. 

Sources of Radiation 

Every day our bodies absorb ionizing radia
tion. Most of it comes from natural sources. 
Consumer products and medical procedures that 
use radiation are other common sources of ioniz
ing radiation. 

Natural Sources. Natural radiation comes 
from two sources-<:osmic and te~J"Cstrial. Cos
mic radiation results when energetic particles 
from outer space, traveling at nearly the speed of 
light, collide with nuclei in our atmosphere, creat
ing radiation and showers of particles that fall to 
earth. The average annual dose equivalent re
ceived from cosmic radiation is 26 mrem (0.26 
mSv) for an individual living at sea level. Because 

· cosmic radiation dissipates as it travels through 
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the atmosphere, individuals living at lower alti
tudes receive less dose from this source than those 
living at higher altitudes. 

Terrestrial radiation results when radionuclides 
that are a natural part of the earth's rocks and soils 
emit ionizing radiation. Because the concentra
tions of these radionuclides vary geographically, 
an individual's exposure depends on his location. 
The average annual dose equivalent from terres
trial radiation for an individual living in the U.S. 
is 28 mrem (0.28 mSv). . 

Besides absorbing radiation from external ra
dionuclides, we can also absorb radiation inter
nally when we ingest radionuclides along with the 
food, milk, and water we ingest or along with the 
air we inhale. Once in our bodies, radio nuclides 
follow the same metabolic paths as nonradioac
tive forms of the same elements. The length of 
time a particular radionuclide remains and emits 
radiation depends on whether the body eliminates 
it quickly or stores it for a long period, and on how 
long it takes for the radionuclide to decay into a 
nonradioactive form. Inhalation of radon contrib
utes about 200 mrem (2.0 mSv) to the average 
annual dose equivalent from internal radiation. 
Other radionuclides contribute approximately 39 
mrem (0.39 mSv). 

Consumer Products. Many familiar con
sumer products emit ionizing radiation. Some 
must emit radiation to perform their functions, 
e.g., smoke detectors and airport x-ray baggage 
inspection systems. Other products, e.g., TV sets, 
emit radiation only incidentally to performing 
their functions. The average annual effective dose 
equivalent to an individual from consumer prod
ucts ranges from 6to 12 mrem (0.06to0.12 mSv). 

Medical Uses. Radiation is a tool for diagnos
ing and treating disease. The average annual dose 
equivalent for an individual in the U.S. from 
diagnostic radiation is 53 mrem (0.53 mSv). Indi
viduals undergoing radiation therapeutic proce
dures may receive much higher doses . 

Environmenllll Monitoring at Mound 
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Environmental Monitoring Ill Mound 

-- T ·• -·~· ~-· : • ••••. ~. l. COMPLIANCE SUMMARY 
. -. 

The Mound Plant must operate in compliance with environmental reqwrements established by 
federal and state statutes and regulations, Executive Orders, U.S. Department of Energy (DOE) Orders, 
and a Federal Facilities Agreement (FF A). Mound's status with respect to each of these requirements 
is summarized below. ~: ·,·~: .. ::J;·· · _ - - -

2.1MA.JOR_ENVIRONMENT~LSTATUTES 

. . 

2.1.1 Clean Air Act (CAA) . 

Radiological emissions. At Mound ten stacks 
discharge radioactive effluents to the environ
ment These sources are subject to the National 
Emission Standards for Hazardous Air Pollutailts 
(NESHAPs) for radionuclides. The NESHAPs, 
radionuclides regulations ( 40CFR 61, Subpart H) 
are enforced by the U.S. Environmental Protec-

-tionAgency(EPA). Throughout 1991,allMound 
emissions were within required limits and no en
forcement citations were received. The maxi
mum committed EDE to an individual resulting 
from tritium and plutonium-238 released to the air 
was 0.14 mrem (0.0014 mSv), which represents 
1.4% of the NESHAPs EDE standard of 10 mrem 
per year (0.1 mSv/yr). _ 

During a Federal Insecticide, Fungicide, and 
Rodenticide Act (FIFRA) inspection of Mound 
on September 17- 19, 1991, the EPA inspector 
also reviewed Mound's activities relative toNE
SHAPs. Mound has not yet received a copy of the 
report from this inspection; however, during the 
close-out meeting the EPA inspector did not indi
cate any findings or issues requiring a Notice of 
Warning letter. 

In November of 1991, a two-year plan to bring 
Mound's effluent monitoring hardware into full 
compliance with 40 CFR 61, Subpart H was sub
mitted to Region V of the U.S. EPA. Two staff 
members were added to the Environment and 
Waste Management Section of EG&G Mound to 
implement this plan. H funding for project com
pletion remains available, new compliance moni
toring systems should be installed on all major ra
dionuclide-emitting stacks by the fourth quarter 
of 1993. · 
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Nonradiological emissions. Mound has six 
state air permits from the Ohio Environmental 
Protection·Agency (OEPA). A number of other 
sources are registered with the Regional Air Pol
lution Control Agency (RAPCA). Throughout 
1991, all emissions were within required limits 
(Table 5-1) and no enforcement citations were 
received. · · · · ·· · · 

A comprehensive su~ey of all emission points 
at Mound was conducted during 1991. The sur
vey results led to the preparation of 138 additional 
permit applications. These applications were sub
mitted to RAPCA in the first quarter of 1992. 
Though it may be necessary for these .emission. : 
sources to be registered with the State~ it is. not.· 
expected that many of them will require OEP A . 
permits. It is also believed, based on an analysis 
ofMound' s chemical inventories and usage rates, 
that the amounts of criteria pollutants, hazardous 
air pollutants, and ozone-depleting chemicals 
discharged by the Plant are below applicable 
regulatory thresholds. 

2.1.2 Clean Water Act 

The National Pollutant Discharge Elimination· 
System (NPDES) permit issued to Mound re
quires compliance monitoring activities for four 
onsite discharges and one intermittent offsite 
discharge. In 1991, 1010 samples were collected 
for analysis. No exceedances were detected by 
NPDES monitoring. 

While conducting the September 17- 19 FIFRA 
inspection, the EPA inspector also reviewed 
Mound's activities relative to the Clean Water 
Act. During the close-out meeting the EPA in
spector did not indicate any findings or: issues 
requiring aN otice ofW arning letter. However, on 
March 26, 1992, a request was received for addi
tional information on Mound's Spill Prevention 
Control and Countermeasures Program. 
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OEPA perfonnedanNPDES inspection ofMound 
in April 1991 and was satisfied with the plant's 
NPDEs monitormgprogma On March 27, 1991, 
an app"tication was subinitted fc)r renewal of the 
NP~ES permit. It is anticipated that the permit 
will be reissued during the second quarter of 1992. 

In 1991, as in previous years, Mound's Envi
ronmental Laboratory participated in a quality 
control program for laboratories performing 
NPDES analyses. In EPA-sponsored programs, 
labs analyze unknown control samples and sub
mit the results for evaluation. Mound's lab was 
rated "acceptable", the highest rating issued, for 
all parameters measured. 

2.1.3 Safe Drinking Water Act (SDWA) 

Amendments to the SDW A have increased the 
compliance monitoring requirements for testing 
Mound's drinking water. Bacteriological testing 
is now perfonned monthly. Volatile Organic 
Compounds. (VOCs) are monitored quarterly. 
These analyses must be perfonned by a state
certified laboratory. National Environmental 
Testing is the lab used to analyze Mound's drink
ing water for these parameters. In 1991, no 
violations of bacteria or VOC standards were 
detected by these measurements. 

Mound experiences intermittent problems in 
meeting the minimum chlorination standard of 
0.2 mg!L free chlorine at a limited number of 
drinking water fountains. Bacteriological testing 
of Mound's drinking water indicates that chlorine 
levels infrequently fall below the minimum stan
dard and do not cause potability risks. Therefore, 
in 1990 Mound applied to the OEPA for an ex
emption from the chlorination standard. The Ohio 
EPA has not formally responded to Mound's 
request. IndependentofOEP A's response, Mound 
Engineering has a system upgrade planned; the 
installation of a new water main for supplying the 
SMIPP tower is scheduled to begin in January of 
1993. Once installed, all onsite water service will 
be provided by towers and short-term fluctuations 
in chlorine levels associated with chlorination 
equipment adjustments will be minimized. 
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2.1.4Resoun:e Conservation and Recovery Act 
(RCRA)· 

The Mound Plant has interim status as a RCRA 
treatment and storage facility. Three hazardous 
waste storage units and three hazardous waste 
treattnent units (glass melter, open burning of 
explosives, and explosives retorting) are main
tained onsite. Operation of these units is ad
dressed in the pending Part B application for the 
Plant. The permit application was first submitted 
in 1986. A series of resubmissions has been 
necessary to address technical issues and requests 
for additional information. A ·comprehensive 
revision ofthe.Part B application was submitted to 
OEP A on schedule in October of 1991. 

OEPA and EPA inspected Mound's RCRA
rel3ted activities in 1991. Several minor deficien
cies, primarily of an interpretive nature, were 
noted. Mound promptly completed corrective 
actions. · 

During the FIFRA inspection of Mound on 
September 17- 19, 1991, the EPA inspector also 
reviewed Mound's activities relative to RCRA. 
Mound has not yet received a copy of the report 
from this inspection; however, during the close
out meeting the EPA inspectOr did not indicate 
any findings or issues requiring a Notice ofW arn
ing letter. 

Before shipment offsite, hazardous waste is 
stored onsite in interim status storage units. Ad
ditionally, a small quantity of mixed radioactive 
and hazardous waste is stored onsite pending the 
development of on- or offsite treatment or dis
posal options. One option under consideration is 
thermal treatment of these wastes using the glass 
melter. A trial bum plan has been submitted for 
this unit and is under review by the OEP A. Al
though this option may prove feasib!e, the thennal 
treatment process will not be implemented unless 
compliance with the National Environmental 
Policy Act can be demonstrated. 

Mixed waste presents a unique compliance is
sue. Currently there are no treatment or disposal 
alternatives for such material. The only option at 
this time is continued storage. Because of this . 
limitation, Mound may be forced to store mixed 
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waste in quantitieS, and/orfortiine periods, which 
exceed RCRA limits. 

The volume of material at Mound requiring 
management as mixed RCRA waste increased 
substantially in 1991. This increase resulted from 
DOE's moratorium on shipment of RCRA waste · 
originating in Radioactive Material Management 
Areas (RMMAs). PursuanttotheMay 17,1991, -; 
moratorium, "suspect" mixed waste cannot be 
shipped to commercial treatment and/or disposal 
facilities which do not possess an NRC license. 
Therefore, until the moratorium is lifted, Mound 
must store waste from RMMAs in the mixed 
waste storage facility. 

In response to the moratorium, Mound submit
ted a moratorium procedures packet to DOE in 
November of 1991. The transmittal included ex
cerpts from Mound technical manuals which 
docUment the implementation of a formal process 
for the identification and tracking of suspect waste. 
The transmittal is undergoing review. A target 
date for lifting the ban has not yet been estab
lished 

Onsite treatment. During 1991, small quan
tities of explosives and pyrotechnics were treated 
onsite using the interim status treatment units 
described above. The remaining non-suspect 
hazardous wastes were shipped offsite for appro
priate RCRA-permitted treatment and/or disposal. 

Nonhazardous solid wastes. Nonhazardous 
solid wastes generated at Mound are disposed of 
in a nearby sanitary landfill that is licensed and 
permitted. The volume of materials requiring 
landfill disposal was significantly decreased in 
1991 by Mound's recycling program for paper, 
aluminum cans, and scrap metal. 

Ohio Bureau ofUnderground Storage Tank 
Regulations (BUSTR). Efforts intensified in 
1991 to achieve full compliance with B USTR. A 
survey performed in 1991 verified that the seven 
underground storage tanks (USTs) subject to 
BUSTR were properly identified and in compli
ance with applicable requirements. During 1991, 
leak-tightness testing was performed on the USTs . 
No BUSTR-regulated removal or upgrade activi
ties were conducted in 1991. 

Environmenllll Monitoring at Mound 

2.1.SComprehensiveEnvironmental ~ · 
Compensation, and Liabitity Act (CERCLA) 

· The Mound Plant was listed on the National 
Priorities List as a Superfund site on November 
21,1989. A Federal Facilities Agreement(FFA) 
between DOE and EPA followed on October 12, 
1990. The Statement of Work for the FFA re
quires DOE to conduct sufficient work to charac
terize Mound in tenns of all hazardous substances 
that potentially pose. a threat to human health or 
the environment The FFA further requires that 
areas warranting immediate cleanup be addressed 
as soon as practical. Preliminary assessments 
have not identified any conditions that require im

. mediate corrective action. However, 125 poten-
tial release sites have been identified and grouped 
into operable units for further assessment. 

In 1991, ·work plans for a number of oj>erable 
units were developed. The work plan for Oper
able Unit 9 was submitted for regulatory review.· 
The work plan for Operable Unit 3 was approved 
by the U.S. and Ohio EP As. . _ 

No releases of reportable quantities of CER
CLA-regulated materials occurred during 1991. 

2.1.6 Toxic Substances Control Act (TSCA) . 

Mound does not generate TSCA waste streams 
on a regular basis. However, efforts continue at ·. 
Mound to remove TSCA waste associated with . 
previous practices. The two primary areas com
prising this category of waste are polychlorinated 
biphenyls (PCBs) and nonfriable asbestos. 

PCBs. In 1991,56 drums ofPCB-contami
nated soil, debris, oil and water were shipped 
offsite to an EPA-approved facility for disposal. 
Also in 1991, Mound continued to replace trans
formers and capacitors containing PCBs. All such 
wastes are stored onsite in accordance withTSCA 
regulations before offsite shipment All required 
records and logs are also maintained. 

PCB waste removed from an RMMA is cur
rently handled as TSCA mixed waste. As indi
cated above for RCRA mixed waste, no disposal 
options are currently available. In the interim, 
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PCB mixed waste handled onsite will be stored in 
the mixed waste facility. Because of the restric
tions on mixed waste disposal, such storage could 
exceed the TSCAlimit, which is one year from the 
initial date of storage. 

Asbestos. The use of asbestos in pipes, panels, 
and as an additive to diallyl phthalate in pans pro- . 
duction, has been discontinued at Mound. Resid
ual asbestos has been handled and packaged in 
compliance with regulations and shipped offsite 
to an approved facility for disposal Other asbes- . 
tos removal projects began in 1991 in connection 
with building renovation activities. All such 
projects are carefully monitored by the Industrial . · 
Hygiene Section to ensure compliance with TSCA 

2.1.7 Emergency Planning and Community 
Right-to-Know Act (SARA Title Dl) 

Title ill of the Superfund Amendments and 
Reauthorization Act (SARA) requires annual sub
missions of hazardous chemical inventory and 
emission data for the previous calendar year. to 
meet the requirements of Sections 311 and 312 of 
Title ill, for 1991 Mound reported storing and/or 
utilizing three "extremely hazardous" and 12 "haz
ardous" substances in quantities subject to regula
tion under the Act. A review of Plant toxic 
chemical data for 1991 has verified that the site is 
not-subject to the reporting requirements of Sec
tion 313 of the Act. 

2.1.8 Federal Insecticide, Fungicide, and Roden
ticide Act (FIFRA) 

EPA conducted a FIFRA inspection of Mound 
on September 17 - 19, 1991. Mound has not yet 
received a fonnal copy of the report from this 
inspectiouj· however, during the close-out meet
ing the EPA inspector did not indicate any find
ings or issues requiring a Notice ofW aming letter. 
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2.1.9 National Environmental Policy Act 
(NEPA) .. 

NEP A requires that consideration is given to 
the potential environmental impacts of federal ac
tions prior to the irretrievable commitment of 
resources. Numerous NEP A checklists and other 
related documents were prepared for Mound in 
1991. One process, thennal treatment of mixed 
radioactive and hazardous waste, is undergoing a 
more fonnaHzedNEP A review, an Environmental 
Assessment (EA). The final EA is not expected 
until later in 1992; however, preliminary indica
tions are that a finding of no significant impact 
will be issued .. 

2.1.10 National Historic Preservation Act 
(NHPA) 

In compliance with Section 110 of the NHP A;. 
portions of the Miami-Erie Canal and a small 
undeveloped portion of the Plant were subjected 
to an archaeological survey to identify any undis
turbed areas containing structures or items of cul
tural or historical interest No significant findings 
were noted and no sites surveyed were eligible for 
the National Register of Historic Places. 

2.1.11 Endangered Species Act 

No endangered species have been identified on 
the Mound Plant at this time. Areas of habitat pre
ferred by .the Indiana Bat (Myotis sodaJis) are 
present onsite though the bat itself has not been 
observed. If future activity has the potential to 
disturb those habitat areas, Mound will consult 
with the U.S. Fish and Wildlife Ser-vice and con
duct a biological survey to confinn the bat is not 
present Should the survey results suggest the 
presence of one or more bats, an assessment of the 
environmental impact of the planned activity will 
be conducted prior to project approval. 
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2.1.12 Exemtive Order 11988, "Floodplain 
Management" 

The m8in plant at Mound is not located in a 
floodplain. Recent investigations indicate th8t· 
lower plant area5 around production wells may be 
in a 1 00-year floodplain. This finding would not · 
affect main plant operations. · 

2.1.13 Executive Order·ll990, "Protection of 
Wetlands" 

. As studies are performed in association with 
the Plant's Enviro~ental Restoration Program, 
it will be possible to define any wetlands areas that 
may exist on or near the site. This activity will 
require a multi-year effort to· complete. 

2~0THERKEY~RONMENTALCOM

PLIANCE ISSUES 

2.2.1 Tiger Team Action Plan 

Mound continues to make improvements rec
ommended by the 1989 DOE Tiger Team audit in 
accordance with a Corrective Action Plan devel
oped for the Plant As of December 31, 1991, 
corrective actions had been completed for 42 of 
the 78 findings identified by the Team. Also as of 
that date, 27 findings were scheduled for comple
tion; nine findings were overdue. 

A. supplement to the Corrective Action Plan is 
under development. This supplement indicates 
specific corrective actions that will be taken for 
each remaining finding. A draft version of the 
plan has been reviewed by DOE and is scheduled . 
for implementation during the second quarter of 
1992. Though not all corrective actions have yet 
been completed, it is important to note that the 
Tiger Team assessment identified no problems at 
Mound that warranted curtailment or cessation of 
operations . 
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2.2.2 Pef!~l:lg Lawsuit · · ·. · ·_ 

A class action lawsuit was fii.ed against the 
Monsanto Research -Corporation (MRC) and 
EG&G MoUild Applied Technologies (EG&G) 
on December 5, 1991. The lawsuit asserts that 
MRC and EG&G (Mound's previous and current 
operating contractors, respectively) ''engaged in a 
continuous course-of negligent ... and unlawful 
conduct resulting in ... repeated discharges of · 
both radioactive ·and nonradioactive hazardous 
substances ... into the environment surrounding 
the facility." The lawsuit further asserts that these 
actions were "concealed from the plaintiffs" . 
Though 33 individuals are listed as plaintiffs, 
attorneys representing the plaintiffs are seeking 
class certification for all persons who were resi
dents~ property owners, or lessees of property 
within a 5-mile radius of the plant · · · 

EG&G Mound strongly believes this suit is 
without merit. Release data for Mound have been·· 
published each year in publicly distributed docu
ments. Further, the release data demonstrate the 
efforts taken by the Plant to operate within all 
applicable regulatory requirements and guide
lines. 

2.3 IDGHLIGHTS FOR mE FIRST QUAR-. 
TEROF1992 

During the period January 1 through March 31, 
no exceedances of Mound's NPDES limits oc
curred . Airborne and liquid releases of radioac
tivity were below applicable ALARA Investiga
tion Levels. 

A number of key environmental milestones 
were completed in the first quarter of 1992. 
Specific program elements included: 

• The Remedial Investigation/Feasibility Study 
Operable Unit 9 Site-Wide Work Plan was sub
mitted for final regulatory review. Approval of 
this plan will allow Mound to perform a compre
hensive evaluation of potential contamination and 
contaminant transport within and beyond the plant 
boundary. 
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• Draft versions of the Mixed Waste Quality Plan 
and the Environmenta1/W asteMimagementTrain
ing Program were developed. . These actions are 
important comp<)D.ents ofMound's.efforts to (1) 
identify and track suspect ·nunoactive waSte, and 
(2) handle such waste in accot:dance with all ap
p~able regulations and guidelines.·.~.:< ·; : ~, . . 

• In February of 1992, ~ound submitted a Waste 
Generator's Applicatimi to the Nevada Test Site 
(NTS). Submission of this application is required 
before low specific activity (LSA) waste may be 
shipped to NTS. In the application, Mound de
tailed the extensive tracking program to which 
LSA waste are subjected. · · · · 

_·,._,;_ ·-· __ _.__- -- .___ - ·- . 

. ' . ·.; . ' . - ~ 

• Mound completed the Emergency and Hazard-
ous Chemical Inventory forms required by SARA 
Title m in February. A set of site maps, color
coded to indicate the locations of specific chemi
cals, was included with the report. This submis
sion under the Emergency Planning and Commu
nity Right-to-Know Act (SARA Title ill, Sec
tions 311 and 312) is required of applicable facili
ties by March 1 of each year. 

• Early in 1992, plans were fonnalized to replace 
Mound's pilot-scale, high-grade paper recycling 
program with a plant-wide program involving the . 
recycling of nonhazardous items in addition to 
high-grade paper. 

• A comprehensive managementplanfor Mound's 
active and inactive underground storage tanks 
(USTs) was submitted for regulatory approval in 
February. This program plan places all tank sys
tems in one of three categories on the basis of 
usage and applicable regulations. . . 

• In April of 1992, Mound's EnVironmental Moni
toring Plan was approved. This Plan documents 
the effluent monitoring, environmental surveil
lance, and associated quality assurance programs 
in place at the Plant 
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2.4 SUMMARY OF PE~ITS 
. . . 

Mound operates in compliance with six state 
air permits and one NPDES permit (Table3-3). 
Mound has filed an application with the OEP A for 
a site-wide RCRA permit covering all storage and 
treatment facilities. Also, iii accordance with 
BUSTR requirements, three USTs are registered 
with the state; four additional USTs are otherwise 
regulated. 

,l• •• 
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3. ENVIRONMENTAL PROGRAM INFORMATION 

. . 

3.1 OVERVIEW OF ENVIRONMENT~ 
MONITORING PROGRAM 

The Mound Environmental Program monitors 
air, water, silt, vegetation, fish, and foodstuffs. 
Samples are collected from the environment up to 
64 km ( 40 mi) from Mound's boundaries and are 
then analyzed for the specific radionuclides and 
nonradioactive substances processed by opera
tions at Mound. Table 3-1 summarizes the moni
toring program. 

3.1.1 Rationale for Environmental Monitoring 

Objectives 

The Mound Environmental Monitoring Pro
gram has for its primary objectives the following: 

• To assess exposure, actual or potential, to the 
population from radioactive and nonradioac
tive materials from normal operations or acci- ~ 

dents. 

• To provide prompt and reliable information 
to, and effectively communicate with, gov
ernment agencies and the public. 

• To demonstrate compliance with standards. 

• To check the effectiveness of facility contain
ment operations. 

• To warn of unusual or unforeseen conditions. 

Additional objectives of environmental sur
veillance are: 

• To record continuously the effect of the site 
and its operations on the environment 

• To collect data on the concentrations of radio
active and nonradioactive substances in the 
air, water, soil, and biota to assess the short-· 
and long-term effects of normal or accidental 
releases. 
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• To distinguish Mound's contributions from 
-. that of other sources. 

• To advise of changing conditions so the pro
gram can be updated and revised in response 
to them. 

-. 

• To provide data that will minimize uncertain-
ties and thus enable more accurate predictions 
of risks to humans. 

• To conduct studies to learn more about how 
radioactive and nonradioactive substances are 
transferred in the environment. 

The following chapters describe how Mound's 
comprehensive Environmental Monitoring Pro
gram meets these objectives. 

Design of the Monitoring Program 

Four factors guide the design of the sampling 
operations that are part of the Environmental 
Monitoring Program: measurement, dispersion, 
accumulation, and potential risk to humans and 
the environment 

Measurement. The program is designed to 
maximize the efficiency and sensitivity of the 
measurements taken. Measurement at the source 
is the most efficient type of monitoring; therefore, 
the program provides continuous measurement of 
radioactive substances at their release points. A 
high level of monitoring capability is crucial to the 
program. Mound's laboratory and field instru
ments, both at the emission source and in the 
environment, allow sensitive detection of most 
radioactive and nonradioactive substances. 

Dispersion. The program is designed to con
centrate sampling units in directions of predomi
nant wind flow to enable reconstruction of expo
sures from inadvertent releases. 
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,-; Table 3-1. ·Summary of Mound's Monitoring Program 

Air Smyemance 

Off site: 
Onsite: 
Stack Emission: 

14locations 
5 locations 
10 locations 

Water Smyeillauce - Offsite 

River: 

Pond: 
Municipal 
Drinking water: 

Well Water: 

5 locations 
5 locations 
7locations 

12locations 
!location · 
7locations 
2locations 

Water Suryeillance - Onsite 

Effluent Water: 3locations 
!location 

Well Water: 

3locations 
2locations 
!location 

!location 

4locations 

3locations 
3locations 

Silt Suryeillance - Offsite 

River: 
Pond: 

5 locations 
6locations 

Ve&etaJion and Foo4stuff Suryeillance 

Vegetation: 
Foodstuffs: 

6locations 
6locations 

Enyjronuvmtai Leyel <Backppundl Surveillance 

Five Media: 

• HTO 
HT 
Pu 

6locations 

Tritium oxide 
Elemental tritium 
Plutonium 

Sampling Frequency 

Weekly 
Weekly 
Daily 

Weekly 
Monthly 
Quarterly 

Monthly 
Monthly 
Monthly 
Quarterly 

Daily 
Daily 

Weekly 
Weekly 
Weekly 

Monthly 

Quarterly 

Weekly 
Monthly 

Quarterly 
Quarterly 

Annually 
Annually 

Quarterly, 
Monthly, 

or Annually 

Uranium 

Parameter Measured • 

HTO, Pu, particulates 
HTO, Pu, particulates 
HT, HTO, Pu, U 

HTO 
Pu,U 
HTO,Pu, U 

HTO 
Pu 
HTO 
Pu,U 

Flow, HTO, Pu, U 
pH. residual chlorine_ 

Suspended solids 
pH 
CBOD,. COD, fecal coliform 

E. coliform, ammonia, 
cyanide. copper, chromium. 
cadmium, nickel, pH, oil and 
grease 

Total toxic organics 

HTO 
Pu,U 

Pu 
Pu 

HTO,Pu 
HTO,Pu 

HTO,Pu,U 

'· 

u 
CBOD5 
COD 

Five-day carbonaceous biochemical oxygen demand 
Chemical oxygen demand 
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Accumulation. Many substances accumulate 
· inspecificcompartmentsoftheenviionment The 
Pf()~ monitors expected points of concentra- . 
tion to detect contaminants otherwise present in. 
such low concentrations in the environment that 
they might go undet~ 
Pote~l Risk. Monitoring of substances haz-:. 

ardous to humans or the environment is given high 
priority. Other relatively innocuous substances 
may also be monitored because they are items of . 
public concern. 

. . . . 
Mound monitors those media in the environ- · 

ment that are most likely to contain the radionu
clides of concern at Mound, tritium and pluto
nium-238. For example, to verify that plutonium-
238 concentrations comply with accepted stan
dards for drinking water, Mound monitors com
munity water supplies and well water. In addition, 
since plutonium-238 has a high affinity for soil 
and sediment, Mound analyzes silt and water in 
pon'!s and rivers. Bottom-feeding fish, e.g., carp,·· 
collected close to and downstream of Mound's 
Great Miami River outfalls, are also analyzed. 

The rationale for monitoring foodstuffs and 
vegetation is to sample readily available media 
that would most likely contain the radionuclides 
of primary concern at Mound. Grass is analyzed 
for both tritium and plutonium-238 because it can 
take up these radionuclides from both air and soil. 
Root crops such as potatoes can take up pluto
nium-238fromthesoil. Tomatoes, withtheirhigh 
water content, are good indicators of uptake of 
tritium from air and soil. 

The very small quantities of radionuclides 
other than plutonium-238 and tritium used at 
Mound are unlikely to pose any threat to the public 
or the environment In cases where it is even 
remotely possible that these radionuclides could 
be found in more than insignificant quantities in 
the environment, they have been added to Mound's 
routine environmental monitoring program. 
Mound does not handle large quantities of ura
nium-233,234 or uranium-238. However, be
cause uranium-234 is a decay product of pluto
nium-238, it has become a part of Mound's rou
tine environmental monitoring program. Mound 
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collects samp~ foruranium-2_33,234 in drinking 
water and in river water, where long-term decay 
and leaching could allow these uranium isotopes 
to become pollutants. 

. .The design of the monitoring program is re
viewed periodically, and if a rationale no longer 
exists for a certain measurement, it is deleted. 
Also, as necessary, the program is expanded to in
clude new, state-of-the-art monitoring methods 
and new regulatory requirements. 

Calculation of Oft'site Doses 

Data from the Environmental Program are 
used to calculate committed EDE to an individual 
and to the population as a whole in the Mound 
area Because the doses are calculated rather than 

~ ·measured, they represent potential or estimated 
rather than actual doses. The purposes of calculat
ing of:fsite radiation doses to the public are to: 

• assess continuously potential radiation·expo- · 
sures to the public, 

• minimize risks, 

• ensure public health, 

• recognize and reflect public trust, and 

• demonstrate that the protection of the public is 
a paramount concern. 

3.1.2 Determination of Environmental Con
centrations 

All concentrations of radionuclides are deter
mined by subtracting the instrument background 
and reagent blanks from the sample·count The 
lower detection limit (LDL) is shown for each set 
of data in this report for comparative purposes and 
for single sample evaluation. The LDL is that 
value at which the presence of a contaminant, 
above that inherent in the detection method (in
cluding reagent blank), can be inferred at the 95% 
confidence level It is calculated from the com-
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bined instrument and reagent blank backgrounds 
and their estimated standard deviation. ·: 

In addition to selecting ·sampling points along· 
predicted dispersion pathways, points are selected 
at locations where discharges from the Mound 
facility would have no measurable impact. These 
locations are usually in a direction away from the 
prevailing winds and at a distance where virtually 
no impact would be measured. These are called 
"reference" or ''background" locations. Sam
pling results from these locations are compared to 
those that may be affected by discharges from the 
Mound facility to detennine the potential impact 
of the facility on the surrounding environment 

«;oncentrations nieasurecl at the reference lo
cation are called "environmental levels" in this 

·report and previous years' reports. Environmental 
levels of nldionuclides in various media as meas
ured during 1991 by Mound are shown in Table 3-· · 
2. The average annual environmental level is 
subtracted from all onsite and offsite data except 
where noted. The concentration calculated from 
this difference, i.e., the incremental concentra
tion, indicates the Mound facility's contribution 
to the environment These concentrations are 
averaged for the year and then compared to either 
a DOE DCG or to a regulatory standard. 

Table 3-2. Environmental (Reference) Concentrations of Radionuclides 
in Various Media in 1991 

Radionuclide Averagel41 Unit 

Plutonium-238 in air b . 0.24 ± 0.39 to-11 J.LCilmL 
Plutonium-239,240 in air 'b 0.1 ± 0.1 1Q-11 J.LCilmL .. 
Tritium oxide in air b 1.85 ± 1.21 IQ-12. J.LCilmL 
Plutonium-238 in river water c -0.31 ± 2.49 10·12 J.LCilmL 
Tritium in river water c -0.2 ± 0.09 1()-6 J.LCi/mL 
Plutonium-238 in surface water 4 -0.08 ± 2.37 1Q-12 J.LCilmL 
Tritium in surface water 4 -0.24 ± 0.19 1()-6 J.LCilmL 
Plutonium-238 in well water • -0.27 ± 2.32. 10·12 J.LCilmL 
Tritium in well water • -0.15 ± 0.07 1()-6 J.LCilmL 
Uranium-233,234 in well water • 0.3 ± 0.02 -lQ-9 J.LCilmL 
Uranium-233,234 in river water c 0.73 ± 0.09 1()-9 J.LCilmL 
Uranium-238 in well water • 0.21 ± 0.02 1()-9 J.LCilmL 
Uranium-238 in river water c 0.67 ± 0.08 1()-9 J.LCi/mL 
Plutonium-238 in river silt c 0.99 ± 1.12 IQ-9 J.LCilg 
Plutonium-238 in pond silt 4 0.89 ± 1.4 1()-9 J.LCilg 
Tritium in grass' 0.97 ± 0.17 1()-6 J.LCilg 
Tritium in tomatoes r -0.12 ± 0.05 1()-6 J.LCilg 
Plutonium-238 in grass' 0.07 ± 0.34 10-9 J.LCi/g 
Plutonium-238 in root crop ' 0.09 ± 0.33 1()-9 J.Lqlg 
Plutonium-238 in fish' 0.01 ± 0.08 1()-9 J.LCilg 

.. 
• EITor limits are estimates of the standard error of the estimated means at the 95% confidence level. 
bMeasured at offsite sampler 119,44.8 km (28 mi) northwest of Mound. 
cMeasured 32 km (20 mi) upstream on the Great Miami River. 
4 Measured 61 km (38 mi) southeast of Mound. 
• Measured 35 km (22 mi) southeast of Mound. 
'Measured 64 km (40 mi) west of Mound. .. 
•Negative values represent concentratio~ below the laboratory blank. - ~ .. :. 
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The amounts of radionuclides being measured 
in the environment are small-most v3lues in this 
report are expressed in microcuries (J.LCi; 1Ci = 1 
million J.LCi). Such low concentrations, along . 
with the statistical uncertainty inherent 4t measur
ing them, can result in negative values. Thus, 
negative values appear both in the environmental 
levels presented in ~able 3-2 and in.the concentra
tions of radionuclides reponed from Mound's 
Environmental Monitoring Program. A negative 
or zero incremental concentration means that the 
concentration at the sampling location is equiva
lent to the environmental level and that there is no 
significant impact from the Mound facility. 

In this report, tables of environmental moni
toring results show the number of samples ana
lyzed during the year, the minimum and maxi
mumconcentrations measur~ the average value, 
the 95% confidence levels around the average, 
and a comparison (where appropriate) of the 
average with a DOE or regulatory standard ex
pressed as a percent of the standard. The error 
limits shown with each table of data are estimates 
of the standard error of the estimated means at the 
95% .confidence level. The values for the incre
mental concentrations include all sources of vari
ability including sampling, analyses, counting 
statiStics, and the propagated error involved when 
the environmental levels (background levels) are 
subtracted from the values measured in the envi
ronment 

3.2 OVERVIEW OF ENVIRONMENTAL 
ACTIVITIES 

3.2.1 Effluent Treatment and Waste Manage
ment 

Emuent treatment. High efficiency particu
late air (HEPA) filters remove particulate radio
nuclides from process air emissions. Air effluents 
are filtered first at their point of origin (i.e., the 
glovebox), and again just before reaching the 
release point (i.e., the stack). The filtering system 
in place at each stack is composed of two banks of 
HEP A filters placed in series. Each filter bank has 
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a nominal collection efficiency of99.95%. Trit
ium is not trapped by HEP A .filters; a chemical 
process is used to remove tritium from waste gas 
streams. 

Waste management. An onsite sanitary waste 
treatment plant manages all domestic sewage gen
erated onsite. An activated sludge process oper
ated in the extended aeration mode provides the 
necessary treatment The installation of a con
tinuous backwash sand filter in 1986 essentially 
upgraded the plant to tertiary treatment The 
influent and effluent at the sewage treatment plant 
are monitored for radioactivity to ensure that 
radionuclides are not inadvertently discharged to 
the environment 

All wastewater, after appropriate treatment 
and monitoring, is discharged from the plant to the 
Great Miami River. Digested sludge from the 
sewage plant is managed as low specific activity 
(LSA) radioactive waste. LSA wastes are cur
rently being stored onsite pending acceptance of 
these wastes by the Nevada Test Site (NTS). NTS 
has established a rigorous waste certification 
protocol that must be followed before approval to 
ship the wastes is granted. Specific elements of 
the program include waste charactelization, a 
plan for waste certification, standard operating 
procedures, QA policies, and an acceptable appli
cation to ship the wastes. Mound expects to 
receive approval of the "Mound Plant Application 
to Ship Waste to the Nevada Test Site" during 
1992. All other solid low-level radioactive wastes 
generated at Mound are also stored onslte pending 
this approval. 

Nonradioactive solid wastes are disposed of 
according to a recycling and reclamation program 
whenever possible. White paper, scrap metal, and 
wood are sold for reclamation. General refuse is 
transported to a sanitary landfill approved by the 
county and the state. HazardoUs wastes are con
tainerized, manifested, and moved offsite by a 
waste disposal firm for treatment and/or disposal 
using EPA-approved procedures. 
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3.2.2 Environmental Restoration Program · 

The Mound Plant was designated as a Compre-.: 
hensive Environmental Response, Compensation, 
and Liability Act (CERCLA) National Priorities 
List (ie., Superfund) site. 1n November 1989 
(Environmental Protection Agency Administra
tive Docket Number: V-W-'90-C-075). Pursuant 
to that designation, a multi-year program of reme
dial investigation/feasibility studies (RI/FSs) and 
remediation is in progress. The DOE Environ
mental Restoration Program (ER Program) was 
established in 1984 to identify, assess, and reme
diate DOE sites at which residual contamination 
presents a human health and/or environmental 
risk. 

The ER Program includes the assessment and 
remediation of contaminated groundwater. The 
Mound Plant also has a Groundwater Protection 
Management Program (EG&G March 1990) that 
was established pursuant to DOE Order 5400.1. 
The Groundwater Protection Management Pro
gram Plan recognizes that "until assessment ·and 
remediation, if any, is completed, the RIIFS will 
comprise the major portion of groundwater pro
tection management at Mound Plant." Regarding 
annual reporting, the Program Plan states that: 

"During the completion of the ER 
Program a substantial amount of 
groundwater information and 
analytical data will be presented in 
ER Program reports, but will be 
referenced in the annual [environ
mental] report. However, some 
groundwater monitoring data will 
continue to be presented or sum
marized directly in the annual 
[environmental] report." 

The ER Program report (DOE December 1990) · 
completed in 1990 is a compendium of monitor
ing well geologic logs and contains a substantial 
amount of groundwater information. Also, an RI/ 
FS work plan for the Mound Plant was submitted 
to EPA and OEPA in April1990 for comment and 
regulatory review. The work plan was exten-

sively revised and submitted for final review in 
February 1992 (DOE February 1992). 'J;he plan 
contains a substantial discussion of prior ground
water monitoring. 

In addition to the above references, and as di
rected by DOE Order 5400.1, some groundwater 
monitoring data are presented or summarized in 
Section 6 of this report. The ER Program moni
tored groundwater elevations on a monthly basis 
from Feb~ary through October. Those water 
level maps are included in the RIIFS Site-Wide 
Work Plan (DOE February 1992a). 

The ER Program collected samples from moni
toring wells for analysis of various constituents, 
including volatile organics; semivolatile organics 
or base, neutral, acid extractables (BNA); pesti
cides and PCBs; explosives; metals; inorganic 
cations; inorganic anions; and radionuclides. The 
sample collection dates and results of the analyses 
m:e included in a DOE technical memorandum 
(DOE February 1992b). 

The remedial investigation for Mound has 
been divided into nine operable units to facilitate 
the management of the program. To date Oper
able Unit 1 ha& been the focus of groundwater in
. vestigations and addresses identified contamina-
tion of groundwater by all contaminants. The 
interpretation of the 1990 groundwater sampling 
and analysis will culminate in a remedial investi
gation report for Operable Unit 1. Preliminary 
technical memoranda presenting the data· were 
completed in 1991 (EG&G April1991). 

Preliminary interpretation of the 1991 ground-. 
water monitoring data indicates that VOCs are the 
primary contaminants of concern. Most of the 
other analyses indicated either the absence. of 
potential contaminants or the presence of natu
rally occurring substances within their expected 
normal concentrations. 

3.2.3 Self-Assessment Activities 

The Mound Plant is committed to continued 
improvement in the quantity and quality of re
views and audits j>erformed for the Plant's envi
ronmental programs. During 1991, a Perform-
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ance Assurance Audit Group reviewed Mound's 
radioactive waste management, hazardous waste 
management, and environmental permitting pro
grams. All three programs have been improved 
and expanded as a result of the audits. 

In 1991, the ES&H Department submitted the 
ES&H Self-AssessmentProgram Plan to DOE. A 
key element of this Plan is the Management 
Awareness Program. Monthly tours of work areas 

· are required and must be fully documented. This 
approach provides an effective yet reasonably 
informal inecharusin of addressing environmental 
concerns. Also as part of the Program, compre- -
hensive checklists will be made available to the 
managers and supe_rvisors to assist in the perform
ance and documentation of the assessments. 

· 3.2.4 Waste Minimization/Pollution Preven
tion 

Mound has established a Waste Minimization/ 
Pollution Prevention Program to reduce the total 
volume and toxicity of Mound's radio{lctive, 
hazardous, radioactive mixed, and solid waste 
streams. These goals will be accomplished by 
preventing waste generation, by recycling and 
reclamation, and, if appropriate, by treatment. 
The structure of the Program is detailed in Mound's 
Waste Minimization Plan, which is in final draft 
form and is expected to become an official Mound 
document in the near future. 

To ensure effective facilitation and implemen
tation of the Waste Minimization/Pollution Pre
vention Program, a Waste Minimization Commit
tee was formed in August 1991. The initial task of 
the Committee was to ensure completion of two 
pilot process waste assessments by September 30, 
1991. The assessments have been completed as 
has a Process Waste Assessment Plan, which 
provides the basic format for characterizing waste 
sources to identify waste minimization and pollu
tion prevention opportunities. 

Specific activities underway in 1991 included 
a pilot-scale high-grade paper and aluminum can 
recycling program, and offsite recycling programs 
for halogenated solvents, oils, lead-acid batteries, 
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and scrap metals. Long-term goals for the pro
grams are to continue to reduce waste generation, 
expand the nonhazardous waste recycling pro
gram, encourage the use of non-ozone-depleting 
chemicals and solvents, and to ensure employee 
awareness of these goals and the responsibilities 
they place on ·an personnel. 

3.2.5 Environmental Training 

Mound's environmental training activities con
tinued in 1991. SARA, RCRA, and waste mini
mization training modules were presented to all 
appropriate ·employees. Other environmental 
training completed in 1991 included environ
mental laws, hazardous communication, NEPA 
compliance, RCRA compliance, waste certifica
tion issues, asbestos abatement certification, and 
ES&H software quality assurance. · 

During 1991, specific emphasis was placed on 
Clean Air Act compliance. The legal counsel of 
Thomson,Hineand Flory was contracted by ES&H 
to present permitting requirements for air emis
sion sources. Based on those presentations, ap
propriate building managers and process opera
tors were advised of federal and state permitting 
requirements. This training wa5 provided to en
sure that the permit applications submitted to 
RAP<:A represented a comprehensive listing of 
all appropriate emission sources. 

3.2.6 Review of Monitoring Practices 

A comprehensive review of the radiological 
effluent and environmental monitoring practices 
in use at Mound was .conducted in 1991 (Bauer 
May 1991). Emphasis was placed on potential ex
pansions of the programs and on the role of res us
pension at the Plant. The radionuclides consid
ered included tritium (elemental), plutonium-
239,240, uranium-233,234, uranium-238, tho
rium-230, thorium-232, cobalt-60, cesium-137, 
and actinium-227. Dose contributions from these 
radionuclides were found to be negligible. Con
sequently, it was concluded from the study that 
additional continuous monitoring programs were 
not warranted at this time. 
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3~ 7 Environmental Permits 

Mound operates in compliance with six state 
air permits and one NPDES permit. Additionally, -
Mound' shazardous waste program operates under 
RCRA -interim status. A revised RCRA Part B 
application was submitted to OEP A in October of 
1991 (Table 3-3). 

Table 3-3. Environmental Permits Issued to Mound 

Operation Permit No. Valid Through 

Paint spray booth 0857091196K001 09/22192 

Open-top vapor 
de greaser 0857091196L001 01126193 

Open-top vapor 
de greaser 0857091196L002 01/26/93 

Asbestos-filled DAP 0857091196P006 06A>IJ92 

Open burning N/A 
(explosives disposal) letter permit 10/29/92 

Open burning N/A 
(fuefighter training) letter permit 10/29192 

Wastewater discharge NP1-I-OOOOOSCD 10/01/91 I 

(NPDES) 

Hazardous waste 
operations (RCRA) interim status N/Ab 

1 The NPDES permit renewal application was submitted to OEPA on March 27. 1991. 

Issuing Agency 

OEPA 

OEPA 

OEPA 

OEPA 

OEPA 

OEPA 

OEPA 

OEPA 

· b The Mound Facility is operating under interim status. The revised RCRA Part B application was submitted to OEP A 

on October 11. 1991. 
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4. ENVIRONMENTAL RADIOWGICAL PROGRAM INFORMATION 

SumiiUlTJ: Air was sampled D1 a network of onsite and ojjsite locations. Samples were analyzed 
for tritium oxide, plutonium-238, and plutonium-239,240. Concentrations of these radionu
clides were weU within applicable limits. Drinking water samples were collected from onsite 
wells, Miamisburg city water, and from private wells. These samples were analyzed for tritium, 
plutoriium-238, and uranium-233,234. Additional drinking water samples were collected at 
select locations. Drinking water samples from regional communities were analyzed for tritium; 
onsite well waters were tested for luanium-238. All values measured in these analyses were well 
within the applicable DOE DCGs or EPA standards. Water and silt salnples were collected from 
the Great Miami River. · Water samples were analyzed for tritium, plutonium-238, uranium-
233,234, and uranium-238; silt samples were evaluated for plutonium-238. Water and silt 
samples were also collected from other surface water locations in the area. The water samples 
were analyzed for tritium and pluntonium-238; the silt samples for plutonium-238. An 
additional component of Mound's radiological monitoring program is the collection of regional 
foodstuffs and vegetation samples. These samples were analyi.ed for. tritium and/or plutonium-
238. h '· 

4.1 AIR MONITORING PROGRAM 

4.1.1 Description of Monitoring Program 
... 

4.1.1.1 Effluent Monitoring 
Stacks that release radioactive materials at 

Mound are sampled continuously. Those areas in 
which a potential for unplanned releases exists are 
also monitored continuously with alarm systems. 

Tritium. In operational areas where a release 
potential exists, air in laboratories, storage areas, 
and ventilation exhaust stacks serving these areas 
is continuously monitored for tritium by ioniza
tion chambers that incorporate alarm systems. H 
a release occurs, these systems are designed to 
locate the source. In most situations, an effluent 
removal system and effluent containment system 
prevent or reduce the release of tritium to the 
atmosphere. 

Plutonium. In operational areas where a re
lease potential exists, ventilation air passes through 
a. minimum of two HEPA filters before discharge 
through the stack to the atmosphere. Fixed con
tinuous air samplers and continuous air monitors 
with alarm systems are used throughout the work 
areas to detect airborne p~utonium. These moni
toring systems have been designed to ensure that 
corrective action can be taken to prevent or reduce 
the release of plutonium to the atmosphere. 

-
4.1.1.2 Environmental Surveillance 

Onsite. A perimeter network consisting of five 
continuously operating, high-volume air samplers 
is used to assess further the effectiveness of stack 
emission control systems: The locations of the 

· .·. onsite samplers are shown in Figure 4-1. 

4-1 

. Offsite. The offsite air-sampling network (Fig
ure 4-2) consists of 15 continuously operating, 
high-volume air-sampling stations. Ten sampling 
stations are located within a 2.6 km ( 1.6 mi) radius 
of Mound. The distribution of these samplers is 
based on the maximum concentration predicted 
by a diffusion model developed for Mound 
(Eimutis and Mote, 197 6). The samplers are dis
tributed circumferentially around the site with a 
preponderance in the prevailing wind direction; 
i.e., the northeast quadrant Four samplers are 
located in or adjacent to population centers (108, 
110,11l,and 115). Theremainingsampler:(l19) 
is approximately 44.8 km (28 mi) from Mound in 
the least prevalent wind direction. This sampler 
receives no measurable contribution from Mound 
operations and is used to calculate environmental 
levels. The average annual radionuclide concen
trations from sampler 119 are subtracted from 
concentrations detected at other locations. The 
resultant values reflect Mound's contribution and 
are reported as "incremental" concentrations. 
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Figure 4-2. Offsite air sampling locations 

Operation. Two typeS of samples are col
lected at each sampling station. A particulate air 
sample is analyzed for plutonium-238 and pluto
nium-239,240. A second sample, collected from 
a bubbler sampler, is analyzed for tritium oxide. 

To monitor tritium and plutonium in offsite air, 
Mound has a contract with the Regional Air Pol
lution Control Agency (RAPCA). RAPCA col
lects the samples from Mound's offsite samplers, 
changes the filter papers and bubblers, and main
tains and calibrates the samplers. RAPCA then 
delivers the samples to Mound for analysis. For 
the onsite samples, Mound personnel are used to 
perfonn these tasks. 

The particulate sample for isotopic plutonium 
analysis is collected on a 200-mm diameter fiber-

glass disk by a continuously operating (24 hr/day, 
7 days/week) high-volume air sampler. The air is 
sampled at an average rate of 1.3 x 1()6 cm'/min ( 45 
ft3/min). The disk is changed weekly and repre
sents a sample of approximately 13,000 m' of air. 
Individual sample flow rates are used to calculate 

. concentrations at each location. Plutonium analy
ses are perfonned. on a mouthly composite for 
three sampling locations ( 122, 123, and 124), and 
on quarterly composites for the other offsite loca
tions. Theanalyticalschemeforplutonium incor
porates the following basic steps: use of an 
internal tracer, chemical treatment, separation of 
plutonium with anion exchange resin, and alpha 
spectrometry. 
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The gas bubbler sample for tritium oxide analy-
sis is also collected on a continuous basis by 
bubbling air at approximately 3 x 10' cm'/min 
through 200 mL of ethylene glycol Ethylene 
glycol is used because it eliminates the evapora
tion and freezing problems associated with sample 
collection (Sheehan et a1,1975). Tritium oxide in 
the air collects in the solution. A sample repre
senting 30 m3 of air is collected, and an aliquot 
representing 0.6 m' is counted in a liquid scintil
lation spectrometer. 

Tritium oxide rather than elemental tritium is 
sampled and analyzed because the dose that would 
result from a given release of tritium oxide would . 
be 25,000 times greater than from the same release 
of elemental tritium. 

4.1.2 Applicable Standards 

The guides for concentrations of radionuclides 
in air are given in DOE Order 5400.5. niese 
guides are based on recomrilendations in Publica
tions 26 and 30 of the International Commission 
on Radiological Protection (1977; 1979). The 
guides for radioactive concentrations are desig
nated as DCGs. The DCG for a radionuclide is 
defined as the concentration of that radionuclide 
that will give a 50-year committed EDE of 100 
mrem (1.0 mSv) if taken into the body through 
ingested water or inhaled air. 

The revised DOE standards also include the 
EPA National Emission Standards for Hazardous 
Air Pollutants (NESHAPs), "Standards for Radi
onuclides ( 40 CFR 61, Subpart H)," which apply 
to DOE facilities. The NESHAPs standards state 
that radioactive air emissions shall not result in an 
EDE greater than 10 mrem (0.1 mSv) per year to 
any member of the public. 

4.1.3 Results 

.. 
Stack emissions during 1991 contained 1232 

Ci of tritium, 1.5 x 10·' Ci of plutonium-238, 5.5 
x 1~ Ci of plutonium-239,240, 2.8 x 10-a Ci of 

.> 

uranium-233,234and2.3 x lQ-&Ciofuranium-238 
(Table E-1). Foruranium-233,234 and uranium-
238 emissions were 5.8 x 1 {)-9 and 1.1 x 1(}-4 pglmL. 
respectively. 

The 1991 emissions can be compared to the 5-
year trend data presented in Figures E-2 to E-9. 
Tritium ranged from a high in 1989 of 41,534 Ci 
(due to an accidental release) to the 1991 low of 
1,232 Ci. Plutonium-238 ranged from 3.5 x 10-cs Ci 
in 1989 to 1.8 x 1G-5 Ci in 1990, and plutonium-
239,240 from 3.8 x 10·' Ci in 1988 to the 1991low 

. of 5.5 x 1()-& Ci. Uranium-233,234 ranged from 
5.6x 1~Ciin 1987to2.2x IO-~Ciin 1988. None 
of the 1991 values represent an increase in the 5-
yeartrends, and two values represent 5-year lows. 

Concentrations of tritium, plutonium-238, and 
plutonium-239,240 measured at offsite and onsite 
locations are shown in Tables 4-1 through 4-3. 
Because ~e stack emissions of uranium-233,234 
and uranium-238 are so low and their contribu
tions to the dose are negligible, these radionu
clides are not monitored at the air sampling loca
tions. 

Concentrations of plutonium-238 at offsite lo
cations ranged from below the environmental 
level to 50.58 x 1Q-11 J.LCilmL (Table 4-1). The 
average incremental offsite plutonium-238 air 
concentration for all locations was 1.68 x 10·11 

J.LCilmL. which is ~.006% of the DOE DCG. 
· Plutonium-238 concentrations onsite ranged from · 

1.2 to 69.36 x 10·11 J.LCilmL (Table 4-1). The 
average incremental plutonium-238 concentra
tion measured for all·onsite locations was 13.88 x 
1G-11 J.LCilmL, which is 0.05% of the DOE DCG. 
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Offsite concentrations of tritium oxide ranged 
from below the environmental level to 74.37 x 
1Q-12 J.LCilmL (Table 4-2). The average in~
mental concentration of tritium oxide measured 
for all offsite locations was 4.32 x 10·12 J.LCilmL. 
This concentration is 0.004% of the DOE DCG. 
Onsite tritium oxide concentrations ranged from 
below the environmental level to 112.61 x 10·12 

J.LCilmL (Table 4-2). The average incremental 
concentration of tritium oxide _in air at onsite 
sampling locations was 15.95 x 10·12 J.LCilmL, 
representing 0.02% of the DOE DCG. 
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Concentrations of plutonium-239,240 meas
ured at offsite locations ranged from below the en
vironmentallevel to 0.33 x lfr11 JJ.Ci/mL (Table 4-
3). The average concentration of plutonium-
239,240 for all offsite locations (Table 4-3) was 
not above environmental levels. Onsite concen-

EIJl'ironmeiUIJl Monitoring at Mound 

trations of plutonium-239,240 in air ranged 
from below the environmental level to 0.89 x 
lQ-18 JJ.Ci/mL (Table 4-3). The average onsite 
concentration ofplutonium-239,240 was 0.002 x 
lQ-18 JJ.CilmL. This average is 0.00001% of the 
DOEDCG. 

.. 
~ . -~ 

Table 4-1. Incremental Concentrations • of Plutonium-238 
. · ·· ·· in Air at Sampling Locations in 1991 

Number Plutonium-238 Average as a 
of (10·" ~Ci/mL} percent of 

Location* Samples Minimum MaxiDDlDl Average b.c OOEDCGd 

.QfWl£ 

101 4 0.2 .. 0.73 ... 0.42±0.53 0.001 
102 4 0.58 2.88 1.77 ± 1.61 0.006 
103 4 1.05 3.51 2.5 ± 1.72 0.008 
104 4 0.31 6.33 2.59±4.39. 0.009 
105 4 0.04 2.63 0.88± 1.93 0.003 
108 4 -0.18 0.05 -0.11 ±0.42 e 
110 4 -0.45 0.1 -0.19±0.53 e 
111 4 . -0.25 0.48 0.12±0.63. 0.0004 
112 4 -0.18 0.72 0.06 ±0.81 0.0002 
115 4 -0.16 0.32 -0.01 ±0.52 e 
118 4 -0.07 5.05 1.5 ±3.87 0.005 
122 12 -0.52 2.71 1.34±0.79 0.004 
123 12 -0.01 6.1 2.63 ± 1.11 0.009 
124 12 ·0.01 50.58 . 10.01 ± 9.18 0.03 

Qmi1£ 

211 12 4.9 49.72 15.73 ±7.81 0.05 
212 11 1.29 9.16 4.92± 1.75 0.02 
213 12 12.14 69.36 ·34.23 ± 10.9 0.11 
214 12 2.27 24.65 7.7±3.75 0.03 
215 12 1.2 27.73 6.82±4.78 . 0.02 

• Average environmental level (el.) shown in Table 3-2 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

c LDL for ~mnthly values of plutonium-238 in air is 0.7 :ll10·11 JLCi/mL; for quarterly values, 0.2 x 10·11 JLCilmL. 
d DOE DCG for plutonium-238 in air is 30,000 x 10·18 JLCi/mL. 
c Below environmental level. 
* Offsite sampling locations shown on Figure 4-2, p. 4-3. 

Onsite sampling locations shown on Figure 4-1, p. 4-2. 
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Table 4-2. Incremental Concentrations • of Tritium Oxide 
in Air at Sampling Locations in 1991 

Number Tritium Oxide 
of ~1Q-12 !:!:Cilmq· 

Location* Samples Minimum Maximum·· · Average b.c 

~ 

101 50 . -5.46 31.14 6.85 ±2.47 
102 . 52 -11.16 27.79 8.27.±2.44 
103 52 -13.2 20.2 5.83 ±2.29 
104 . 52 -9.66 22.43 3.45 ± 1.98 
105 52 -10.3 32.85 4.52 ±2.46 
108 52 -10.61 12.79 1.74± 1.84 
110 52 -13.2 20.88 . 0.7±2.04 
111 50 -11.34 11.42 0.44± 1.79 
112 51 -6.64 13.43 2.02± 1.67 
115 52 -12.7 12.93 0.58± 1.83 
118 52 -10.25 24.59 2.76 ± 1.81 
122 51 -4.1 25.63 7.39±2.45 
123 52 -4.21 1431 9.06±3.76 
124 51 -12.85 40.5 6.93 ±2.61 

-~ 

211 51 -0.35 42.41 11.65 ±3.35 
212 49 -4.93 54.88 13.05 ±3.18 
213 50 10.04 112.61 38.91 ±6.53 
214 51 -3.06 28.69 9.97±2.66 
215 51 -9.88 31.45 6.18 ± 2.66 

• Average environm=ntallevel (eJ.) found in Table 3-2 subtracted from the data. 

Average as a 
Percent of 

OOEDCGd 

0.007 
0.008 
0.006 
0.003 
0.005 
0.002 
0.0007 
0.0004 
0.002 
0.0006 
0.003 
0.007 
0.009 
0.007 

0.01 
0.01 
0.04 
0.01 
0.006 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

c LDL for tritium oxide in air is 16 x 10·12 JJ.CilmL. 
d DOE DCG for tritium oxide in air is 100,000 x 10·12 JJ.CilmL. This value has been adjusted to incl•1-..'ie the fraction 

of tritium oxide which is absorbed through the skin as part of the inhalation pathway. 
"' Offsite sampling locations shOwn on Figure 4-2, p. 4-3. 

Onsite sampling locations shown on Figure 4-1, p. 4-2. 
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· Location• 

~ 

101 
102 
103 
104 
105 
108 
110 
Ill 
112 
115 

. 118 

122 
123 
12A 

~ 

211 
212 
213 
214 
215 

........... 

Table 4-3. Incremental Concentrations • of Plutonium-239,240 
in Air at Sampling Locations in 1991 

Number. 

of 
Samples 

4 
4 

·4 
4 

4 
4 
4 
4 
4 

4 
4 

12 
12. 
12 

12 
11 
12 
12 
12 

Minimum 

-0.14 
-0.1 
-0.02 
-0.07 
-0.05 
-0.04 

- -0.01 
-0.28 
-0.09 
-0.35 
-0.13 
-0.35 
-0.3 
-0.51 

-0.42 
-0.47 
-0.37 
-0.27 
-0.34 

Plutonium-239.240 
(10·18 J1Ci/mL) 

Maximum 

0.02 
0.04 . - . --

0.04. 

0.03 
0.03 
0.04 
0.08 
0.1 
0.09 

-0.02 
-0.01 
0.17 
0.33 
0.27 

0.46 
0.3 
0.89 
0.43 
0.17 

-

Average b.c 

. -0.05 ± 0.15 
. -0.05 ± 0.15 

0.01 ±0.11 
-0.01 ±0.12 
-0.01±0.12 
-0.01 ±0.12 

. 0.03±0.12 
-0.05±0.28 

. -0.04 ± 0.17 

-0.11 ±0.27 

... -0.06±0.13 
-0.08±0.14 
0.01 ±0.16 

-0.02±0.18 

0.1 ±0.22 
-0.04±0.18 
0.03±0.~ 

-0.05 ±0.18 
-0.03±0.13 

• Average environmental level (eJ.) found in Table 3-2 subtracted from the data. 

Average as a 
percent of 

DOEDCGd 

e 

... e 

0.00005. 
. e 

e 

e 

0.00015 
e 

e 

e 

e 

e 

0.00005 
e 

- . 

0.0005 
e 

0.00015 
e 

e 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c: LDL for monthly values of plutonium-239.240 in air is 0.3 x 10·11 J1Ci/mL. LDL for quarterly values of plutonium-

239.240 in air is 0.1 x 10·11 J1Ci/mL. · 
4 DOE DCG forplutonium-239.240 is 20.000 x 10·11 JLCilmL. 
• Below environmental level. · 
* Offsite sampling locations shown on Figure 4-2. p. 4-3. 

Onsite samplin8locations shown on Figure 4-1. p. 4-2 . 
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4.2 SURFACE WATER/SEDIMENT/ 
GROUNDWATERMONITORINGSYSTEM 

4.2.1 Description of Monitoring Program 

4.2.1.1 Effluent Monitoring -
Flow-proportional samples were collected from -

radiological and NPDES effluent sampling loca
tions 5002,5601, and 5602 (Figure 4-3). Samples 
were collected four times· during the four-day 
workweek: three 24-hour samples collected on 
Tuesdays, Wednesdays and Thursdays; and one 
96-hour sample collected on Mondays. Samples 
were analyzed four times a week for tritium and . 
were composited weekly and analyzed for pluto
nium-238, plutonium-239,240, and uranium-
233,234. 

4.2.1.2 Environmental Surveillance 
Water sampling locations along the banks of 

the Great Miami River were selected according to 
guidelines recommended by EPA ( 1972). The lo
cations, shown in Figure 4-4, provide samples that 
are representative of river water after consider
able mixing of the effluent from Mound has oc
curred. Water samples were collected at these 
locations and analyzed weekly for tritium and 
monthly for plutonium-238, uranium-233,234, 
and uranium-238. 

Seven additional surface water locations, such 
as ponds, in all quadrants surrounding Mound, as 
shown in Figure 4-4, were sampled quarterly for 
plutonium and tritium analyses. 

Drinking water from communities in the sur
rounding area was sampled and analyzed monthly 
for tritium. These communities and their relative 
locations are shown in Figure 1-2. Drinking water 
from privately-owned wells was also analyzed for 
tritium. A privately-owned well and Miamisburg 
city wearer were sampled and analyzed for pluto
nium-238, uranium-233,234 and uranium-238. 

Weekly samples from onsite wells were ana
lyzed for tritium. Monthly samples from these 
same wells were analyzed for plutonium-238, 
uranium-233,234 and uranium-238. 

4-8 

Silt samples were collected from the river and 
pond locations shown in Figure 4-4 and analyzed 
quanerlyforplutonium-238. Scoop samples were 
collected to an approximate depth of 2 em and 
then dried in an oven prior to analysis. 

4.2.2 Applicable Standards 

DOE Order 5400.5 establishes radiation dose 
limits for the general public as well as DCGs for 
discharges of radioactively contaminated liquids 
to surface waters. The DCG for ingested water is 
the concentration of a radionuclide in water that, 
under conditions of continuous exposure for one 
year, would result in an effective dose equivaleP.i. 
of 100 mrem (1.0 mSv). 

The radiation exposure limits defined in DOE 
Order 5400.5 are an EDE of 100 mrem/year (1.0 
mSv/year) from all exposure pathways. The older 
specifies that DOE drinking watersystenis should 
comply with the requirements of 40 CFR 141 and 
shall not cause persons consuming the water tore
ceive an effective dose equivalent greater than 4 
mrem (0.04 mSv). The Order further specifies 
that the dose limit is an annual limit of 4% of the 
appropriate DCG value averaged on the basis of 
monthly measurements. · 

EPA has promulgated maximum contaminant 
levels (MCLs) for radionuclides in community 
water systems which appear in two forms:. con- · 
centration limits for certain alpha-emitting radi
onuclides (40 CFR 141.15) and an annual dose 
limit for the ingestion of certain beta- and gamma
emitting radionuclides (40 CFR 141.16). EPA 
specifies 20,000 pCi/L for tritium. For the other 
radionuclides included in this report, the annual 
dose equivalent shall not exceed 4 mrem (0.04 
mSv). This is equivalent to a conce~tration that is 
4% of the DOE DCG. H two or more radionu
clides are present, the sum of their annual dose 
equivalent to the total body or to any organ shall 
not exceed 4 mrem (0.04 mSv)/year. 
· There are no applicable standards for radionu

clide concentrations in silt or sediment. 

• 

•• 

• 
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Enviroriminiizl Monitoring ;it Mound : 

D 2 s • ----... 
2 S ·. • ' I 6 ---------

RIVER 
0 1.2.3 • .4.5.6 

• SURFACE WA1m (PONOS) 
11. 12. 13. 1.4. 15. 16. 17 

Figure 4-4. Sampling locations for river water, surface water, and private wells 
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4.2.3 Re,mlts 
~. . ... ..... -. . •: ... · 
The total ~~e.s to the _Great Miami River 

during 1991. consisted-of. ~~2 Ci .of tritium, 4.5 x . 
~~-ciofpluro~238,3.4x t~cfoturani~. 
233,234, and 9.7 x 1{)-6 Ci of plutonium-239,240 
(Table E-1). The 1991 discharges can be com
pared to the 5-yeartrend data presented in Figures 
E-2 to E-9. Tritium ranged from 5. 7 Ci in 1989 to 
the 1991 low of 3.2 Ci .The 5-year range for 
plutonium-238 was 1.4 x 10·3 Ci in 1989 to the 
1991 low of 4;5 x 10-4 Ci Uranium-233,234 
ranged from 4.5 x 10-4 Ci in 1990 to 3.2 x 10-4 Ci 

• ... ... ~ t. 

Environmentlll Monitoring at Mound 

in 1987. Plutonium-239,240 rangect from 2.7 x 
10'' to 4.1 x 1{)-6 Ci None_ of the 1991 values 
represented an increase in die 5-year trend, and 
two, tritium and plutonium-238, represented 5-
yearlows. 

The average incremental concentration of trit
ium measured at all locations in the Great Miami 
River was 0.02 x 1{)-6 ~CilmL, 0.001% of DOE 
DCG. Concentrations at each location are sum
marized in Table 4-4. 

Table 4-4. Incremental COncentrations • of Tritium 
.in the Great Miami River in 1991 

- . .....,_._ ... ...._ .. -- - ,.._ ... " .............. 
- ~ ' I 

Number ). . Tritium Average as a 
of (lQ-6 ~CilmL) Percent of 

Location* Samples Minimum Maximum Average b,c OOEDCGd 

- --- .. -.... ~ ~._ . ., __ .. ··-
1 51 -0.38 0.27 0.02±0.1 0.001 . 
2 51 -0.35 0.41 -0.003 ±0.1 e 

-.. 
3 51 -0.28 0.21 0.01 ±0.1 0.0005 ..... 

4 51 -0.46 0.34 • - 0.04±0.1 . 0.002· . 
5 51 -0.27 0.29· . . ·0.02±0.1 0.001" :~- . 

' . - : 

a Average environmental level (eJ.) found in Table 3-2 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

c LDL for tritium in water is 0.5 x 10.6 ~CilmL. 

d DOE DCG for tritium in water is 2.000 x 10~ ~CilmL. 
e Below environmental levels. 
* Sampling locations shown on Figure 4-4, p. 4-10 . 

- - - . -- . . -
~- ·-- ~ ....... _ ......... -.~-:..·....,.~ .· . - . .... ... ,. . .. ..... - ... - •. ·.-:. 
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Water samples collected and analyzed for plu- _ 
tonium-23~ on a J_IlOnthly basis showed the aver- · 
age in~mental concentration measured for all 

locations in the Great Miami River was 0.07 x 
1{)-12 J.1CilmL, which is 0.0002% of the DOE DCG. 
Concentrations at each location are summarized 

. . 
in Table 4-5. - ~-

Location* 

1 
2 
3 
4 
5 

· .. : 

J . : 

-~--

Table 4-5. Incremental Concentrations • of Plutonium-238 
in the Great Miami River in 1991 

Number Plutonium-238 
of (10"12 JJ.Ci/mL) 

Samples Minimum Maximum Average b.c 

12 -12.76 4.72 0.22±3.86 
12 -10.74 3.97 -0.71 ±3.67 
12 -11.79 6.39 -0.51 ± 3.69 
12 -6.99 - 5.91 0.81 ±3.56 
12 -11.0 10.66 0.52±4.46 

• Average environmental level (eJ.) found in Table 3-2 subtracted from the data. 

Average as a 
Percentofd 

DOEDCG 

0.0006 
e 

e 

0.002 
0.001 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for plutonium-238 in river water is 21.3 x 10·12 JJ.CilmL. 
d DOE DCG for plutonium-238 in water is 40,000 x 10·12 J.LCilmL. 
• Below environmental level. 
• Sampling locations shown on Figure 4-4, p. 4-10. 
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River water was sampled foruranium-233,234, 
and uranium-238 during 1991, and results are 
shown in Table 4-6. The average incremental 

l ,,, -~ 

Environm~niDJ Mo~ring at MouNi-: 

concentration for uranium-233,234 was 0.01 x 
1 (}' J.LCilrnL, 0.002% of the DOE DCG; uranium-
238 did not exceed environmental levels. 

. . 

Table 4-6. •ncremental Concentrations • of Uranium-233, l34 and Uranium-238 
in the Great Miami River in 1991 

• Average environmental level (eJ.) found in Table 3-2 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence leveL 
c LDL for uranium-233,234 is 0.04 x 10-9 tJ.CilmL. The LDL for uranium-238 is 0.03 x 10-9tJ.CilmL. 

d DOE DCG for uranium-233,234 in water is 500 x 10-9tJ.CilmL. The DOE DCG foruranium-238 is 600 x 10·9 JLCi/ 
mL. 

e Below environmental level. 
• Sampling locations shown on Figure 44, p. 4-10. 

Concentrations of tritium and plutonium-238 
in ponds offsite are shown in Tables 4-7 and 4-8, 
respectively. The average concentrations of trit
ium for all locations was 0.09 x lQ-6 )J.CilmL, 

representing 0.005% of the DOE DCG. · The 
average concentration of plutonium-238 was 0.37 
x 1(}12 J.LCilmL, 0.0009%.ofthe D<?,E DCG ... 
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- ~·-·--Table 4-7. Incremental Concentrations •of Tritium 
in Surface Water in 1991 

Number Tritium Average as a 
of (l~~Ci/mL) Percent of 

Location* Samples Minimum Maximum Average b.c: DOEDCGd 

11 4 -0.13 . 0.29 0.11 ±0.34 0.006 
12 4 -0.06 0.17 0.06±0.24 0.003 
13 4 -0.07 0.15 0.03 ±0.24 0.002 
14 -3 0.04 .............. . 0.35. 0.24±0.47 0.01 
15 4 -0.05 0.31 0.08±0.32 0.004 
16 4 -0.16 0.21 - --· -0.01 ±0.34 e 

17 4 0.08 0.2. 0.14±0.21 0.007 -· 

a Average environmental level (el.) found in Table 3-2 subtracted from the data. 

b Elror limits are estimates of the standard etror of the estimated means at the 95% confidence level. 

c LDL for tritium in surface water is 0.4 x 10"' JlCi/mL. 
d DOE DCG for tritium in water is 2.000 x 10"' J.LCilmL. 
e Below environmental level. 
* Sampling locations shown on Figure 4-4, p. 4-10. 

Table 4-8. Incremental Concentrations • of Plutonium-238 
in Surface Water in 1991 

Number Plutonium-238 
of (lQ-12 ~Ci/mL) 

Location* Samples Minimum Maximum Average b.c: 

11 4 -5.43 6.78 0.49±8.34 
12 4 -2.68 0.78 -0.77±3.44 
13 4 -0.7 3.88 1.11 ± 3.98 . 
14 3 -2.38 2.73 0.17±5.25 ..... 
15 4 -0.66 2.58 0.35±338 
16 4 -2.4 2.25 0.03±433 
17 4 0.67 1.73 1.23 ± 2.51 .:. 

a Average environmental level (el.) found in Table 3-2 subtracted from the data. 

Average as a 
Percent of 

DOEDCGd 

0.001 
e 

0.003 .. 
0.0004 
0.0009 
0.0001 
0.003 

b Error limits are estimates of the standard etror of the estimated means at the 95% confidence level. 

c LDL for plutonium-238 in surface water is 12.0 x 10·12 J.LCi/mL. 

d DOE DCG for plutonium-238 in water is 40,000 x 10·12 J.LCi/mL. 
e Below environmental level. 
* Sampling locations shown on Figure 4-4, p.4-10. 
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- Tritiwn concentrations in community drink
ing water samples are summarized in Table 4-9.~
The average concentration of tritium in commu- . 
nity drinking water was below the value of the · 
reagent blml:k (Table ~9). The en~onme~tal 

--": 

:;., 

Environmenttzl Monitoring Ill Mound 

levelfortritiumin water shown in Table 3-2is not 
subtracted from these data because the EPA stan
dard assesses total concentration including back
ground. 

Table 4-9. Tritiu~ Concentrations. • in eommunity ~rinking Water in 1991 

Average as·a 
Number Tritium Percent 

of (l~~CilmL) . ·- ofEPA · 

Location* Samples Minimum Maximum Average b,c · Standard 

.... 4 0 ·-~--

Bellbrook 12 -0.36 
~ 

-0.04 -0.15 ±0.06 d 

Centerville 12 -0.32 0.04 -0.17±0.06 -- d 

Dayton 12 -0.29 -0.02 -0.16±0.06 d 

Franklin 12 . -0.19 0~03 -0.08 ± 0.04 . d 

Germantown 12 -0.33 <. -0.06 -0.18 ± 0.05 .. d 

Kettering 12 -0.43 0.05 -O.i6±0.08 d 

Miamisburg 12 0.13 0.67 0.43 ±0.11 2.2. 
Middletown 12 -0.32 -0.01 -0.15 ±0.06 d 

Moraine 12 -0.37 -0.03 -0.16±0.06 d 

Springboro 12 -0.23 0.14 -0.05 ±0.06 d 

Waynesville 12 -0.28 -0.05 . : -0.18 ±0.04 . d 

West Carrollton . 12 -0.22 -0.02 -0.13 ±0.03 d" 
.. '"" - ... -

• Average environmental level ( el.) not subtracted from the data. The EPA standard of 20 x 10 -6 JJ.Ci/mL assesses total 
concentration including background. -

b Error limits are estimates of the standani error of the estimated means at the 95% confidence level. 

c LDL for tritium in community drinking water is 0.4 x 10-6 JJ.CilmL. 

d Below reagent blanks. 
* Sampling locations shown on Figure 4-4, p. 4-10 . 
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The average concentration of tritium for all 
privately-owned ~ells was 1.88 .x 10~ jJ.Ci/mL, 
which is 9.4% of the EPA Standard. These data 
are shown in Table 4-10. Tritium coneentriltions 

in onsite drinking water wells (Figure 4-5) ranged 
from 0.4 x 10-6 J.LCilmL to 4.6 x 1Q-6 J.LCilmL 
(Table 4-11). The average concen~on of trit:- .. 
ium in Mound's onsite wells was 2.5 x 10-6 J.LCil· 
mL, which is 12.5% of the EPA Standard 

Table 4-10. Tritium Concentrations • in Privately-owned Wells in 1991 

Average as a 
Number Tritium Percent 

of (1~J.1CilmL) of EPA 
Location* Samples Minimum Maximum Average S:c Standard d 

J-1 e 12 0.87 1.65 1.35 ±0.14 6.8 
B-H 7 1.95 2.59 2.25 ±0.18 11.3 
B-R 6 2.71 4.47 3.59±0.65 18.0 
Tr-1 e 12 0.1 0.44 0.31 ±0.07 1.6 

a Average environmental level (e.l.) not subtracted from the data. The EPA standard of20 x 10-4 J.1Ci/mL assesses total: . 
concentration including background 

b Locations B-1 through B-3 are no longer used as drinking water sources; therefore sampling has been suspen~ . 

c Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

d LDL for tritium in privately-owned well water is 0.6 x 10-4 J.1CilmL. 

e Private drinking water supply well. 
"' Sampling locations shown on Figure 4-4, p. 4-10. 

. . 
Table 4-11. Tritium Concentrations • in Onsite Wells in 1991 

.Average as a 
Number Tritium Percent 

of (10-4 J.1Ci/mL) of EPA 
Location* Samples Minimum Maximum Average S:C Standard 

.. 
Well No.1 51 2.1 4.6 3.5 ±0.2 17.5 
Well No.2 so 1.5 3.7 2.5±0.2 12.5 
Well No.3 34 0.4 3.4 1.5±0.2 -7.5 

a Average environmental level ( e.l.) not subtracted from the data. The EPA standard of 20 x 10 -4 JJ.Ci/mL assesses total 
concentration including background 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

c LDL for tritium in onsite well water is 0.5 x 10• J.1CilmL. 
• Sampling locations shown on Figure 4-5, p. 4-17. 
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Figure 4-S. Location of onsite production wells 
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Concentrations of plutonium-238 in privately
owned wells are shown in Table 4-12. The aver
age plutonium-238 concentration for these loca
tions was 0.31 x 10·12 J.LCi/mL, 0.02% of the DOE 

DCG. Concentrations in onsite well water (Table 
4-13) averaged 1.15 x 1Q-12 J.LCi/mL, 0.07% of the 

··standard for that radionuclide in drinking water of 
4% of the DOE DCG. 

, .. 
Table 4-12. Plutonium-238 Concentrations in Privately-owned Wells and Miamisburg 

Municipal Drinking Water in 1991 · · 

Number Plutonium-238 Average as a 
of (lQ-12 ~Ci/mL) Percent of 4% 

Location* Samples Minimum Maximum Average a.b DOEDCGC 

Miamisburg 12 -4.73 9.3 0.47 ±2.41 0.03 
J-1 d 12 -4.06 11.85 0.15,±2.89 0.009 

• Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
b LDL for ph,Itonium-238 in drinking water is 17.4 x 10·12 }lCi/mL. 

c 4% of DOE DCG for plutonium-238 in drinking water is 1600 x 10·12 J.LCi/mL. 
d Private drinking water supply well. 
* Sampling locations shown on Figure 4-4. p. 4-10. 

Location* 

Well No.1 
Well No.2 
Well No.3 

Table 4-13. Plutonium-238 Concentrations in 
Onsite Well Water in 1991 

Number Plutonium-238 
of oo-u J.LCilmL) 

Samples Minimum Maximum Average a.& 

12 -4.48 8.7 2.15 ±2.63 
12 -8.08 11.17 0.72±3.06 
9 -3.65 9.23 0.59±2.79 

Average as a 
Percentof4% 
DOEDCGC 

0.13 
-0.05 
0.04 

• Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
b LDL for plutonium-238 in drinking water is 17.4 x 10·12 }lCi/mL. 

c 4% of the DOE DCG for plutonium-238 in drinking water is 1600 x 10·12 }lCilmL. 
* Sampling locatio~ shown on Figure 4-5. p. 4-17. 
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... 

Uranium concentrations in Miamisburg~~ 
ing water and a privately-owned well used for 
drinking water for 1991 are given in Table 4-14. 
The average concentration 9f uranium-233,234 

was 0.32 x l{)-9J.LCilmL. This represents 1.6% of 
4% of the DOEJDCG standard. The average con
centration of uranium-238 was 0.28 x 10-9 J.LCil 
mL, 1.17% of 4% of the DOE DCG standard 

Location* 

Miamisburg 
J-1 

Location* 

Miamisburg 
J-1 

.. "'" 7 -- -- -::,.,. - •- ~ • - - ~-

Table 4-14. Uranium-233, 234 and Uranium-238 Concentrations 
in a Privately-owned Well and Miamisburg 

- -· . · ·_ Municipal Drinking Water in 1991 

Number Uranium-233.234 Average as a 
of ~1()-9 ~Cilmq Percent of 4% 

Samples Minimum .Maximum Average a.b DOEDCGC -

12 0.22 . 0.62 0.45 ±0.07 -- 2.3 
12 0.16 0.26 0.19±0.02 1.0 

Number Uranium-238 Average as a 
of (lo-tl!:Ci/mL) Percent of 4% -

Samples Minimum Maximum · Average b.c. DOEDCGC 

12 0.2 0.58 0.39±0.06 1.6 
12 0.13 0.2 0.16 ±0.02 0.7 

• Error limits are estimates of the standard enor of the estimated means at the 95% confidence level. 

b LDL for nxmthly uranium-233.234 is 0.03 x 10 .. ~Ci/mL. The LDL for uraniwil-238 is 0.03 x 10 .. ~Ci/~ 

c 4%oftheOOEDCGforuranium-233.234indrinkingwateris20x 10 .. ~Ci/mL. 4%oftheOOEDCGforuranium-
238 in drinking water is 24 x 10-9 ~Ci/mL. ·-

• Sampling locations shown on Figure 4-4. p. 4-10 . 
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.. . ~ . . -

_ Concentrations of uranium-233,234, and 238 VOC contamination. The average concentration 
inonsitewellsareshowninTable4-15. WellNos. 
2 and 3 are sources of onsite drinking water. Well -
No. 1 has been used sparingly for the past several 
years because it is nearest a suspected source of 

ofuraniUm-233,234was0.21 x 1Q-9J.LCilmL, 1.05% 
of 4% of the DOE DCG standard. The average 
concentration of uranium-238 was 0.18 x 10"' 
J.LCilmL, 0.75% of 4% DOE DCG standald. · 

Location* 

WellNo. 1 
Well No.2 
Well No.3 

Location* 

Well No.1 
Well No.2 
Well No.3 

Table 4-15. Uranium-233, 234 and· 
Uranium-238 Concentrations in Onsite WeD Water in 1991 

Number UraniWir 233.234 ·.Average as a 
of (lQ-9 ~CilmL) Percent of 4% 

Samples Minimum Maximum Average a.b DOEDCGC 

12 0.12 0.23 0.19 ±0.02 1.0 
12 0.17 0.28 0.21 ±0.02 1.1 
8 0.15 0.26 0.22±0.03 1.1 

Number Uraniunr238 Average as a 
of (10-9 ~CilmL) Percent of 4% 

Samples Minimum Maximum Averagea.b DOEDCGC 

12 0.11 0.21 0.17±0.02 0.7 
12 0.15 0.25 0.19±0.02 0.8 
8 0.12 0.21 0.19 ±0.02 0.8 

• Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

b LDL for JDlnthly uranium-233.234 is 0.03 x I0·9 1J-CilmL. The LDL for uranium-238 is 0.03 x IO"!J-CilmL. 

.. 

c 4% of the DOEDCG foruranium-233.234 in drinking water is 20 x I0-9 1J-Ci/mL. 4% of the DOEDCG foruranium-
238 in drinking water is 24 x 10·9 IJ-CilmL. 

• Sampling locations shown on Figure 4-5. p. 4-17. 
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Environinental Monitoring at Mound 

· -. The results of analysis of the silt samples are in· 
Tables 4-16 and 4-17. The average concentration 

I -' f ' ' " •' • ." • ' -- • . ~ •. • • 

of plutonium-238 in river silt was 24.18 x 10-9 · 
·~ ~Cilg. The average~ concentration of plutonium-

238 in silt at other surface water locations was 
... •. -- .-·-'...J -.;._ .. : !.!•·· 

0.93 x 10-9 ~Cilg. The overall average value, as 
well as the individual average values for the five 
locations, does not indicate a significant impact~ 
on the environment. · · · · · 

-.. Table 4-16. Incremental Concentrations • ofPlutonium-238 in 
"':-:-, : .. · ~ . - , Silt from River SampUng Locations in 1991 

:-<; ,_. 

Number Plutonium-238 
of OQ-9 ~cils) 

Location* Samples Minimum Maximum Average b,c 

1 4 -0.37 11.96 4.55 ±8.98 
2 4 6.99 19.13 13.25 ±8.03 
3 4 15.42 47.9 26.8±23.59 
4 4 42.05 143.83 71.65 ± 77.47 
5 4 3.25 5.33 4.63 ± 1.9 

•. Average environmental level (el.) found in Table 3-2 subtracted from the data. 

b Error limits are estimates of the standard eiTOr of the estimated means at the 95% confidence level. 

c LDL for plutoniwri-238 in silt is 28 x 10-9 ~Cilg . 
* Sampling locations shown on Figure 4-4, p. 4-10. 

Table 4-17. Incremental Concentrations • ofPiutonium-238 in 
Silt from Surface Water Locations in 1991 

Number Plutonium-238 
of (lQ-9 ~Cilg) 

Location• Samples Minimum Maximum Average &;c 

11 4 -0.46 2.8 0.8±2.62 
12 4 -0.52 1.24 0.35 ± 1.88 
13 4 -0.83 '3.52 -- 0.67 ±3.54 
14 3 -0.3 2.6 0.77±4.2 
15 4 0.05 4.49 2.36±3.62 
16 4 -0.64 2.69 - 0.6±2.72 
17 d 

• Average environmental level (eJ.) found in Table 3-2 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

c LDL for plutoniu~238 in surface water silt is 1.8 x lQ-9 ~Cilg. 

d Suitable samples ~uld not be obtained at Location 17. 
• Sampling locations shown on Figure 4-4, p. 4-10. 
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·_ --:- ·-~- CWTCndy, the best available trend data have . . 

Groundwater transit across the Mound Plant · 
site generally proceeds west ~d southwest to
ward the Great Miami River. An extensive moni
toring network has been installed to monitor the 
impact of site operations on the quality of the 
groundwater. As this network collects more data, 
more detailed analyses of long-term trends in 
groundwater constituents will be possible. 

Tritium Concentration, nCVL a.b 

20 

15 

10 

1987 1888 

been collected from th~ production we~ used to 
supply drinking water to the plant. Five-year 
trenddatafortritiumandplutonium-238areshown 
in Figures 4-6 and 4-7, respectively: As seen in 
the figures, onsite tritiuni and plutonium-238 con
centrations have exhibited only minor fluctua-

- tions over the period 1987 to 1991. It is also 
evident from the figures that the levels of tritium 
and plutonium in the groundwater are far below 
DOE and_ EPA regulatory values. 

1989 

Legend c 

E!3 Well No. 1 
[J Wei1No.2 
m wet1No.3 

1980 1891 

• V aloes shown in figure include average environmental levels. 
b The EPA standard for tritimn in drinking water is 20 nCiiL. 
c See Figure 4-5, p. 4-17 for well locations. 

Figure 4-6. Annual average tritium concentrations in onsite production weDs 
. -

....,. __ ... - . ·-· 
~ ·. 
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- Legend 0 
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.. 

v .... 
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a Values shown in figure include average environmental levels. . ·- · --

b 1600xl0"12 ~CilmL, 4% of tbe DOE DCG, corresponds to tbe DOE and EPA drinking water criterion of 4 mremlyr. 
c See Figure 4-5, p. 4-17, for well locations. 

Figure 4-7. Annual average plutonium-238 concentrations in onsite production wells 

4.3 FOODSTUFFS AND VEGETATION 

4.3.1 Description of Monitoring Program 

V arlo us locally grown foodstuffs and vegeta
tion samples are collected during the growing 
season from the surrounding area. Fish are col
lected from the Great Miami River. The intent of 
this aspect of the Environmental Monitoring Pro
gram is to detennine whether plant and animal life 
are accumulating significant concentrations of 
radionuclides. Samples of grass, root crops, and 
tomatoes were collected in Miamisburg, Center
ville, Bellbrook, Trotwood, Franklin, and Ger
mantown (Figure 1-2). Fish were collected in the 
Great Miami River below a Mound discharge 
point The plutonium-238 content of the foodstuff 
and vegetation samples is determined by ashing -;· 

the samples, then proceeding with the same tech
niques used for plutonium analyses of air samples 
(Section 4.1.1.2). The tritium content of the food
stuff and vegetation samples is determined by 
distilling the water from the sample, then analyz-
ing the distillate for tritium. · 

4.3.2 Applicable Standards 

No standards apply: -

4.3.3 Results 

The results of the foodstuff, vegetation, and 
fish analyses are summarized in Tables 4-18 and 
4-19. The conce~tration is given in terms of the 
sample weight (wet weight) before ashing or 
distilling. The samples of aquatic life analyzed 
included only the C(iible, fleshy po~ons_ ~f fish. 
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Environmental levels (Table 3-2) for foodstuffs 
and vegetation have been subtracted from the 
data 

The average incremental concentrations of plu
tonium-238 in grass and potatoes did not exceed 
environmental levels. The average concentration 
of plutonium-238 in fish was 0.03 x lQ-9 JJ.Ci/g. 

The average concentration of tritium was 0.15 
x 1(}-6 JJ.Ci/g in grass and 0.12 x 10"' Cilg in 
tomatoes. These analyses show no evidence of 
any significant uptake by plant or animal life. 
Although concentrations of tritium in tomatoes 
collected in Miamisburg were higher than in those 
collected from other locations, the measured con
centrations were extremely small. 

Table 4-18. Incremental Plutonium-238 Concentrations • in 
Foodstuffs and Vegetation in 1991 

Type Number Plutonium-238 
of of (1()-9 JLCils> 

Location* Sample Samples Minimum Maximum Average b;C 

Miamisburg Grass 4 -0.21 0.7 0.22±0.83 
Root Crops 4 -0.13 0.12 -0.04 ±. 0.38 

Centerville Grass 4 -0.21 -0.08 -0.15 ±0.36 
Root Crops 4 -0.13 . 0.11 -0.01 ±0.37 

BellbiOQk . Grass 4 -0.37 0.06 -0.11 ±0.47 
Root Crops 4 0,01 0.23 -0.08±0.37 

Trotwood Grass 4 -0.27 . 0.04 -0.10±0.41 
Root Crops 4 -0.14 0.06 -0.02±0.36 

Franklin Grass 4 -0.27 -0.07 -0.16±0.38 
Root Crops 4 -0.29 -0.09 -0.17 ±0.36 

Germantown Grass 4 -0.41 0.3 -0.13 ±0.64 
Root Crops 4 -0.15 0.02 -0.07±0.35 

Great Miami FISh 4 -0.04 0.17 0.03 ±0.16 
River 

• Average environmental level (el.) found in Table 3-2 subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. · -

c LDLforplutonium-238ingrassis0.9x 10-9JLCi/g. Forplutonium-238inrootcrops.theLDLis0.6x 10-9J1Ci/g. For 
plutonium-238 in fish, the LDL is 0.3 x 10-9 JLCi/g. 

• Sampling locations for vegetation and crops are shown on Figure 1-1, p. 1-1. 
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Location• 

Miamisburg 

CenterVille 

Bellbrook 

Trotwood 

Franklin 

Germantown 

-- ---- EtiviroMienmiMonitoring at Moun4 
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~ 
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Table 4-19. Incremental Concentration • of Tritium in 
, . ~ :_ Vegetation in 1991 . . . ,--~---- ... 

·- . . 
Type Number 
- of -:- ' of 

Sample ~amples Minimum -
Grass 4 0.56 . -
Tomatoes 

; __ 

4 0.81 

Grass · . . :·. · 4 - .. ,_ . . -0.12 
Tomatoes . c- · - .4 

-~~·-

-0.07 .. 

"' Grass 4 -0.17 .. .. 
Tomatoes 4 -0.05 

Grass 4 -0.03 
Tomatoes 4 -0.07 

Grass 4 -0.02 
Tomatoes 4' -0.16 .. 

Grass 4 . 0.06 
Tomatoes 4 -0.06 .. 

' -. 

·-:'!_- .. 

Tritium 
(1~ !LCilg) . 
Maximum 

.. -!--

0.95 
0.86 

0.07 ._,:-.· 

·. 0.03 
_._,-

-0.05 ::'" . '?.' . · o.u· > 

·' 
0.23 
0.01 
.. 

~ ... -
0.11 

~-

0.02 --

0.16 
0.01 : 

.. 3J'"·. __ ·-- . . 

•' -.. 
Average b.c .;r, 

0)7 ±0.31 
0.84±0.06 

:'"~ -_ .. 

:;'. 0.01 ±0.22 -'-·-~ ·?tl=> 
.·· . -0.02 ± 0.08 .•• "- ._.,., ... . - . -._ . 

.... . ,,- :.~r: ..... 
-0.12 ± 0.19 . 

.·. :.~1.-:-": 
•' 

0.01 ±0.1:f:.' : ". ~--- . 
,; 

- ·, 

- 0.09 ± 0.26- . ·-:. .-.· ......... 
-0.04±0.07 . - ·~ 

•. 
0.05 ±0.19 --.. .: -0.05 ±0.13 .. : ~-~: ~- ~.:;.-

- '"" ... 

0.1±0.19 .... tt'} . .. , ... 
-0.02±0.07 . 

• Average environmental level (e.l.) found in Table ~2 subtracted from the data.' · ' 

b Error limits are estimates of the standard error of the estimated means at. the 95% confidence leVel. 

c LDL for tritium in grass is 0.1 x 10-6 JJ.Cilg. For tritium in tomatoes. the LDL is 0.2 x 10-6 J.1Cilg. 
• SamplinglocationsshownonFigure 1-l.p.1-L- - ·r · • • • ·, .... -

....... ;._ 

- ..,_·. 
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.. 

4.4 METHODS OF CALCULATING OFF· 
SITE RADIATION DOSE 

Methodology at Mound. The dose assess-
Exposure routes. Members of the public ment techniques in use at Mound are performed 

may receive radiation doses via various exposure accordingtoDOEOrder5400.5. For DOE report-
pathways. For radionuclides discharged to the ing requirements, doses are presented as commit-
annosphere, a person rpay inhale or be immersed ted EDEs and total committed EDEs as defined in 
in airborne radionuclides, may be exposed to the Order. Specifically, the committed effective 
radionuclides deposited on the ground, and may dose equivalent is the total dose equivalent that 
eat foods (e.g., milk, meat, vegetables, and pro- will be received by an individual over a 50-year 
duce) that contain radionuclides which have been time period as a result· of one year of exposure to 
deposited on, or taken up by, such foods. For radionuclides; the total committed EDE reported 
radio nuclides discharged to water, a person may is the sum of the committed effective dose equiva-
drink water or eat fish that contain radio nuclides. . Ients from the air, water, and foodstuffs pathways. 
The other potential water exposure pathways (e.g., Mound personnel calculatecommittedEDEs from 
swimming and boating) add insignificantly to the -· . exposure to measured concentrations of pluto
doses. nium-238 aildtritiumin air, water, and vegetation. 

Dose limits. Dose limits for members of the · TheSe values are then summed to estimate the 
public were presented in Table E-2. The primary total committed EDE to an individual at the site 
public dose limits include consideration of all boundary. The results for 1991 are shown in 
exposure modes. The primary dose limits are Table E-3. The results in Table E-3 were based on 
expressed as effective dose equivalents (EDEs), a maximum average concentrations and conserva-
term adopted by the International Commission on tive exposure assumptions; they therefore repre-
Radiological Protection (ICRP) for their risk- sent maximum dose estimates for Mound. · 
based system. The ICRP system relates the risk In calculating doses, some assumptions must 
associated with irradiation of specific organs or be made about the radionuclides. The solubility 
tissues to the risks associated with uniform, whole- of ingested or inhaled plutonium-238 in the recep-
body irradiation. To make such comparisons tor is unknown. However, it is highly probable 
possible, doses to organs and tissues are weighted that most of the plutonium-238 is in the oxide 
and summed. The resultant figure-of-merit is the form, which is very insoluble. Most of the solid 
EDE. form of plutonilliil:-238 processed at Mound was 

Transport and dose models. Radionuclide either oxide or hydroxide used in encapsulated 
releases from a facility, and the radiation doses heat sources. There was some solution process-
which may result, are sometimes too small to be ing, primarily in recovery operations in reclaim-
measured. Therefore, computer models are used ing scrap material. In order to provide a realistic 
to simulate the transport of radio nuclides from the but conservative estimate, it is assumed that 50% 
point of release and to calculate potential radia- of the inhaled plutonium-238 is soluble (class W) 
tion doses to man. These calculations are made and 50% is insoluble (class Y). It is also assumed 
usingcomputercodesrecommendedbyappropri- that ingested plutonium-238 is 50% soluble and 
ate regulatory agencies (e.g., the EPA). When 50% insoluble. All dose assessments from moni-
available, site-specific data (source characteris- toeing data for tritium are based on the oxide form. 
tics, release quantities, meteorological and clima- Tritium oxide is used because the DOE DCG for 
to logical conditions, locations of people, and food tritium oxide is 25,000times lower than that of the 
production information) are used as input to the elemental fonn of tritium. Using the DCG for 
codes. When site-specific data are not available, tritium oxide in all dose calculations results in a 
conservative default data are used. more conservative estimate of the impact of 

Mound's operations. 
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DOE Order 5400.5 also requires compliance 
with applicable EPA regulations. To demonstrate 
compliance with the EPA's NESHAPs require
ments (40 CFR 61, Subpart H), Mound performs 
additional transport and dose calculations each 
year. As required by NESHAPs, Mound uses the 
computer code CAP-88 to calculate doses from 
airborne releases. Stack release data for tritium, 
isotopes of plutonium, and isotopes of uranium 
(Table E-1) were used along with meteorological 
data from Mound as input to CAP-88. 

Comparisons of results. Using measured 
concentrations, the committed EDE to the maxi
mally exposed individual from airborne releases 
of tritium and plutonium-238 was 0.14 mrem 
(0.0014 mSv). Based on the CAP-88 output, the 
maximum EDE from all airborne releases was 
0.08 mrem (0.0008 mSv). These two methods of 
estimating the committed EDE were in reason
able agreement. Both estimates were less than 2% 
ofNESHAPs standard of 10 mrem/yr (0.1 mSv/ 
yr) for the air pathway . 

Using the larger of these estimates (0.14 mrem; 
0.0014 mSv), the total committed EDE to the 
maximally exposed individual, including the 
ingestion of water (0.06mrem; 0.0006 mSv), was 
0.28 mrem (0.0028 mSv) from all pathways 
(Table E-3). This dose is less than 1% of the DOE 
dose standard of 100 mrem (1.0 mSv) from all 
pathways for prolonged exposure. 

Population impacts. The collective commit
ted EDE, as used in this report, is the sum of the 
committed EDEs of all individuals in the popula
tion within 80 km of Mound. This collective 
committed EDE is calculated using the commit
ted EDE from the CAP-88 model and the commit
ted EDE calculated from ingestion of well water 
with concentrations measured in various commu
nities surrounding Mound. 

The estimated committed EDE to the 3,034,679 
persons living within 80 km of Mound was 3.6 
person-rem (0.036 person-Sv) from Mound's 
operation during 1991. To put this in perspective, 
a population of this siZe would receive approxi
mately 1 million person-rem (10,000 person-Sv) 
from natural sources (300 mrem; 3.0 mSv per 
person). 
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S. ENVIRONMENTAL NONRADIOLOGICAL PROGRAM INFORMATION ~ ··. ~- . 

Summary: Particulate concentrations measured at Mound's onsite and offsite air-sampling _ · , 
· : sites indicate no influence from Mound operations. Mound's liquid effluents were monitored · · _ 

·-. for a number of organic and inorganic nonradiolcgical substances. Mound did not exceed -
' NPDES permit limits during 1991.. · · · -· - · ,_ · - · 

- -.t 
-!•- --· .• • • -- .... _, 

5.1 .AIR MONITORING PROGRAM ..... . 
. •,. 

5.1.1 Description of Program There are three additional major sources of air-
borne emissions at Mound. A paint spray booth is 

Mound has six state air permits from OEP A A . . operated intermittently in the Mound paint shop. 
number of other sources are registered . with .:. .. Wastes from operations involving explosives are 
RAPCA The primary source of nonradiological disposed ofby open burning under a permit issued 
airborne emissions is the Mound steam power by RAPCA and in compliance with RCRA re-
plant This plant is normally fueled with natural -· quirements(40CFR265.382). Frre-fightertrain-··· 
gas but can burn fuel oil Fuel oil with 1% sulfur . · :: ing exercises are held at an open outdoor facility 
content is burned during unusually c_old weathe.r ~-~ under a burning permit issued by RAPCA · -· 
or if the natural gas supply to Mound is 'inter- Nonradiological airborne emissions for 1991 
rupted. Approximately 82,640 liters (21,830 gal) are summarized in Table 5~-1.' - - ·· · --
of fuel oil were burned during 1991 . 

Table 5-1. Nonradiological Airborne Effi_uent Data for-1991 

Emission 
Source Pollutant · 

Powerhouse Particulates 

Powerhouse Sulfur Oxides 

Paint Shop Organics 

Explosives Burning Particulates 

Fue Fighter Training Particulates 

•OEPA Regulation 3745-17-10 . 
bQEPA Regulation 3745-1~6. · 
•Conditions of Mound's permit. 
"Not applicable. 

Emission 
Emission Standard 

0.006 lbs/10' 0.02lbs/IO'• 
BTU input BTU input 

0.002 lbs/10' 1.6lbsll0n 
BTU input BTU input 

270 lbs 5,000 lbs/y c 

17.9lbs 4 

3.8lbs 4 

..... 

5-1 

%of 
Standard 

30 

0.13 

5.4 

4 

4 
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5.1.2 Results ... , 

Particulate concentrations (Table 5-2) were 
calculated from samples collected at the 15 offsite 
and 5 onsite sampling locations. The State of 
Ohio Ambient Quality Standard for airborne par
ticulates is referenced in the Table for comparison 
purposes. 

·:;- . 

Nonradioactive airborne emissions at Mound 
had minimal impact on am~ient air quality. 
Particulate concentrations measured onsite fall 
within the same range as those measured offsite. 
Particulate concentration also appears independ
ent of distance from Mound. This result suggests 
that Mound's particulate contribution to the sur
rounding area is negligible. 

Table 5-2. 1991 Particulate Concentrations 

Annual b 

Number Particulates • Arithmetic 
Sampling of (J.Lglm') Average 
Location* Samples &linimum 1Vf8XliillliD (J.Lglm') 

~ 
·.-

101 52 20 66 41 ±3 
102 52 17 54 30±2 
103 51 17 83 30±3 
104 52 23 59 38±2 
105 52 15 56 31 ±3 
108 52 24 61 40±2 
110 52 14 49 28±2. --·· 
Ill 51 IS 138 57±8 
112 52 16 51 30±2 
115 52 19 106 44±6· 
118 52 14 53 26±2 
119 52 18 66 33±3 
122 52 16 78 34±4 
123. 52 19 61 34±2 
124 52 16 64 32±3 

~ 

211 52 20 15 38±3 
212 so 11 52 29±3 
213 52 20 97 44±4 
214 52 13 56 30±3 
215 51 13 59 30±3 

• Ohio Ambient Air Quality Standard= 60 J.Lg/m' (annual geometric average). 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
* Offsite sampling locations shown on Figure 4-2. p. 4-3. 

Onsite sampling locations shown on Figure 4-1, p. 4-2. 
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5.2 SURFACE WATER MONITORING 
PROGRAM 

5.2.1 Description of Monitoring Program 
Mound discharged an average of 2.65 million 

liters (0.70 million gallons) of water per day in 
1991 to the GreafMiamfRiver:- An NPDFS" 

• f •• ~ 

permit regulates nonnldioacti_ve pollutants, in this 
effluent water. On March 27; 1991, Mound ap
plied for renewal of its NPDES permit, and reis
sue of the permit is expected in the second quarter 
of 1992. The NPDES permit requires Mound to 
characterize its effluent by analyzing samples . 
collected at four onsite locations: 5601, 5602, 
5603, and 5002 (Figure 4-3). Aow-prop<?rtional, 
24-hour composite samples and grab samples are 
collected from discharges 5601, 5602, and 5002 _ 
as required by the permit. Discharge 5601 con- . 
tains the effluent from the sanitary sewage treat
ment plant. Discharge 5602 includes storm water 
runoff, single-pass cooling water, cooling tower 
blowdown, zeolite softener backwash, and dis
charge from the radioactive waste disposal facil
ity. Discharge 5002 consists of softener back
wash, and most of the plant storm water runoff. A 
time-proportional, composite sample and a grab 
sample are collected from the electroplating facil
ity effluent, discharge 5603, as required by the · 
permit. NPDES permit limits can be found in 
Table 5-3. The NPDES monitoring program used 
methods specified in the Clean Water Act Regu
lations, 40 CFR 136. 

The NPDES permit requires quarterly analy
ses of the electroplating effluent (5603) for Total 
Toxic Organics (TIO), the organic subset of 
Priority Pollutants. Additionally, Mound per
fonns quarterly TIO monitoring of 5601, 5602, 
and 5002, which is not an NPDES requirement. A 
summary of organic compounds that were de
tected at least once is given in Table 5-4 for each 
outfall 

The permit requires monthly monitoring of pH 
from the water discharged from one offsite well, 
location number 5604 (Figure 4-3). In 1991, this 
well was pumped for 6 days and discharged a total 
of 3.51 million gallons. The measured pH of this 
discharge was 7.2 pH units. This well is used to 

dilute tritium concentrations in groundwater and 
has been operated in conjunction with the Potable 
Water Project (Dames and Moore August 1976). 

A total of 1010 samples were analyzed for 
NPDES parameters during 1991. ~ 

5~- Applicable Standards 

- · Standards applicable to nonradioactive mate
rials and physical properties in Mound wastewa
ter diScharges are contained in Mound's NPDES 
permit as administered by OEP A. Monitoring re
quirements and standards are listed in permit 
NP1-I-000005CD, Application No. OH009857.· 

5.2.3 Results 

In 199l,MounddidnotexceedNPDES permit 
limits. 

Data from the U.S. Geological Survey' show 
that flow in the Great Miami River at Miamisburg 
in 1991 averaged 2156 million gallons per day 
(MGD), with a minimum and a maximum of 223 
MGD and 22,739 MGD, respectively. The mag
nitude of this river flow is significantly greater 
than Mound effluents. Mound effluents did not 
affect the Great Miami River and its compliance 
with stream standards. 
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Table 5-3. National PoUutant Discharge Elimination System Data for 1991 

Maximum NPDES Permit Limits 
No. of Annual Monthly_- Weekly Monthly 

Samples Minimum Maximum Awragc Average Daily Average Average 

DISCHARGE 5601 PARAMETERS • 
Flow Rate, MGD Cont.b 0.03 0.15 0.08 0.10 olac Dla ola 
pH,s.u. 220 7.4 8.1 7.7 7.9 6.5-9.0 Dla ola 
Biochemical Oxygen Demand, mg/1.. 102 0.1 . 9.6 1.6 3.2 Dla 15.0 10.0 
Suspended Solids, mgiL 102 0.5 14.9 2.6 5.6 ola 30.0 15.0 
Fecal Coliform, N/100 mL 27 1 500. ·36 149 Dla .. 2000 1000 
Escherichia Coli, N/1 00 mL 6 <1 110 22' 110 ola Dla ola 
Residual Chlorine, mgiL 106 0.10 0.46 0.21 0.30 Dla 0.5 ola 
on & Grease, mg/1.. 4 <1.0 1.5 1.1 1.5 Dla ola ola 
Ammonia, mg/1.. as N 24 0.03 10.28 1.27 4.46 Dla Dla Dla 
Cadmium, j.Lg/1.. 2 <10 <10 <10 <10 Dla Dla ola 
Chromium, j.Lg/1.. 2 <50 <50 <50 <50 Dla Dla ola 
Copper, j.Lg/1.. 2 71 87 79 87 ola ola ola 
Nickd,j.Lg/1.. 2 <50 <50 <50 <SO Dla Dla Dla 
Zinc,j.Lg/1.. 2 <50 104 77 104 Dla ola Dla 
Lead,j.Lg/1.. 2 <50 <SO <SO <50 Dla ola Dla 
Mercwy. j.Lg/L 2 <0.2 <0.2 <0.2 <0.2 Dla Dla Dla • DISCHARGE 5602 PARAMETERS 
Flow Rate, MGD Cont. 0.00 0.56 0.12 0.14 Dla Dla Dla 
Chemical Oxygen DemaDd, mg/1.. 51 3 421 100 178 Dla Dla Dla 
Suspended Solids, mgiL 51 0.4 34.9 8.8 13.8 45 Dla 30 
on & Grease, mg11.. 12 <1.0 <1.0 <1.0 <1.0 10 Dla Dla 
pH,s.u. 51 7.4 8.7 8.4 8.5 6.5-9.0 .- nla Dla 

DISCHARGE 5603 PARAME"IERS 
.. 

pH, s.u. 22 7.0 7.4 7.2 7.2 6.5-9.0 nla nla· 
Cyanide, mg/1.. 22 <0.1 <0.1 <0.1 <0.1 1.0 Dla 0.65 
Cadmium, j.Lg/1.. 22 <10 <10 <10 <10 100 Dla Dla 
Chromium, j.Lg/1.. 22 <50 <50 <50 <50 soo· ola ola 
Copper, j.Lg/1.. 22 60 368 167 324 sao Dla Dla 
Nickel, j.Lg/L 22 <50 55 <50 <50 500 Dla Dla 
Total Toxic Organics, mg/1.. 4 <1.0 <1.0 <1.0 <1.0 2.13 Dla Dla 

DISCHARGE 5002 PARAMETERS 
Flow Rate, MGD Cont. 0.00 2.38 o.so 0.86 Dla Dla Dla 
Suspended Solids, mgiL · 51 4.0 42.8 14.0 19.1 45 Dla 30 
pH, s.u. 51 7.9 9.0 8.4 8.5 6.5-9.0 Dla- ola 

_• The maximum and minimum values for Biochemical Oxygen Demand, Residual Chlorine, and Suspended Solids are weekly 
average values for discharge 5601. 

b Cont. = Continuous 
c Dla = Not applicable. No peDDit limits. 

·--~ . ~ .. 
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Envirotimentlll Monitoring Ill Mound 

Table 5-4. Summary of Organic Compounds Detected in 
Mound Emuents in 1991 

~ 
_. •• # 

1st 2nd . 3rd .. . -4th 

Location* Parameter ~_.Quaner Quaner. Quaner Quaner MDL• 
! .. !! . 

5601. · Methylene Chloride NDb - ND 3.16 ND 2.8 

5602 Methylene Chloride ND 5.32 ND ND 2.8 
Nitrobenzene Tc ND ND ND 2.3 

·p 

2-Ethylhexyl Phthlate ND ND 25.0 ND 10 

5603 Methylene Chloride ND 3.98 6.04 ND ... 2.8 
traos-1,2-Dichloroethylene ND ND 2.86 ND 1.6 
Trichloroethylene ND ND 3.72 2.50 1.9 
1,4-Dichlorobenzene 11.9 ND ND ND 5.0 

5002 Methylene Chloride ND 4.36 3.36 ND 2.8 
Acetone ND 15.7 - 21.6 ND 10 
2-Ethylhexyl Phthlate 

• Method Detection Limit 
b ND - None detected 

ND 

c T - Trace detected, below EPA's MDL 

Tc 

* Sampling locations shown on Figure 4-3, p. 4-9. 

5.3 ENVIRONMENTAL OCCURRENCES 

UnderCERCLA and the Clean Water Act, re
portable quantity (RQ) levels have been estab
lished for designated hazan:lous substances. If a 
spill or other inadvertent release to the environ
ment exceeds the RQ, immediate notification of 
the appropriate federal agencies (e.g., National 
Response Center, EPA, or the Coast Guard) is 
required No such releases occurred at Mound 
during 1991. 

5.4 SUBMISSIONS UNDER SARA TITLE Ill 

Title ill of the Superfund Amendments and 
Reauthorization Act (SARA) addresses the emer
gency planning and community right-to-know re-

5-5 

ND ND 10 

sponsibilities of facilities handling hazardous 
materials. To meet the requirements of Sections 
311 and 312 of Title m, for 1991 Mound reported 
storing and/or utilizing three "extremely hazard
ous" substances and 12 "hazardous" substances in 
quantities subject to regulation under the Act 
Those subtstances are identified in Table 5-5. 

Mound also reviewed Plant toxic chemical 
data for 1991 to evaluate compliance with Section 
313 of Title m. That review revealed no report
able releases of chemicals. on the EPA Toxic 
Chemical List. Mound further determined that no 
chemicals used onsite met the List's "otherwise 
used" and "reportable threshold" limits. Though 
no specific reports are required of the facility 
under Section 313, Mound continues to develop. 
comprehensive up-to-date inventories of all haz
ardous materials managed onsite. 
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Table 5-5. Emergency and Hazardous Chemical Inventory Data for Mound 

Diesel fuel 
No. 2 fuel oil 
Feme chloride · 
Sodium hydroxide 

Ammonia 

. ' 

Hazardous Chemicals 

Nitrogen, liquid 
Helium, liquid 
Gasoline, unleaded 
Argo~ liquid 

Extremely Hazardous Chemicals 

Sulfuric acid 

5-6 

Isopropyl alcohol 
Ethylene glycol 
Calcium chloride 
Ethyl alcohol 

Nitric acid 

• 
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6. GROUNDWATERPROGRAM 

-· . - .. .· ... 
SumJ'IUir1: Monitoring wells were Sam.pledand tina/yzedfor volatile organics; semivolatile 

. organics or BNA; pesncifies'aiid PCBs; explosiVes; metals; -inorganic cations;. inorgClnic 
anions; and radionuclid~s. Preliminary interpretation of the groundwater monitoring data 

-· -: ... _ -iiu:licates that VOCs are the primary~~ontam.ini:ln!s of concern. , 
..... ~: .. · __ j - .. -:- ~- .. '-- ~~-~~ ·-· .. -

~ -~ 

~ --- .. ~ .... .,. -.. _·. 
"• 

. -::· 
. ..,· 

.6.1 HYDROLOGY ATMOUND: 6.1.1 Major Aquifers .... - . 

Groundwater conditions at Mound vary with . ~ Municipal and industrial water supplies in the 
the positions of different materials ·and their cor- ·.; vicinity of the site depend upon high-capacity 
responding hydraulic propertie~.. Virtually uii- · wells drilled into unconsolidated sand and gravel 
permeable bedrock underlies all but the firSt few aquifers. Buried valleys that trend in the general 
feet of the hilltop and hillside areas: Although the · '~ position of the present Great Miami River and its 
rock itself is impervious, very small qtiantities of , · tnbutaries contain 30 to 61. m (100 to 200ft) of 
groundwater seep through joints and weathered · ~;· __ Pleistocene sand, gravel, and fine-grained till and 
·cracks. The upper 6 m (20ft) of bedrock,_ where .<form· the principal aquifer in the area. Good 
chemical weathering allows enlargement of cracks, qomestic groundwater supplies are av8ilable in 
is the most permeable. Permeability of the upper . upland areas which are. blanketed by granular 
_ 6 m (20 ft) of bedrock is estimated to range from -· glacial deposits or deposits of granular soils inter-
40 to 400 Uday/m2 ( 1 to 10 gpd/ft2). Below this bedded within relatively impermeable till. A map 
depth, bedrock permeability generally ranges from showing hydrogeologic environments for a radius 
0 to 8 Uday/m2 (0.0 to 0.2 gpdlft2). - _ . ·of 4.0 km (2.5 mi) trom the site is presented in 

Hydraulicpropertiesoftheglacialtillsoilsthat -·. Flgure 6-1. Industrial wells adjacent to the site 
form a veneer over the entire site vary and depend have specific capacities ranging from 15 to 45 U 
on the relative proportions of fine- to eoarse- sec/m (73 to 218 gplnlft) of drawdowri. Specific 
grained material at any given location. Values of·.·. capacities as high as 281.5 Usec/m ( 1360 gpm/ft) 
permeabilitynormallyrangefrom0.0041 to0.041 - of drawdown_ have been reported for a well at 
Uday/m2 (0.0001 to0.001gpd/ft2),althoughvalues •. Chautauqua, about 2.4 km (1.5 mi) south of the 
up to 2.8 Uday/m2 (0.007 gpd/ft2) were measured _ · site. -
in the upper weathered zones." Below the glacial· . -· _.·_: Recharge to aquifers is available from three 
till in the lower valley area is a zone of glacial major sources: 
outwash composed of sand and gravel. The per
meability of this zone is estimated to range from 
40,700 to 81,000 Uday/m2 (1,000 to 2,000 gpdl 
ft2). This horizon forms the eastern edge of the 
Buried Valley Aquifer (BV A) and extends under 
the Great Miami River to the--west Three onsite 
wells draw water from this aquifer. The BV A was 
designated a sole-source aquifer by the EPA dur
ing 1989. Water levels under the facility are 
ultimately controlled by the level of the Great 
Miami River, which has a non-flood level at 
elevation 208 m ( 682 ft). · 

• direct infiltration from the Great Miami River, 
• leakage along valley walls at the bedrock- -

outwash contact, and 
• induced infiltration caused by hydraulic sinks 

due to pumping. · 
. . Recharge to the portion of the aquifer underly

ing the Mound Plant is primarily derived from 
direct infiltration from the Great Miami River and 
by precipitation and leakage from valley walls. 
This source of recharge is sufficient in quantity to 
balance withdrawals. · 
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! 0 Buried Valley Aquifer -(Piiestocene & Recent) 

N 0 o.s 1 ! 
Glacial TiD Thin Phase D 

~ 
I I I Overlying Ordovician bedrock. 

Miles 

Cirdes on 112-mile radii: 
Glaciaf r&D Thiele Phase 

~ from center of site. Overlying Ordovician bedrock. 

Figure 6-1. Hydrogeologic environments in the vicinity of Mound •• 
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The BV A, located immediately west of the 6.1.3 Uses of Groundwater in the Vicinity 
Mound Plant and below an elevation of approxi-
mately 213m (700ft), is the major aquifer adja- - c.- There are six major public water s~pplies and 
cent to the site. Within the limitS of the propeny, numerous industrial users within an 8-km (5-mi) 
the maximum known thickness of the aquifer is radius of Mound Plant. The locations of public 
about21 ~(70ft)attheextreme-southwestcome_r and private water supply wells and distribution 
of the site. The aqu~er reaches a maximum _ ·- areas for municipal water service are shown in 
thickness of about 46 m (150 ft) near- the river . _ Figure 6-2. A tabulation of current and projected 
channel and is oriented in. a north-south direction, water demands is presented in Table 6-1. 
incoincidencewiththecourseoftheGreatMiami .. The only industrial user within 8 km (5 mi) 
River. Recharge by induced stream infiltration downstream is the 0. H. Hutchings Power Gener-
occurs, although the sand_ and gravel aquifer at ating Station. Industrial groundwater users lo-
this location contains extensive interstratified. _: catednorth(upstream)ofthesiteareisolatedfrom 
layers of clayish till which impede infiltration. :\·-the facility area by hydraulic barriers. 
The BV A west of the site is estimated to -be ' Miamisburg owns ten water wells into the 
capable of producing 35 to 47 million liters per - - aquifer,butonlythoseonthewestsideoftheriver 
day per kilometer ( 15 to 20 million gallons of ... ,_. are in uSe. All operational city wells are separated 
groundwater per day per linear mile) of valley. · 'J from the site by a minimum straight-line distance 

There are no perennial streams on the site. A ;. of over 0.8 km (0.5 mi) .. 
drainage basin is associated with the deep valley Ft.gUre 6-2 shows the areas close to Mound in 
which separates the two high areas, but it iS-· · which some users may obtain their water from 
generally confined to the site area. Since the drain- private wells. There is, therefore, a possibility 
age basin is relatively small and the slopes are that some of the water used to charge private wells 
relatively steep, runoff through site drainage fea- originates in the runoff from the Mound Plant site. 
tures is rapid and· does not pose a threat to facility Low levels of tritium in this runoff have caused a 
structures. slight but measurable increase above background 

in the tritium content. Private wells in the other 
6.1.2 Movement of Groundwater areas defined on Figure 6-2 have not shown any 

c ·increases in tritium content above normal back-
Groundwater in the area generally flows south, ground. Measurements have shown the concen-

following the downstream course of the Great trations to be less than 1.0% of the EPA drinking 
Miami River. Groundwater levels experience water standard of 20 nCi/L. 
local reversals in areas of heavy pumpage, which .-. -· Wells located on the DOE propeny at Mound 
are expected to increase in both number and area supplywatertothe plant site. Present water usage 
as regional groundwater development increases · · :·of the facility ranges_ frOm 19 to 32 liters/second 
in the future. Although the BV A is generally (300 to 500 gallons per minute). The water 
overdrawn between West Carrollton and Dayton, withdrawn from the wells is partially replenished 
relocation of well fields and artificial recharge . by induced stream infiltration from the Great 
through the use of infiltration lagoons will proba- Miami River and by precipitation. Thee~ 
bly reduce the magnitude of groundwater gradient maximum capacity of the water system exceeds 
reversals within a few years.·- Currently, no evi- the maximum water ~age. However, a reserve 
dence indicates that the regional gradient is re- water supply having a capacity of 63liters/secona 
versed south of the city of West Carrollton. At ( 1,000 gallons per minute) is available from the 
Miamisburg, pumping does not influence the City of Miamisburg in case of an emergency. 

natural groundwater ~ent except locally near 
individual well fields. 

6-3 



Environmental MonitOring at Mound -

• N 

HU'TCHING POWER STAT10N 
DAYTON POWER AND LIGHT -.U.-""'"'-.. 

I WEU.S -----i-f---' 

0 ,. 112 

-~ 
PRIVATI WEU. AREA 

Figure 6-2. Munidpal and private well fields near Mound 
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· -~~- Table 6-1. Municipal Groundwater Use Within the 
·- Great Miami River Watershed 

Upstream (U) or -
Downstream (D) of 

Municipal Supplies Site 

Within 5 miles of site 
l'' 

Miamisburg u 
Germantown u-
Franklin D 
West Carrollton u 
Springboro D 

Within 10 miles of site 

Farmersville u 
New Lebanon u 
Oakwood u 
Middletown D 
Greater Moraine 
Sanitary District u 

Within 15 miles of site 

Dayton u 
Dayton State · 
Hospital u 

Monroe D 
Trenton D 
Gratis u 
West Alexandria u 

•Million gallons pei day . 

. ,· 

Average 
_ Groundwater Use 

MGD- 1969 

1.570 
0.444 
2.013 
0.928 
0.211 

0.069 
0.350 
1.081 
7.815 

14.295-: 

61.142 

0.016 
0.254 
0.363 
0.017 
0.124 
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Projected 
Average Demand 

MGD-2020 

11.761 
2.157 

21.120 
·- -5.634 

4.852 

0.663 
1.919 
2.011 

20.168 

61.446 

192.836 

. 0.023 
1.840 
2.404 
0.131 
0.280 

Projected 
Peak Demand 
MGD•2020 

17.642 
3.775 

31.680 
9.860-
8.492 

1.160 
3.358 
3.017 

30.252 

92.169 

289.254 

0.040 
3.220 
4.207 
0.229 
0.490 
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6.2 APPLICABLE STANDARDS 

· Analytical results of groundwater samples col
lected from Mound monitoring wells are com
pared with Federal primary drinking water stan
dards (40 CFR 141-143) in this repott. Although 
drinking water standards do not apply to mQnitor
ing wells, they are a convenient reference for 
comparison. Federal secondary drinking water 
standards are not addressed in this repon because 
they are primarily aesthetic guidelines ( 40 CFR 
143.1). 

6.3 DESCRIPTION OF GROUNDWATER 
PROGRAM 

The Main Hill of the Mound site is underlain 
by shale and thinly bedded limestone bedrock. 
Water within the shale is thought to be transmitted 
along fractures until deflected laterally at the 
intersections of competent shale beds unaffected 
by fracturing. This water then emerges at the 
surface as seeps (Figure 6-3). Groundwaterfrom 
wells and seeps on the Main Hill has a history of 
tritium aild VOC contamination and may serve as 
a source of contamination into the onsite valley to 
the south and into the BV A to the west. · The 
groundwater monitoring program uses a network 
of sampling sites on and off the ~ound site, 
consisting of the seeps (Figure 6-3) and onsite and 
offsite wells (Figure 6-4). · " 

• N 
0 700 
t t ! t I 

Socle In F"1' 

Figure 6-3. Groundwater seep sampling locations on the Main Hill 
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t E:t P:-oor-am monJTor-tno weDa 
01'1'1er- moniTonno wells • Plc:nT pr-oduc-Hon weDs · · 

<BVUJ Wens comoleTed In +he 
uooer- uniT o-t ~e 
SUI""Ied Valley Aoulter-

CBVU WeDs comoleTed In 'ttle 
lower- uniT o-t the 
BUI""Ied VCI!ley Aoulter-

• N 
0 700 

I ! I ! I 

Scale In Feet' 

~--------------------------------~--------------------~ . . 
Figure 6-4. Water quality monitoring network for wells in the · 

upper and lower units of the Buried Valley Aquifer 
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Observations of contaminant concentrations -
in the groundwater on the Main Hill have deter
mined that the following contaminants exceed 
primary drinking water standards: 

• radioactive contaminants - tritium 
• VOC contaminants- trichloroethene and tetra

chloroethane 

6.3.1 Tritium Contamination 

6.3.1.1 Tritium Contamination in Seeps 

Tritium, recognized as a persistent contami
nant in the seeps since 1986 (DOE 1987), has been 
the focus of various extensive investigations. Table 
6-2 presents tritium concentrations measured in 
the Main Hill seeps. The highest concentration 
was measured in seep 601. Tritium concentrations 
at all sampled seeps, except 603, exceeded the 
drinking water standard of 20 nCiiL for some 
sampling events in 1991. However, tritium con
centrations have decreased significantly since 
discovery of the contamination in 1986. 

6.3.1.2 Tritium Contamination in the BV A 

Through the Potable Water Standards Project 
(Dames and Moore August 1976) and the Buried 
Valley Aquifer Evaluation Project (Dames and 
Moore December 1976), tritium levels in the 
BV A have been maintained in compliance with 
regulatory standards. The sediment in the Miami
ErieCanalhas been identified as a probable source 
of contamination to the BV A. As a follow-up to 
these projects, Mound monitors tritium levels in 
the groundwater in the vicinity of the Plant weekly. -
Abandoned Miamisburg production well (shown 
on Figure 6-4 as No. 0912) is sampled at least 
monthly. When the concentration of tritium ex
ceeds 20 nCiiL, the well is pumped until concen-: 
tnitions are below 10 nCi/L. Discharge is routed 
through a closed pipe to the Great Miami River. In 
the last five years, it was necessary to pump the 
Miamisburg well No.2 five times: May 1 to May 
27, 1986; November 3 to November 5, 1987; July 
25toAugust2, 1989;July20toJuly24, 1990;and 
May 23 to May 28, 1991. The influence the 1991 
pumping activity had on tritium concentrations in 
the well is shown pn Figure 6-5. 

Table 6-2. Tritium Concentrations in Mound Seep Sites in 1991 

No. Tritium ~nCiiL~ 
Site* Samples Minimum Maximum Average 

0601 344 45.4 154.6 100.8 
0602 18 4.2 57.2 20.6 
0603 1 1.1 1.1 - 1.1 

0605 38 5.1 58.7 39.4 
0606 10 3.6 34.4 22.7 
0607 304 6.0 32.2 18.2 

*Sites shown on Figure 6-3, p. 6-6. 
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Min = 3.8 nCIIL 
Max= 17.5 nCIIL 
Av.-.ge = 8.7 nCIIL 

No. of Samp ... = 83 · 

Figure 6-5. Monthly average tritium concentrations in abandoned Miamisburg WeD No. 2 

Table 6-3 presents tritium concentrations in 
groundwater samples collected from monitoring 
wells in the BV A during 1991. All concentrations 
were less than the EPA drinking water standard of 
20 nCi/L with the exception of one sample from 
Well305, which appears to be an anomaly. 

6-9 

Geologic records and well concentration in:
formation for the wells are presented in the Site 
Scoping Report: Volume 2 - GeolQgic Log and 
Welllnjo171Ultion (DOE 1990). Tritium concen
trations measured in the monitoring wells during 
1991 ranged from 0.7 nCi/L to 24.0 nCiJL. The 
highest concentrations were measured at monitor
ing wells located along the western Mound Plant 
boundary. ·. · · · · ~ · 
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Table 6-3. Tritium Concentrations in BVA Monitoring Wells in 1991 

Tritium (nCiiL) 
Well* 1st Quarter 3rd Quarter 

0063 - 7.0 

0118 

0122 4.9 

0126 1.9 

0129 2.3 

0138 

0152 9.0 

0154 4.6 

0155 2.2 

0305 24.0 

0306 

0307 

0312 

0313 

0315 

*Well locations shown on Figure 6-4, p; 6-2. 

6.3.2 VOC Contamination 

_ 6.3.2.1 VOC Contamination in Seeps 

Groundwater samples collected in 1988 from 
seeps on the Main Hill first established the pres
ence of VOCs in seeps 0601, 0602, 0605, and 
0607 (DOE April 1991). Table 6-4 represents 
concentrations of VOCs detected at seeps for 
1991 sampling events. Trichloroethene exceeded 
the 5-J.Lg/L drinking water standard at seeps 0602 
and 0605 with concentrations of 45 and 5.9 J.Lg!L, 

6.6 

8.4 

9.9 

6.5 

6.7 

6.4 . 

0.7 

4.7 

7.4 

2.1 

4.8 

8.5 

.:. 3.9 

2.5 

7.1 

9.3 

9.2 . 

9.6 

6.9 

4.8 

respectively. Additionally, trichloroethene was 
detected at seeps 0601 and 0607 at concentrations 
of 4.7 and 3.0 J.Lg!L, respectively. 

Other contaminants include tetrachloroethene 
at seep 0601, which was measured at 9.4 J.Lg!L. 
Groundwater samples collected from seeps 0602 
and 0607 contained 1,1, 1, -trichloroethane. 
However, measured concentrations were below 
the drinking water standard of 200 J.l.g/L. 
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· .. ~. . 

·.· . 
. y 

·.-: '. .. ··.·.Table 6-4. Volatile Organic Concentrations 
in Groundwater Samples Collected from Seeps in 1991 

'· -. , , . c·.-
.. -~... .I .. • - ~ 

... :. :~: \ . 
Seep* .. · ,. ·Organic Compound 

0601 · . Dichlotomethane 
····- ··: 1,1,1-Trichloroethane 

Trichloroethene .. , ... · '· 
Tetrachlorethene 

0602"'. . · Trichloromethane 

0605 

0607 

.· ·1,2-Dichloroethene (total) 
1,1-Dichloroethene 
Trichloroethene 
1,1,1-Trichloroethane 

1, 1,1-Trichloroethane 
1,2-Dichloroethylene (total) 
Trichloromethane 
Trichloroethene 

1,1, 1-Trichloroethane 
Diehl oro methane 
Acetone -
1,2-Dichloroethene 
Trichloromethane 

- Toluene 
Tetrachlorethene 
Trichloroethene 

. { -

Sample Result 

NOb 
ND··. 
4.7 

·-· 9.4 -

0.5 
.. 14 : 

1.5 ·. 
45 . 

2.5 

ND 
3 

ND 
5.9 

1.2 
ND 
ND 
1.8 
ND 
ND 
ND 
3.0 

.. --
':" •J 

•"* .. 

MCL•· 

. 5 c ··. 

. 200 ··' 
... . 5 

5 . 

·1()()d 
.. 700 ·.'. "4 

··· :- - ... · "NA"r --, .,:;. 
. .. , 5 '~·. 

200. ·: 

200"·· . :;""': 

70e 
lOOd 
5 

200 
5c 
NA 
70e 
100d 
2000c 
5 
5 

• MCL -Maximum Contaminant Level, based on Primary Drinking Water Standards 
b ND indicates that a contaminant was not detected 
c Proposed limit 
d 100 IJ.g/L for total of trihalomethanes 
e MCL for cis 70 J.lg/L, trans 100 J.1g/L 
r NA - no current MCL exists 
• Locations shown on Figure 6-3, p. 6-6 . 
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6.3.2.2 YOC Contamination in the BY A 

Within the Mound Plant boundary, there are 18 
monitoring wells in the upper unit of the BY A that 
have been sampled quarterly since 1988. Results 
indicate the presence of YOC contamination. 
Based on sampling of the J)resent monitoring well 
network, concentrations appear to be greatest 
along the western Plant boundary, immediately 
southwest of the Main Hill and plant drainage 
ditch, and to generally decrease southward. 

From north to south, 10 monitoring wells [0312, 
0152,0307,0313,0153,0306,0063,0305,0154, 
and 0155 (Figure 6-4)] exhibit concentrations of 
YOCs that exceed the EPA drinking water stan-. 
.dards (Table 6-5). Trichloroethene and tetrachlo
roethene are the principal compounds, but tetra
chloromethane and 1 ,2-dichloroethene have also 
been detected intermittently. Continuing south
ward, the plant production wells Nos. 1, 2, and 3 
(Figure 4-5) exhibit YOC contamination, princi
pally trichloroethene, along with other trace 

compounds (Table 6-6). These wells supply water 
for entire Plant use. However, Well No. 1 has 
been used sparingly for the past sever3J. years 
because it is located closest to the suspected 
source of YOC contamination. 

Along the plant drainage ditch, within the plant 
boundary; YOC contamination appears to be 
limited. Only one monitoring well, 0111 (Figure 
6-4), eXhibits traces of trichloromethane. YOC 
con~on has not been detected or only spo
radic detections have been seen in the past in the 
remaining wells including0111, 0119,0125,0314, 
and 0151. 

West ofMound Plant, 18 monitoring wells are 
sampled for YOCs quarterly for the ER Program. · 
Fourteen of these are in the upper unit of the BY A 
and four in the lower unit (Figure 6-4). Only 
limited YOC contamination has been detected to 
date, and only monitoring well 0126 has 
consistently shown traces of tetrachloroethene 
(Table 6-7). The 1991 sampling showed traces of .. 
1,1,1-trichloroethane in six wells (Table 6-7). 

Table 6-5. Volatile Organic Concentrations 
in Groundwater Samples Collected from Onsite 

Wells in 1991 

IJ.g/L 

Wellt Parameter 1st quarter 2nd quarter MCL• 

0046 Trichloroethene 3.3 1.6 5 
1 ,1,1-Trichloroethane 0.7 NDC 200 
Tetrachlorethene 4.7 1.9 . - 5 
1,2-Dichloroethene (total) 1.4 2.0 70d 

0063 Trichloromethane 10 7.2 woe 
1,2-Dichloroethene (total) 21 13 70f 
1,1,1-Trichloroethane 0.7 ND 200 
Tetrachloromethane 2.4 2.0 5 
Trichloroethene 49 43 5 
Tetrachlorethene 24 20 5 
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Envil'onmentlll Monitoring at Mound 

Table 6-5. Volatile Organic Concentrations 
in Groundwater Samples Collected from Onsite 

:-:: ·- ~--,-·Wells in 1991 (continued) 

J.LgiL 
Parameter 

~~- ·--.-
1st quarter 2nd quarter 

L- -~ -- ~ ·-- .. - _. 

Trichloromethane 
. NSb 1.7 -. ~ ·- . - ..... 

Tetrachlorethene 0.7 0.3 
Trichloroethene 1.8 1.4 

.. 

Trichloroethene NS .4* 
Tetrachloromethane NS 2* 

l.i 
~ -. -

Trichloromethane 1.3 
Trichloroethene . ~- 9.2 .. ·. 8.'9 : 
Tetrachlorethene 5.5 4.0· ... .. 

-
1, 1, 1-Trichloroethane NS 0.3 ·: 
Trichloromethane NS . -· ~ . ._ 1.1 . 

Trichloroethene NS 17 -
Tetrachlorethene NS . 7.6· 

1,1,1-Trichloroethane 0.3 0.3 .. 
Trichlonneth3ne 0.6 . 0.7 
1 ,2-Dichloroethene (total) 15 38 
Trichloroethene 5.4 w 
Tetrachlorethene 1.1 1.3 

Trichloroethene 3.5 7.2 
Trichloromethane 0.9 ND .. 

1,2-Dichloroethene (total) . . 8.2 24 
1,1, 1-Trichloroethane ND 1.0 
Tetrachlorethene 0.4 0.7 

- .. . .. 

MCL' ......... . 

woe . ____ _..._ .. 

5 
5 

5 
5 

.. l()()C 
5 

- s 

200 
.. ... woo __ 

5 
s -- . 

200 
'<"" .: ... woe 

7or 
• r . 

s 
5 

5· 
woe 
7or r . 

".•..:. ' 200 
s 

trans-1 ,2-Dichloroethene -1.6- .. ~ ,.! •· .. ND· ::.i __ ; 100d -'. 
Trichloromethane 6.1 7.7·. ... 100°· - -· ·. 
1, 1,1-Trichloroethane 0.6 0.9 . - . ;_, .. : -. 200 ' - ~. . . 

Tetrachloromethane 1.8 3.0 - .. 5 
1,2-Dichloroethene (total) 58 .. 22. 7CY ·. 
Trichloroethene 29 50-,c •,. 5 
Tetrachlorethene 23 23 ·5 

. _, 
. . 

1,1, 1-Trichloroethane 0.5 0.8 200 
Trichloroethene 16 17 5 
Tetrachlorethene 6.7 7.5 5 
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Table 6-5. Volatile Organic Concentratioos 
in Groundwater Samples Collected from Onsite 

Wells in 1991 (continued) 

~ 
Wellt Parameter 1st quarter 2nd quarter 

0307 Trichloromethane 1.7 1.0 
Tetrachloromethane 1.8 1.8 
Trichloroethene 9.6 9.6 
Tetrachlorethene 13 11 

0312 1 ,2-Dichloroethene (total) 23 12 
Trichloroethene 28 15 
1, 1,1-Trichloroethane 0.4 ND 
Tetrachloromethene 1.5 ND 
Trichloromethane 0.5 ND 
trans-1 ,2-Dichloroethene 1.1 ND 

0313 Trichloromethane 1.8 1.3 
Tetrachloromethane 2.7 2.5 
Trichloroethene 8.4 7.7 
Tetrachlorethene 15 11 

0315 Trichloromethane 0.9 ND 
1,2-Dichloroethene (total) 1.5 1.2 
Tetrachloromethane 2.7 3.6 
Trichloroethene 3.6 5.0 
Tetrachlorethene 0.4 ND 

0320 1,2-Dichloroethene (total) NS 0.7 

•MCL- Maximum Contaminant Level. based on Primary Drinking Water Standards 
bNS- Well was not sampled 
c ND - Contaminant was not detected 
d Proposed limit 
e 100 J.Lg/L for total of trihalomethanes 
rMCL for cis 70 J.1giL, trans 100 J.Lg/L 
*Estimated value less than the detection limit 
tWelllocations shown on Figure 6-4, p. 6-7. 
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Environmentlll Monitoring Ill Mound 

Table 6-6. V ol&tile Organic COncentrations in Onsite ProduCtion Wells in 1991 

No. ~ 
Location* ··. :·Samples Minimum Maximum Average 

WellNo.l 
1,2-dichloroethene (total) 67 t5o 18.80 '5.66 
trichloroethene 67 1.75 6.50 

~ 
. 3.39 

chlorofonn 67 0.00 ::1.00 0.01 
tetrachloroethene 67 0.00 0.90 0.36 

.. . . ' 

Well No.2 
- - .. ~ -

• '1 ... -· 

1 ,2-dichloroethene (total) 63 1.20 6.50 2.75 
trichloroethene 63 1.90 5.90 .-· .. ~-, ~--"~~.4.02 

...... - . _. ;_ 

0.02 chlorofonn 63 0.00 0.5~ --· 
tetrachloroethene 63 0.00 1.90 .. 0.93 

Well No.3 ·. 

1,2-dichloroethene (total) -~. - 22 '0.00 . 5.00 1.17 
trichloroethene 22 0.00 4.60 1.37 
chlorofonn 22 0.00 0.00 0.00 
tetrachloroethene 22 0.00 0.80 0.06 

.... -. 

• MCL - Maximum Contaminant Level, based on Priiiiary Drinking Water stmidardi 
b MCL for cis 70 J.Lg/L, trans 100 ~ 
*Well locations shown on Figure 4-5, p. 4-17. 

.,-4!- _--

MCL• 

70b 
5 

~ 

100 
5 .. 

" ' .. ,_, 

70b 

5-: 
100 

5 

. ... , ' 

~- ... . 

70b " .• 
5 

100 
5 

. ~- ' 

•• - ........... -.1 ••• 
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Table 6-7. Volatile Organic Concentrations 
in Groundwater Samples CoUected from Otfsite 

WeDs in 1991 

Well* ... Parameter 1st quarter 

0118 1, 1, 1-Trichloroethane · 

0126 -1,1,1-Trichloroethane 
Tettachloroethene 
1,1,2,2-Tettachloroethane 

0129 1, 1,1-Trichloroethane 

0138 1, 1,1-Trichloroethane 

0160 1, 1,1-Trichloroethane 

0311 1, 1, 1-Trichloroethane 

• MCL - Maximum Contaminant Level 
b NS - Well was not sampled 
c ND - Contaminant was not detected 
d No MCL established. 
* Well locations shown on Figure 6-4, p. 6-7. 

6.3.3 Plutonium Analyses for Groundwater 

Samples from monitoring wells have been 
analyzed for plutonium-238 at least once since 
1987. Recent (i.e., 1991 quarterly sampling 
rounds) plutonium-238 analyses indicate concen
trations are less than the detection limit of the 
analyticalmethod(l.OpCi/L). TheDOEDCGfor 
plutonium-238 in water is 40 pCi/L (DOE Order 
5400.5). Monitoring wells 0124, 0126, and 0129 
(Figure 6-4) are located in the area where high 
plutonium concentrations were measured in canal 
sediments, but there is no current evidence that 
groundwater has been affected. 

. 0.5 

0.4 
0.4 
0.6 

0.5 

'NS 

0.4 

NS 
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j.1giL 
2nd quarter 

NSb 

NDC 
0.5 
ND 

0.7 

·-
0.6 

ND 

0.6 

• 
MCL• 
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200 
5 
d 
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·; -~.7. F;NVIRONMENTAL SURVEILLANCE QU~ITY ASSURANCE -

Sum17111TY: Mound participated in comparison exercises in which samples were analyzed 
. -.- fromoutsidesources-DOE'sEnvironmentalMeasurements/..Qboratory, the U.S. Environ

mental Protection Agency, and Analytical Products Group, Inc. Mound's analyses of a 
number of radiological and nonradiological substances agreed well with that of the external 
labs. Mound also has an internal QimlitY Assurance Program .that inclUdes the use of blank 

- ~--samples, iiziemal standards, iTui duplicate samples. This Quality Assurance Program--- · -
ensures the reliability of Mound data. 

As an essential part of its Quality Assurance 
Program during 1991, Mound analyzed reference 
samples from outside sources: DOE's Environ
mental Measurements Laboratory (EML), EPA's 
NPDES Program, and a private laboratory, Ana
lytical Products Group, Inc. (APG). The EML 
samples consisted of radionuclides in air filters, 
water, soil, and vegetation. The EPA and APG 
samples contained nonradioactive contaminants 
in water. 

Type 

Air 

Soil 

Vegetation 

Water 

·! 

Table 7-1 contains Mound's March 1991 EML 
results. Eleven samples were within 20% and five 
were within 10%. The vegetation sample at 33% 
is attributable to the fact that the concentration 
. was near the detection limit, where a larg~ meas
urement error is expected. 

The September 1991, comparison of Mound 
Quality Assurance Program results with EML 
results (Table 7-2) shows eight samples within 
10%, ten within 20%, and one within 33% .. 

. -:. ·_,. -· . 

• Units are pCi/fllter for air samples, pCi/L for water, and pCiJkg for soil and vegetation. 

b The Mound error is the two sigma error based on counting statistics or based on replicate analysis: 

c The EML error is the standard error of the mean. 
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Table 7-2. Mound DOE Quality Assessment Program Results for Radionuclides 
in Environmental Samples • (September 1991 Samples) 

Sample 
Type 

Air 

Soil 

Vegetation 

Water 

- ... 

Radionuclide 

Pu-239 
U-234 
U-238 

Pu-239 
U-234 · · 
U-238 

Pu-239 

H-3 
Pu-239 . 
U-234 
U-238 

Mound 
Concentrationb 

1.94±4% 
1.12±5%. 
1.13±4% 

219±8% 
736±5% 
716±5% 

10.03± 16% 

2514±9% 
10.9±2% 
13.5±2% 
13.5 ±2% 

. Ratio -
EML Reference Mound/EML 
Concentration c Concentration 

2.27 0.85. 
1.07 1.05 
1.05 1.08 

198 1.11 
780 0.94 
780 0.92 

9.86 1.02 

2700. 0.93 
13.8 ·- 0.79· - ··- _t;; ... 

12.5 
.. 

1.08 - ·. 

12.9 1.05 

• Units are pCilfllterfor air samples. pCiiL for water. and pCilkg for soil. 

b The Mound error is the two sigma error based on counting statistics or based on replicate analysis. 
c The EML error is the standard em>r of the mean.· 

Mound's results for the 1991 EPA-NPDES 
Quality Assurance Program for the detennina
tion of nonradioactive parameters in water are 
shown in Table 7-3. All parameter values fell 
within the established warning and acceptance 
limits. . 

Also, as a parallel to the EPA-NPDES Pro-
gram, in January and July of each year, Mound 
measures nonradioactive parameters in water in 
reference samples prepared by APG (Table 7-4). 
Two samples of different concentrations are ana
lyzed for each parameter. The results are reported 
in the number of standard deviations from the 
average of all participating laboratories. EPA's 
acceptance and warning limits are 2.58 and 1. 96 
standard deviations from the average, respec
tively. Mound's highest standard deviation was 
2.206; all others were below 0.88. Mound's close 
agreement with EPA and APG results demon
stratesitsabilitytoaccuratelymeasurethesenonra
dioactive parameters in water. 

7-2 

In addition to its external Quality Assurance 
Program. Mound has an internal Quality Assur
ance Program that consists of running blanks, 
internal standards, and duplicate samples. Ana
lyzing blanks verifies the absence of excessive 
laboratory contamination or detector background;· 
The standard deviation of the blank values is used 
to calculate the lower detection limits. This step 
is important because many of the samples show 
contaminant concentrations at or below the lower 
detection limit. Analysis of duplicate samples and 
internal standards are performed to evaluate the 
precision of the analytical methods. Deviation 
from an expected value results in the review of the 
analytical process. 

Mound's internal Quality Assurance Program 
and the close agreement between Mound and 
external labs in the EML, EPA, and APG com
parison exercises demonstrate that Mound gener
ates reliable data during its routine monitoring 
programs. 

• 
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Table 7-3. 1991 Mound EPA-NPDES QuaJity ASsUrance Program 
Results for the Detennination of Nonradioactive Parameters in Water 

... 
Mound EPA 

Parameters ... . Value Value 

Trace Metals (J!.g/L) · 

Cadmium 
Chromium 
Copper 
Nickel 
Lead 
Mercury 
Zinc 

pH 

196 
388 
738 
431 
53 .. 

3.29 
114 

··5.56 

Miscellaneous Parameters (mg/L) 

Total Suspended 
Solids 

Oil and Grease 
Total Cyanide 
Total Residual 

Chlorine 
NH,-N 

Demands (mg/L) 

COD 
5-dayBOD 

21.3 
16.2 
0.492 

0.092 
4.27 

63.8 
38.1 

190 
410 
730 
430 
47.9 

3.40 
llO 

5.52 

23.9 
17 
0.530 

O.llO 
4.20 

65.4 
3~.8 

Acceptance . 
Limits 

161-218 
334-477 

. ' 656-817 
383-485 

. 38.3-58.3 
.• 2.54-4.41 

88.5-133 

5.42-5.66 

14.8-26.5 
9.07-22.1 

0.365-0.676 

. 0..0.246 
3.30-5.09 

. 49.3-75.8 
7.12-64.4 
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Warning 
Limits 

168-211 
352-459 
676-797 
396-472 

.. 40.8-55.8 
2.78-4.18 
94.1-128 

5.45-5.64 

16.3-25 
10.7-20.5 

0.404-0.637 

0.009CW.210 
3.51-4.88 

52.1-12.5 
16.4-55.1 

Performance 
Evaluation 

Acceptabl~.. ... . 
Acceptable 
Acceptable . .. 
Acceptable .... · 
Acceptable .. 
Acceptable ... 
Acceptable 

Acceptable 

Acceptable 
Acceptable 
Acceptable 

AcceiJtable 
Acceptable 

Acceptable 
Acceptable 
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Table 7-4. Summary of Mound's Performance in the Analytical Products 
Group Proficiency Environmental Testing Program for 1991 

1st sagmlel2nd sanmle 
Average Standard Deviations 

Parameter Measured Concentrations of Mound Results from 
in Water Measured bl: Mound lbe b. veraa~ szf All Labs* 

. Jan July Jan July 

Trace Metals (V,g/L) 

Cadmium 93/141 30/122 0.08/0.48 0.43/0.59 
Chromium 511180 44/153 0.27/0.08 0.0110.23 
Copper 28/272 50/128 0.26/0.12 0.16/0.86 . 
Nickel 271284 321259 0.3810.14 0.1810.34 
Lead 50/260 1061214 0.31/0.54 0.26/0.48 
Zinc 70/120 36/144 0.27/0.42 0.0410.39 

pH 5.nn.8s 11.39/10.75 0.32/0.U 0.71/0.65 

Miscellaneous Parameters (mg/L) 

Total Suspended Solids 89.6/194.1 721339.7 0.6410.68 0.81/0.76 
Oil and Grease . 4.7/28.5 13.5/27.4 0.29/0.16 0.54/0.42 
Cyanide 0.4312.59 0.0512.73 0.05/0.12 0.27/0.07 
Residual Chloride 0.8312.02 0.32/1.11 0.45/0.88 0.4610.07 
NH,-N 0.8412.17 0.2012.53 0.1810.36 0.13/0.30 

Demands (mg/L) 

BOD 162/23.4 107.2/19.67 0.37/0.51 0.11/0.16 
COD 268134 173.8/31 2.206/0.37 0.23/0.13 

* Warning limit 1.96 
Acceptance limit 2.58 
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EXECUTIVE SUMMARY 

Mound is a government-owned facility operated by EG&G Mound Applied Technologies, Inc., for the 
U.S. Department of Energy (DOE). This integrated production, development, and research site 
performs work in support of DOE's weapon and energy related programs, with emphasis on explosive, 
nuclear, and energy technology. The purpose of this report is to inform the public about the impact of 
Mound's operations on the population and the environment The report contains data from the 
Environmental Monitoring Program, through which Mound maintains continuous surveillance of 
radiological and nonradiological substances emitted from the facility, 

The Mound facility, named after the Miamisburg Indian Mound adjacent to the site, comprises 120 
buildings on 1.24 km2 (306 acres) of land in Miamisburg, Ohio, approximately 16 km (10 mi) 
southwest of Dayton (Figure 1-1). The Great Miami River, which flows southwest through the city 
of Miamisburg, dominates the geography of the five-county region surrounding Mound. The river 
valley is highly industrialized. The rest of the region is predominantly farmland, dotted with light 
industry and small communities. The climate is moderate. The geologic record preserved in the rocks 
underlying Mound indicates that the area has been relatively stable since the beginning of the Paleozoic 
era, more than 500 million years ago. No buildings at the Mound Plant are located on a floodplain or 
in areas considered as wetlands. The principal mission of the Mound facility is research, development, 
and manufacture of non-nuclear explosive components for nuclear weapons that are assembled at 
another DOE site. 

Perspective on Radiation 

Radionuclides, radioactive species of atoms, emit ionizing radiation. Ionizing radiation is radiation 
that has enough energy to remove electrons from substances that it passes through, forming ions: Most 
consequences to humans from radionuclides released to the environment are caused by interactions of 
radiations emitted by the nuclides with human tissue. The units (rems, Sieverts) used to measure 
human exposure to ionizing radiation (or dose) relate the quantity of radiation absorbed to the 
biological effects that quantity will have on the exposed individual. Every day our bodies absorb 
ionizing radiation. Most of it comes from natural sources. The average dose to a resident of the United 
States from natural sources is about 300 mrem (3.0 mSv) each year. Consumer products and medical 
procedures that use radiation are other common sources of ionizing radiation. These sources contribute 
12 mrem (0.12 mSv) and 53 mrem (0.53 mSv), respectively, to the average dose. 

Impact of Releases of Radionuclides at Mound 

Table E-1 summarizes the amounts and kinds of radionuclides Mound released into the air and water 
during 1990. The unit used to measure these radionuclides is the curie (Ci), a unit of measurement of 
radioactivity equal to 3. 7 x 1010 disintegrations per second. To change from curies (Ci) to Becquerels, 
use the conversion table on the front cover of this report The quantities, or activities, shown in Table 
E-1 were measured at the point the effluents were released. However, before any of these radionuclides 
can reach man, they must travel a number of complex pathways and undergo certain changes. For 
instance, plutonium released into the water may become diluted and then reconcentrate in the body of 
a fish that might become food for man. Therefore, to calculate the actual impact such effluents might 
have on the population, concentrations of the radionuclides that enter pathways to man- air, drinking 
water, and foodstuffs- must be measured. From these measurements the radiation dose received by 
an individual in the Mound area can be calculated. 

Dose limits for members of the public are presented in Table E-2. The primary public dose limits 
include consideration of all exposure modes from all Mound activities. The primary dose limit is 
expressed as a committed effective dose equivalent (EDE). Additional public dose limits are 
established by U.S. Environmental Protection Agency (EPA) regulations for exposures to radioactive 
materials. 
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Table E-1. Emuent Data for 1990 

Radionuclide Medium Activity 

Tritium Air- 1823 Cia 
Tritium Water 4.9 Ci 
Plutonium-238 Air 1.8 X 1()-S Ci 
Plutonium-238 Water 6.7 X 1Q-4 Ci 
Plutonium-239 Air 1.5 X 1(}-7 Ci 
Plutonium-239 Water 3.5 X }()-6 Ci 
Uranium-233,234 Air 2.9 x 1()-8 Ci 
Uranium-233,234 Water 4.5 X lQ-4 Ci 
Uranium-238 Air 8.6 X 1(}-8 Ci 

8Total tritium in air consists of: 

Tritium oxide 1222 Ci 
Elemental Tritium 601 Ci 

Table E-2. Radiation Dose Limits for Protection of the Public 
from All Routine DOE Operations 

Annual Committed Effective 
Regulatory Dose Equivalent 

Pathway Standard mrem mSv 

All - occasional annual exposure DOE Order 5400.5 500 5 
All- prolonged (>5y) period of exposure DOE Order 5400.5 100 1 
Air EPA-40 CFR 61 10 0.1 
Drinking Water EPA-40 CFR 141 4 0.04 

In calculating· the dose that would be received by a member of the public from Mound's operations, 
a maximum committed EDE is used. This is the dose that would be received by a .hypothetical 
individual who remained at the Mound site boundary 24 hrs/day, 365 days/yr. continually breathed air 
with the maximum concentrations of radionuclides found at the air sampling stations, consumed all his 
drinking water from offsite wells with the maximum radionuclide concentrations, and consumed a 
portion of the offsite foodstuffs that had the maximum radionuclide concentrations. All of the dose 
contributions from air, water, and foodstuffs are added to obtain an estimate of the total maximum 
committed EDE. Table E-3 shows the maximum committed EDE to an individual living in the area 

• 

• 

that has been calculated from the sampling data gathered by the Mound Environmental Monitoring • 
Program for radionuclides in air, water, and foodstuffs. 
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Table E-3. Maximum Committed Effective Dose Equivalents 
to Individuals in the Population 

Percent of 
Radionuclide Pathway mrem mSv DOE Dose Standard 

Plutonium-238 Air 0.13 (0.0013) 0.13 
Plutonium-238 Water 0.001 (0.00001) 0.001 
Plutonium-238 Vegetation/Foodstuffs 0.003· (0.00003) 0.003 

Total from Plutonium-238 0.13 (0.0013) 0.13 

Tritium Air 0.03 (0.0003) 0.03 
Tritium Water 0.08 (0.0008) 0.08 
Tritium Vegetation/Foodstuffs 0.003 (0.00003) 0.003 

Total from Tritium 0.11 (0.0011) 0.11 

Total from Plutonium-238 and Tritium 0.25 (0.0025) 0.25 

A comparison of Table E-3 with Table E-2 shows that the maximum comrmtted EDE to an individual 
resulting from tritium and plutonium-238 (the radionuclides that make up most of the radioactive 
effluents from Mound operations) was 0.25 mrem (0.0025 mSv). which represents only 0.25% of the 
DOE standard (lOOmrem; 1mSv)forprolongedexposure. ThemaximumEDE from the air pathway 
is 0.16 mrem (0.0016 mSv) which is 1.6% of the NESHAPs standard (10 mrem; 0.1 mSv) . 

Furthermore, Figure E-1 shows that the maximum dose from Mound's effluents represents only a small 
fraction, 0.1 %, of the committed EDE an average individual absorbs from natural, medical, and 
consumer sources. 

The total population (2,982.531 persons) within a radius of 80 kilometers (50 miles) received a total 
of 5.3 person-rem (0.53 person-Sv) from Mound's operations during 1990. This can be compared to 
the almost 1 million person-rem (10,000 person-Sv) a population this size would absorb from natural 
sources (300 mrem; 3 mSv per person). 

S-Year Trends in Radionuclide Releases 

The following graphs illustrate 5-year trends in releases of tritium, plutonium, and uranium to the air 
and to the Great Miami River. 

Tritium. Figure E-2 shows releases of tritium to the atmosphere. The 1989 peak can be attributed to 
a small accidental release. Even with this release, the concentration of tritium measured in air at off site 
locations in 1989 was only 0.009% of the U.S. Department of Energy Derived Concentration Guide 
(DOE DCG) for air in uncontrolled areas. The 1823 Ci released in 1990 represents an approximately 
40% decrease from 1988. The tritium in the air for 1990 resulted in a committed EDE to individuals 
in the population of0.03% of the DOE dose standard. Figure E-3 shows releases of tritium to the Great 
Miami River. The 4.9 Ci in 1990 is slightly less than that in 1989 and is comparable to levels maintained 
in previous years. The maximum committed EDE to individuals in the population resulting from 
tritium in water was 0.08% of the DOE dose standard. The total maximum committed EDE to 
individuals in the population from total tritium in air, water, and vegetation was 0.11% of the DOE dose 
standard . 

Plutonium-238. Figure E-4 shows plutonium-238 releases to the atmosphere. The 1990 peak of 1.8 
x I0-5 Ci is within normal fluctuations during operations. The maximum committed EDE to 
individuals in the population from plutonium-238 in the air was only 0.13% of the DOE dose standard 
(Table E-3). 
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Figure E-1. Sources of radiation dose to and average individual 
versus Mound's contribution 

1986 1987 1988 1989 

Figure E-l. TriUum releases from Mound to the atmosphere 
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Figure E-3. Tritium releases from Mound to the Great Miami River 
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Figure E-4. Plutonlum-238 releases from Mound to the atmosphere 
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Figure E-5 shows releases of plutonium-238 to the Great Miami River. The 6.7 x 1Q-4 Ci released 
during 1990 represents an almost 40% decrease from 1989 and is comparable to that of previous years. 
The resulting maximum committed EDE for 1990 from ingestion of plutonium-238 through the water • 
pathway was 0.()()1 mrem (.00001 mSv) or 0.001% of the DOE dose standard. 

Plutonium-239. Releases of plutonium-239 to both the atmosphere and to the Great Miami River were 
about 100 times lower than releases of plutonium-238 to these media (Figures E-4 through E-7). 

Uranium. Releases ofuranium-233,234 and uranium-238 to the atmosphere were about 100 times 
lower than plutonium-238 releases during 1990 (Figures E-4 and E-8) .. Releases of uranium 
rad:ionuclides to the Great Miami River were about the same as those of plutonium-238 (F~gures E-5 
and E-9). 

ENVIRONMENTAL MONITORING RESULTS 

Besides setting limits on the committed EDE to any member of the public from Mound operations, 
DOE has established DCGs for individual radionuclides. The DCG for a radionuclide is defined as the 
concentration of that radionuclide that will give a committed EDE of 100 mrem (1 mSv) during 
continuous exposure for one year. The concentrations of radionuclides from Mound found in all 
environmental media during 1990 were only small fractions of the DCGs for the respective radionu
clides. 

1.6 

1.4 

1.2 

:1 1.0 
·;::: 
= u 

.-;> 

~ 0.8 

0.6 

0.4 

0.2 

0 

1986 1987 1988 1989 1990 

Figure E-5. Plutonium-238 releases from Mound to the Great Miami River 
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Figure E-7. Plutonium-239 releases from Mound to the Great Miami River 
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Radiological Monitoring of the Atmosphere 

The air was monitored for tritium and plutonium-238 by an onsite perimeter network of 5 samplers and 
an off site network of 15 samplers. Ten oftheoffsite samplers are in the Miamisburg area. One sampler 
is located far enough away to receive virtually no impact from Mound operations, and serves as a 
reference location to establish background levels of radionuclides. The average incremental concen
trations, i.e., in excess of normal background levels measured at the reference location, at the onsite 
samplers for plutonium-238 and tritium oxide were 0.042% and 0.02%, respectively, of the DOE 
DCGs. The off site samples averaged a concentration of plutonium-238 that was 0.013% of the DOE 
DCG, and tritium oxide that was 0.006% of the DOE DCG. Plutonium-239,240 measured offsite 

. represented 1 x 104% of the DOE DCG while the average onsite was 5 x 10"4% of the DOE ECG. 

Radiological Monitoring of Water 

Water samples were collected from locations along the banks of the Great Miami River and were 
analyzed for plutonium-238, tritium, uranium-233,234, and uranium-238. Surface water locations 
were also sampled for plutonium and tritium. Drinking water from Miamisburg and surrounding 
communities was analyzed for tritium, plutonium-238, uranium-233,234 and uranium-238. Silt 
samples were collected from river and surface water locations. The average incremental concentration 
of plutonium-238 in the Great Miami River was 0.0003% of the DOE DCG, tritium 0.001% ofthe DOE 
DCG, while the levels of uranium-233,234 and uranium-238 were below the environmental level 
(natural background level). Surface water locations showed average concentrations of plutonium and 
tritium of 0.0003% and 0.011%, respectively, of the DOE DCGs. 

The average concentration for tritium in all private well locations was 11% of the EPA primary 
drinking water standard (DWS) standard. The average concentration of tritium in Mound's onsite 
wells was 13% oftheEPADWS standard. The average plutonium-238 concentration for private wells 
and Miamisburg city water was below the environmental level. The concentration of plutonium-238 
in Mound's onsite wells was 0.28% of the DOE DCG standard. Private wells and Miamisburg drinking 
water had an average concentration of uranium-233,234 of 0.7% of the DOE DCG, and average 
concentrations of uranium-238 of 0.5% of the standard. Mound's onsite wells had an average 
uranium-233,234 concentration of 1.0% of the DOE DCG standard and an average concentration of 
uranium-238 of 0.7% of the standard. 

Concentrations ofplutonium-238 in silt in the Great Miami River were within the range of fluctuation 
measured in the three years prior to 1990. 

Radiological Monitoring of Foodstuffs and Vegetation 

Locally grown foodstuffs and vegetation samples were collected from the surrounding area. Fish were 
collected from the Great Miami River. Concentrations of tritium in grass ranged from the environmen
tallevel to 0.02 x 1 o-6J.LCi/g. In tomatoes, concentrations ranged from the environmental level to 0.27 
x 1o-61J.Ci/g. Measured plutonium-238 concentrations in grass and root crops indicated no evidence 
of any significant uptake at any of the sampling locations. Plutonium-238 concentrations in fish ranged 
from 0.01 to 0.14 x 1Q-91J.Ci/g. The maximum EDE from eating vegetables and foodstuff was 0.003 
mrem (0.00003 mSv) or 0.003% of the DOE dose standard. The average incremental concentration 
of plutonium-238 in grass, root crops, and fish was below the environmental level. The average 
incremental concentration of tritium in grass and tomatoes was 0.02 x lQ-6 IJ.Ci/g . 
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NONRADIOLOGICAL ENVIRONMENTAL MONITORING 

Nonradiological Monitoring of Air 

Particulate concentrations measured at offsite and onsite air-sampling locations appeared to be 
independent of distance from Mound. This suggests no influence from Mound operations. 

Nonradiological Monitoring of Water 

Mound's effluents exceeded National-Pollutant Discharge Elimination System (NPDES) permit limits 
for biochemical oxygen demand (BOD) in January and February of 1990, but this did not have a 
measurable impact on the water quality of the Great Miami River. 

GROUNDWATER MONITORING PROGRAM 

Samples from monitoring wells were analyzed for various constituents including volatile organics; 
semivolatile organics; pesticides and polychlorinated biphenyls (PCBs); explosives; metals; inorganic 
cations and anions; and rad:ionuclides. Preliminary interpretation of the monitoring data indicates that 
volatile organic chemicals are the primary contaminants of concern. 

ENVIRONMENTAL RESTORATION PROGRAM 

• 

In November 1989 Mound was designated as a Superfund site, i.e., put on the National Priority List 
under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). 
Pursuant to that designation, a multi-year remedial investigation/feasibility study (RI/FS) is in 
progress. This RI!FS continues a DOE Environmental Restoration (ER) program established in 1984 
to identify, assess, and remediate sites at which environmental releases occurred because of spills or • 
inadequate management of hazardous substances. The ER Program will include the assessment and 
any appropriate remediation of contaminated groundwater. 

ENVIRONMENTAL SURVEILLANCE QUALITY ASSURANCE 

To validate the reliability of its data, Mound participates in comparison exercises with external 
laboratories and has an Internal Quality Assurance Program that consists of running blanks, internal 
standards, and duplicate samples. The close agreement between Mound and the external labs in 
comparison exercises demonstrates that Mound generates reliable data during its routine monitoring 
programs. 
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1. INTRODUCTION 

1.1 DESCRIPTION OF MOUND SITE AND OPERATIONS 

1.1.1 Location 

The Mound facility, named after the Miamisburg Indian Mound adjacent to the site, comprises 120 
buildings on 1.24 km2 (306 acres) orland in Miamisburg, Ohio, approximately 16 km (10 mi) 
southwest of Dayton (Figure 1-1). The Great Miami River, which flows southwest through the city 
of Miamisburg, dominates the geography of the five-county region surrounding Mound. The river 
valley is highly industrialized. The rest of the region is predominantly farmland, dotted with light 
industry and small communities. Figure 1-2 shows the locations of these communities, and Figure 
1-3 shows the distribution of population within 80 km (50 mi) of Mound. The 1989 population 
estimates were from the 1980 Census. The primary agricultural activity in the area is raising field crops 
such as corn and soybeans. Approximately 10% of the agricultural land is devoted to pasturing 
livestock. 

The climate is moderate. The average annual precipitation of 91 em (36 in) is evenly distributed 
throughout the year. Precipitation measured at Mound in 1990 was 128 em (50 in). Winds are 
predominantly out of the south southwest (Figure 1-4). The annual average wind speed measured at 
Mound for 1990 was 5.2 m/s (12 mi/hr) (Table 1-1). 

The geologic record preserved in the rocks underlying Mound indicates that the area has been relatively 
stable since the beginning of the Paleozoic era, more than 500 million years ago. No evidence indicates 
subsurface structural folding, significant stratigraphic thinning, or subsurface faulting in the Richmond 
beds, which are nearly horizontal. Nor is there evidence of sub-Richmond structural displacement in 
the immediate surrounding area. Limestone strata, which are interbedded with protective shale layers 
at the site, show no evidence of solution activity. No evidence of solution cavities or cavern 
development has been observed in any borings or outcrops in the Miamisburg area. 

Table 1-1. Percent Frequency of Wind Direction and Wind Speed 
from the Mound Meteorological Tower, Miamisburg, Ohio, for 1990 

Average Speed 
Direction Percent (m/s) 

N 5.6 4.2 
NNE 5.0 4.0 
NE 4.4 3.9 
ENE 3.9 3.8 
E 3.3 3.7 
ESE 3.2 4.0 
SE 3.3 3.9 
SSE 4.4 4.4 -s 11.0 6.1 
ssw 18.3 6.4 
sw 10.4 6.0 
WSW 5.1 5.6 
w 6.2 6.2 
WNW 5.8 5.3 
NW 4.7 4.6 
NNW 5.4 4.3 

Average 5.2 

Total relative frequency of calms distributed above is 0.4%. 
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Figure 1-1. Location of Mound Plant 
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The site topography is indicated in Figure 1-5. The Mound site is from 216 to 268m (710 to 880ft) 

• 

above sea level; most of it is above 244 m (800 ft). No· building in which radioactive material is • 
processed is below an elevation of241 m (790ft). The typical nonflood stage of the Great Miami River 
is at 208m (682ft). The highest flood-water levels that can reasonably be postulated for the Great 
Miami River basin would result in flooding to 216m (710ft), which is approximately the lowest 
elevation at the site. No buildings at the Mound site are located on a floodplain or in areas considered 
as wetlands. 

1.1.2 Mission and Operations 

Mound is an integrated research, development, and production facility working to suppon DOE 
weapon and nonweapon programs, especially in the areas of chemical explosives and nuclear 
technology. The principal mission of the Mound facility is to research, develop, and manufacture non
nuclear explosive components for nuclear weapons that are assembled at another DOE site. Other 
major operations at Mound include: 

Manufacture of stable (nonradioactive) nuclides for medical, industrial, and general research. 

Development and manufacture of small chemical heat sources for the national defense 
program. 

Recovery and purification of tritium from scrap materials at Mound and other DOE sites. 

Development and fabrication of radioisotopic heat sources fueled with plutonium-238 to 
provide power sources for such projects as lunar experiments, satellites, and spacecraft. 

Surveillance of explosive and radioactive weapons components received from other DOE sites . 

Research and development operations at Mound include investigations on chemical explosives and 
pyrotechnics; on plastics, elastomers and adhesives for the nuclear weapons program; on fuel systems 
for thermonuclear energy research programs; on joining of exotic metals; on instrumentation for the 
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Figure 1-3. Distribution of population surrounding Mound 
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Nuclear Safeguards program; on separation techniques and gas dynamics of stable nuclides; on energy 
conversion systems; and on management of radioactive wastes. 

1.2 PERSPECTIVE ON RADIATION 

This section attempts to put into perspective the potential consequences of the radionuclide releases 
described in subsequent sections of this report. These consequences are expressed in terms of the 
radiation doses that could have been received by members of the public and the risks associated with 
such doses. 

Most consequences to humans from radionuclides released to the environment are caused by 
interactions between radiations emitted by the nuclides an·d human tissue. These interactions involve 
the transfer of energy from the radiations to the tissue, a process that may damage the tissue. The 
radiations may come from radionuclides located outside the body (i.e., in or on environmental media 
and man-made objects) and from radionuclides deposited inside the body via inhalation, ingestion, and 
absorption through the skin. Exposures to radiations from nuclides located outside the body are called 
external exposures and will last only as long as the exposed person is near the external sources. 
Exposures to radiations from radionuclides deposited inside the body are called internal exposures and 
will last as long as the radionuclides remain in the body. 

A number of specialized units are used to characterize exposures to ionizing radiations. Because the 
damage associated with such exposures is due primarily to the deposition of radiant energy in tissue, 
these units are described in terms of the amount of radiant energy absorbed by the tissue and the 
biological consequences of the absorbed energy. Some of these units are defined below. 

Absorbed dose measures the ionizing radiation absorbed by a material (e.g., human tissue), 
divided by the mass of the material. The unit of absorbed dose is the gray (Gy) or the rad (1 00 
rads = 1 Gy). 

Dose equivalent measures the biological effect of an absorbed dose on a particular organ or
tissue. It equals the absorbed dose multiplied by factors that relate the absorbed dose to 
biological effects on that particular organ. The unit of dose equivalent is the sieven (S v) or the 
rem (100 rem= 1 Sv). 

Effective dose equivalent measures an individual's overall health risk from an exposure to 
ionizing radiation. It is calculated from the weighted sum of the dose equivalents from the 
irradiated organs. It is also expressed in rems or Sievens. 

Committed effective dose equivalent measures the total dose over the individual's projected 
remaining lifetime (assumed to be 50 years) that results from an intake during 1. year. This 
measurement expresses not only the dose instantaneously received from an external source, but 
also the dose of internal radiation received when an individual has ingested or "inhaled a 
radionuclide that will remain inside the body for months or years. It is also expressed in rems, 
mrems ( 1000 mrems = 1 rem) or Sieverts. 

Collective committed effective dose equivalent measures the sum of the comm1ned effective 
dose equivalents to the individuals in a population. It gives an estimate of the expected health 
risk to the population from a dose of radiation. It can be used to calculate probable risks that 
might be too small to predict on the basis of a single individual. It is expressed in person
Sievens or person-rems. 

• Sources of Radiation 

Every day our bodies absorb ionizing radiation. Most of it comes from natural sources. Consumer 
products and medical procedures that use radiation are other common sources of ionizing radiation. 
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Natural Sources. Natural radiation comes from two sources---cosmic and terrestrial. 

Cosmic radiation results when energetic panicles from outer space, traveling at nearly the speed of 
light, collide with nuclei in our atmosphere, creating radiation and showers of particles that fall to earth. · 
The average annual dose equivalent received from cosmic radiation is 26 mrem (0.26 mSv) for an 
individual living at sea level. Because cosmic radiation dissipates as it travels through the atmosphere, 
individuals living at lower altitudes receive less dose from this source than those living at higher 
altitudes. 

Terrestrial radiation results when radionuclides that are a natural pan of eanh 's rocks and soil emit 
ionizing radiation. Because the concentrations of these radionuclides vary geographically, an 
individual's exposure depends on his location. The average annual dose equivalent from terrestrial 
radiation for an individual living in the U.S. is 28 mrem (0.28 mSv). 

Besides absorbing radiation from external radionuclides, we can also absorb radiation internally when 
we ingest radionuclides along with the food, milk, and water we ingest or along with the air we inhale. 
Once in our bodies, radionuclides follow the same metabolic paths as nonradioactive forms of the same 
elements. The length of time a panicularradionuclide remains and emits radiation depends on whether 
the body eliminates it quickly or stores it for a long period, and on how long it takes for the radionuclide 
to decay into a nonradioactive form. Inhalation of radon contributes about 200 mrem (2.0 mSv) to the 
average annual dose equivalent from internal radiation. Other radionuclides contribute approximately 
39 mrem (0.39 mSv). · 

• 

Consumer Products. Many familiar consumer products emit ionizing radiation. Some must emit 
radiation to perform their functions, e.g., smoke detectors and airport x-ray baggage inspection 
systems. Other products, e.g., TV sets, emit radiation only incidentally to performing their functions. 
The average annual effective dose equivalent to an individual from consumer products ranges from 6 • 
to 12 mrem (0.06 to 0.12 mSv). 

Medical Uses. Radiation is a tool for diagnosing and treating disease. The average· annual dose 
equivalent for an individual in the U.S. from diagnostic radiation is 53 mrem (0.53 mSv). Individuals 
undergoing radiation therapeutic procedures may receive much higher doses. 
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2. COMPLIANCE SUMMARY 

BACKGROUND AND OVERVIEW 

The Mound Plant must operate in conformance with environmental (and other) requirements 
established by a number of federal and state statutes and regulations, Executive Orders, U.S. 
Department of Energy (DOE) Orders, and a Federal Plant Agreement. Compliance status with major 
environmental statutes is summarized below. 

Clean Air Act (CAA) and National Emission StandardSfor Hazardous Air Pollutants (NESHAP) 

Mound has five state air permits from the Ohio Environmental Protection Agency (Ohio EPA). A 
number of other sources are registered with the Regional Air Pollution Control Agency (RAPCA). Ten 
radiological stacks are equipped with stack samplers to monitor tritium, plutonium, or uranium 
emissions. During 1990, all emissions were within required limits and no enforcement citations were 
received. 

A plant-wide survey of all sources was conducted to develop data for filing air permit applications. 
Throughout this study, the survey effon was discussed with RAPCA personnel. RAPCA was provided 
with the scope of work, the name of the contractor involved, and the basic technical approach to be used. 
Current effons focus on ensuring that all appropriate sources are permitted. Approximately forty 
sources were identified, including existing registered sources. Draft permit applications for these 
sources have been prepared. Additional emphasis and staffing are being given to the air effluent 
monitoring program to achieve and maintain compliance with NESHAP. A discussion of issues related 
to achieving full compliance with the CAA is included within the current issues section of this 
summary . 

Clean Water Act (CW A) 

The Mound National Pollutant Discharge Elimination System (NPDES) permit encompasses four 
on site discharges and one intermittent off site discharge that require compliance monitoring. In 1990, 
813 samples were collected for analysis. Four exceedances of permit limits were detected in 1990, all 
involving the biochemical oxygen demand (BOD) of the waste water treatment plant effluent. These 
exceedances resulted from difficulties impacting the efficiency of recycling and removal of sludge 
solids. This increased the BOD and suspended solids content of effluent from the treatment plant. 
Corrective actions included the reoptimization of flow rates in sludge return lines from the clarifier 
tanks. The polymer additions at the clarifier tanks were also adjusted to improve the sludge recycling. 
These adjustments were needed to correct the effect of cold weather, which stressed the sludge and 
decreased its density. This in turn caused additional solids to remain in the liquid phase of the clarifier, 
thus escaping recycling. The sand filters were also cleaned to improve the removal of solids that were 
not recycled by the clarifier. 

The BOD exceedances were reponed to the Dayton Area Office (DAO) of the DOE by EG&G's 
environmental staff. DOE informed the Ohio EPA of these NPDES exceptions. The Ohio EPA 
considered these exceptions minor since they ranged from 6% to 25% over NPDES limits. The 
exceptions occurred in January and February of 1990, and had no significant or measurable impact on 
the water quality of the Great Miami River. -

The NPDES permit was reissued by the Ohio EPA in 1990 and is scheduled for renewal in October 
1991. 

Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) 

A representative of the EPA conducted a FIFRA inspection on September 28, 1990, and found that a 
Restricted Use Pesticide, Lasso Micro-Tech, was being used by facility personnel who were not 
cenified and licensed pesticide applicators. In response to the EPA's Notice ofW aming letter, Mound 
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noted that use of the pesticide had ceased and arrangements were being made to remove the container 
of material from the site. 

Underground Storage Tanks (USTs) 

In compliance with UST regulations, Mound has performed tightness tests and tank closures. In 1990, 
seven USTs containing petroleum products were tested for tightness and three tanks were closed by 
removal in order to meet Ohio Bureau of Underground Storage Tank Regulations (BUSTR). These 
three tanks were inactive and had been partially closed by being emptied before 1980. The three tanks 
were excavated and removed from the site dunng November and December 1990. A closure plan was 
furnished to the EPA, Ohio EPA, and BUSTR during September 1990. The closure assessment repon 
is being forwarded to the Ohio EPA and BUSTR offices, per regulatory requirements, through a 
certified UST contractor. 

Two of the three tank sites were confinned by soil analysis to contain low -levels of petroleum 
contamination around the bottoms of the tank excavations. The contaminated soil will be excavated 
by the contractor and kept on site for bioremediation in an isolated area of the plant. The sites were 
secured during the reporting period with construction barriers. Because of the elevation and 
topography characteristics, the two sites were not subject to infiltration problems from storm runoff. 
The tanks were listed on a State of Ohio notification list in 1986, as required by the State. The State 
of Ohio is using this notification list to monitor remediation activities on the listed tanks. 

Toxic Substances Control Act (TSCA) 

Mound does not generate any TSCA waste streams on a regular basis. In 1990, a transformer leak 
caused PCB contamination of a concrete pad and underlying soils. The transformer, which previously 
had the PCB oil replaced with mineral oil, was in storage as a back -up replacement. It appears that there 

• 

was still some residual PCB contamination that leaked onto the pad and down a pad seam to soil below. • 
The site was excavated and remediated under TSCA regulanons in 1990. Following the cleanup, 
additional PCB material was discovered, not related to this release, and the resolution of this finding 
was assigned to the Environmental Restoration (ER) program under CERCLA (discussed further in 
the First Quarter of 1991 Summary). 

Comprehensive Environmental Response, Compensation, and Liability Act {CERCLA) 

The Mound Plant has been listed on the National Priority List (NPL) as a Superfund site. A Federal 
Plant Agreement (FFA) covering CERCLA assessment and cleanup was signed on August 6, 1990 
with EPA defming the procedures for site investigation and remediation of inactive waste sites. The 
preliminary assessment did not identify any conditions that required immediate corrective action. 
However, 125 potential release sites have been identified and grouped into 9 operable units for further 
assessment. Some remedial investigation activities began in Operable Unit 1. More work will continue 
in 1991 as the Remedial Investigation workplans are approved by the regulatorS. One Operable Unit 
(#7) consists of areas requiring no further action based on the description of past practices. 

Safe Drinking Water Act 

Ohio EPA cited Mound's water treatment facility for not maintaining the appropriate residual" chlorine 
levels at distant drinking fountains on several occasions. This is caused primarily by the configuration 
of the water supply system. The Mound Plant requested a waiver during September, 1990 from Ohio 
EPA, as allowed by the regulations, on the chlorine levels. The request is undergoing evaluation by 
the regulators. 

National Historic Preservation Act (NHP A) 

During 1990, an archaeologic site survey was conducted in the areas of the Miami-Erie Canal and a • 
small undeveloped portion of the site to Identify any undisturbed areas which may contain structures 
or items of cultural or historical interest. Nothing of significance was encountered during the 
investigations. A report is currently being prepared. 
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• Resource Conservation and Recovery Act (RCRA) 

• 

• 

The Mound Plant has Interim Status as a RCRA treatment and storage facility. There are three storage 
units and three treatment units, including a glass melter, explosives open burning, and explosives 
retorting. These units are included in the pending RCRA Part B permit application. At Ohio EPA's 
request, a revised Pan B permit application was submitted in 1990 covering hazardous waste and 
radioactive mixed waste. 

RCRA inspections were made by the Ohio EPA on July 30-31, 1990, and by the EPA on September 
25, 1990. In addition, an inspecnon of Mound Solid Waste Management U ntts was conducted joint! y 

. by Ohio EPA and EPA on August 16, 1990. During these inspections, nine minor violations were cited. 
All violations were either immediately corrected or were subsequently closed by the end of December 
1990. 

During the inspection on July 30-31, 1990, Ohio EPA represented the EPA in a Land Disposal 
Restriction (LDR) inspection. Notification was received from EPA on October 17, 1990, that Mound 
was found to be in compliance with applicable LDR rules and regulations. 

The only wastes currently treated on site are explosives and pyrophorics. Several hundred pounds of 
these materials are treated annually by open burning and by use of a retort. All hazardous wastes, except 
explosives and pyrotechnics, are shipped off site for disposal. Approximately 111,000 pounds of a 

· wide variety of hazardous chemicals and mixtures of chemicals were shipped for treatment and/or 
disposal, by incineration or other means, during 1990. The major waste streams were solvents, 
photowastes, and plating wastes. 

Non-hazardous solid waste generated at Mound is disposed at a local licensed and permitted sanitary 
landfill. In addition, a recycling program for white high-grade paper and aluminum has been 
established. Disposal of radioactive mixed waste is discussed in the Current Issues section. 

National Environmental Policy Act (NEP A) 

An Environmental Assessment (EA) for the Glass Melter was submitted to DOE in February 1989, 
following an agreement between the EPA and DOE that the EA was required. The EA was reviewed 
by DOE and comments were received in June 1989. Mound resubmitted the EA to DOE in August, 
1990. The EA is currently being reviewed by DOE. 

In addition, numerous environmental checklists and other NEP A-related documents were prepared in 
1990. 

Endangered Species Act 

There are no endangered species identified at the Mound Plant at this time. Areas of habitat preferred 
by the Indiana Bat are present onsite thou~h the bat itself has not been detected. If future activity will 
disturb those habitats, a careful survey will first be conducted to ensure that the bat is not present or · 
that it is protected. 

Floodplain and Wetlands Executive Orders 

The main plant is not located in a floodplain. Some recent determinations indicate that lower areas 
around production wells may be in a 100-year floodplain, but main plant operations are unaffected. 

At this time, no wetlands have been affected by main plant operations. During implementation of site
wide Operable Unit Nine in the Environmental Restoration Program in 1991, a detailed evaluation of 
any wetlands onsite will be conducted. · 

CURRENT ISSUES 

A number of specific compliance issues have been identified as a result of recent intensive efforts to 
attain full compliance. The significant issues are discussed below. 
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Tiger T earn Action Plan 

In response to the Tiger Team assessment from the previous year, an action plan was developed with 
a number of scheduled milestones. Thiny-eight findings were scheduled for completion of corrective 
actions in 1990. Corrective actions have been completed for thiny-three, including twenty-one 
environmental issues, nine safety and health issues, and three management issues. Five milestones 
were partially completed and extensions were requested because of the complexities involved. 

Air Permits 

The draft permit applications will be validated and then submitted on a schedule to be negotiated with 
RAPCA. Preliminary discussions have been held with EPA regarding compliance with NESHAP. 
Based on written communications with Region V, Mound intends to use air effluent monitoring data 
and dispersion calculations to demonstrate compliance. Current data demonstrate compliance with the 
NESHAPstandardoflOmrem(O.l mSv). UsingCAP-88,themaximumoffsiteexposureisO.ll mrem 
(0.0011 mSv). 

NESHAP states that radionuclide emission rates from stacks or vents shall be measured in accordance 
with referenced requirements or other procedures for which the EPA has granted approval. The 
referenced requirements are contained in Reference Methods 2 and 2a of Appendix A of 40 CFR 60 
for air flow rate measurements, and in ANSI Nl3.1 for air sample collecnon. The methodologies 
currently in use at Mound are believed to meet the intent of the referenced methods. However, most 
of Mound's air effluent monitoring systems deviate from the details of the recommendations contained 
in these references. It is unresolved whether the EPA will approve all of the methodologies currently 
in use at Mound. If EPA will not approve the procedures, an assessment will be made as to whether 
a variance request should be submitted to EPA. 

TSCA Mixed Wastes 

Because of the lack of treatment and disposal capabilities, thiny containers of PCB and radioactive 
PCB waste are stored onsite in excess of the one-year limit set by TSCA. The EPA is aware of the 
storage and has documented it during inspections but not cited Mound for a violation. The material 
will continue to be included in the annual PCB report until a disposal or treatment alternative is 
available. · 

Environmental Restoration Wastes 

Upcoming Environmental Restoration (ER) investigations and remediation may generate substantial 
quantities of hazardous and radioactive mixed wastes. Potential sources include drill cuttings from 
monitoring well installation, water from well development and purging, soil cuttings from excavations 
and boreholes, decontamination rinse waters and contaminated ~nal protective equipment. 
Coordination between ER and Waste Management staff will be requrred in order to accommodate all 
of the required activities without exceeding permitted storage capacity. 

State Involvement in Remedial Investigation 

While all parties show interest, an agreement with Ohio EPA has not been signed_ defining the state's 
role in the remedial investigation and subsequent remediation. Ohio EPA and EPA were not able to 
agree on wording for a three-party agreement with DOE, and progress towards a two-party agreement 
between DOE and Ohio has been intermittent. In the interim, Mound continues to interface with Ohio 
EPA as though they were a signatory to the agreement within EPA. 

Radioactive Mixed Wastes 

• 

• 

Like many other DOE facilities, Mound does not have a treatment or disposal option for its radioactive • 
mixed wastes. The only alternative at this time is storage. 
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State Oversight Monitoring 

There are no signifi~ant incr~ases expe~ted in oversight m~nitori~g. ~y the State of Ohio .. Un~es~ an 
agreement dealmg wtth oversight ofEnVU'Onmental Restoranon acovmes or an Agreement m Principle 
is signed, no change is anticipated. 

Summary of Permits 

Mound has one NPDES permit covering four outfalls and five air emission permits from the Ohio EPA 
Th~ site has filed an application with the Ohio EPA for a site-wide RCRA permit covering all waste 
storage and treatment facilities. Mound has authorization from RAPCA for open burning of explosive 
waste and for conducting fire training exercises on site. Twelve additional sources of air pollutants are 
on registration status with Ohio EPA. 

FIRST QUARTER OF 1991 

A number of quantifiable tasks dealing with environmental compliance at Mound have already been 
achieved in 1991. Some of these are listed below. 

Tiger Team Action Plan 

Corrective actions were completed for three additional Tiger Team findings covering environmental 
and safety and health issues. As of April 1, 1991, correcnve actions have been completed for thirty
six of the seventy-seven findings noted by the Tiger Team. This includes the compleoon of corrective 
actions for twenty-two of the forty-five environmental findings noted. Effons continue to complete 
actions associated with all remaining open fmdings. 

Underground Storage Tanks (USTs) 

Engineering design for closure of two more petroleum USTs is underway. Even though these tanks 
are under deferment because they are used in an emergency power system, Mound is going beyond the 
base re~latory requirements and replacing them with above-~ound tanks. Tighmess testing is 
scheduled for four more fuel tanks. n is anocipated that by the close of 1991 all tanks at Mound on 
the enforcement list of the Bureau of Underground Storage Tanks will be remediated on schedule. 

Clean Water Act 

A total of 209 discharge monitoring samples were collected and analyzed in the first quarter of 1991. 
No NPDES exceedances occurred during this quarter. 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

The PCB contamination discovered during the TSCA cleanup in late 1990 was excavated and 
containerized for offsite disposal under the ER program. 

Resource Conservation and Recovery Act (RCRA) 

On 1 anuary 31, 1991, the Ohio EPA conducted an inspection to verify corrections of violations cited 
during 1990. As a result of this inspection, a letter was sent to Mound on February 4, 1991, stating that 
Mound is in compliance with both State and Federal Hazardous Waste Rules and Regulations. 

Regulatory Compliance Status 

Mound continues to correct known regulatory compliance deficiencies. None of the deficiencies 
identified to date create an unacceptable health or safety risk. The Tiger Team concluded that their 
assessment identified no problems at Mound that warranted cunailment or cessation of operations. 
Mound management believes that it is unlikely that the public health and safety orthe environment are 
being adversely affected by operation of the site while it corrects identified deficiencies and strives to 
achieve and maintain full compliance with all applicable requirements in a timely manner. 
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3. ENVIRONMENTAL PROGRAM INFORMATION 

3.1 OVERVIEW OF ENVIRONMENTAL MONITORING PROGRAM 

The Mound Environmental Program monitors air, water, silt, vegetation, and foodstuffs. Samples are 
collected from the environment up to 64 km (40 mi) from Mound's boundaries and are then analyzed 
for the specific radionuclides and nonradioactive substances processed by operations at Mound. 
Table 3-1 summarizes the monitoring program. 

3.1.1 Rationale for Environmental Monitoring 

The Mound Environmental Monitoring Program has for its primary objectives the following: 

To assess exposure, actual or potential, to the population from radioactive and nonradioactive 
materials from normal operations or accidents. 

To provide prompt and reliable information to, and effectively communicate with, government 
agencies and the public so that they can intelligently maintain environmental and public safety. 

To demonstrate compliance with standards. 

To check the effectiveness of facility containment operations. 

To warn of unusual or unforeseen conditions. 

Secondary objectives of environmental surveillance are: 

To record continuously the effect of the site and its operations on the environment. 

To collect data on the concentrations of radioactive and nonradioactive substances in the air, 
water, soil, and biota to assess the short- and long-term effects of normal or accidental releases. 

To distinguish Mound's contributions from that of other sources. 

To advise of changing conditions so the program can be up-dated and revised in response to 
them. · 

To provide data that will eliminate uncertainties and thus enable more accurate predictions of 
risks to humans. 

To conduct studies to learn more about how radioactive and nonradioactive substances are 
transferred in the environment. 

The following chapters describe how Mound's comprehensive Environmental Monitoring Program 
meets these objectives. 

Rationale for Design of the Monitoring Program 

Four factors guide the design of the sampling operations that are part of the Environmental Monitoring 
Program: measurement, dispersion, accumulation, and potential risk to humans and the environment. 
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Table 3-1. Monitoring Program 

Ajr Surveillance 

Offsite: 14locations 
Onsite: 5 locations 
Stack Emission: 10 locations 

Water Surveillance- Offsjte 

River: 5locations 
5locations 

Pond: ?locations 
Municipal 

12locations . Drinking Water: 
1 location 

Well Water: ?locations 
4locations 

Water Surveillance - Onsite 

Effluent Water: 3locations 
!location 

3locations 
2locations 
!location 

!location 

4locations 

Well Water: 3 locations 
3locations 

Silt Surveillance - Offsite 

River: 5 locations 
Pond: 6 locations 

Ye~etation and Foo<istuff Surveillance 

Vegetation: 6 locations 
FoOdstuffs: 6 locations 

Sampling Frequency 

Weekly 
Weekly 
Daily 

Weeki~ 
Monthh 
Quarter y 

Monthly 
Monthly 
Monthl" 
Quartery 

Daily 
Daily 

Weekly 
Weekly 
Weekly 

Monthly 

Quarterly 

Weekly 
Monthly 

Quarterly. 
Quarterly 

Annually 
Annually 

Parameter Measured3 

liTO, Pu, paniculates 
HTO, Pu, paniculates 
HT,IITO, Pu, U 

HTO 
Pu, u 
HTO,Pu, U 

HTO 
Pu 
HTO 
Pu, u 

Flow, HTO, Pu, U 
pH, residual chlorine 

Suspended solids · 

b~Ds, COD, fecal coliform 

E. coliform, ammonia, 
cyanide, copper, chromium, 
cadmium, mckel, pH, oil and 
grease 

Total toxic organics 

liTO 
Pu, u 

Pu 
Pu 

HTO, Pu -
HTO,Pu 

Environmental Level ffiackwmnd) Surveillance 

Five Media: 6 locations 

a HTO 
HT 
Pu 
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Tritium oxide 
Elemental tritium 
Plutonium 

Quarterly, 
Monthly, 

or Annually 

u -
BODs -
COD -

15 

HTO, Pu, U 

Uranium 
Five-day biochemical oxygen demand 
Chemical oxygen demand 
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Measurement. The program is designed to maximize the efficiency and sensitivity of the measure- • 
ments taken. Measurement at the source is the most efficient type of monitoring; therefore, the program 
provides continuous measurement of radioactive substances at their sources. A high level of 
monitoring capability is crucial to the program. Mound • s laboratory and field instruments, both at the 
emission source and in the environment, allow sensitive detection of most radioactive and nonradio-
active substances. 

Dispersion. The program is designed to concentrate sampling units in directions of predominant wind 
flow to enable reconstruction of exposures from inadvertent releases. 

Accumula.tion. Many substances accumulate at specific points in the environment. The program 
monitors points of concentration to detect contaminants otherwise present in such low concentrations 
in the environment that they might go undetected. 

Potential Risk. Monitoring of substances hazardous to humans or the environment is given high 
priority. Other relatively innocuous substances may also be monitored because they are items of public 
concern. 

Mound monitors those media in the environment that are most likely to contain the radionuclides of 
concern at Mound, namely tritium and plutonium-238. For example, to verify that plutonium-238 
levels are maintained within the acceptable standard in drinking water, Mound monitors community 
water supplies and well water. In addition, since plutonium-238 has a high affinity for soil and 
sediment, Mound analyzes silt and water in ponds and rivers. Bottom-feeding fish, i.e., carp, collected 
close to, and downstream of, Mound's Great Miami River outfalls are also sampled and analyzed. 

The rationale for monitoring foodstuffs and vegetation is to sample readily available media that would 
most likely contain the radionuclides of primary concern at Mound. Grass is analyzed for both tritium • 
and plutonium-238 because it can take up these radionuclides from both air and soil. Root crops can 
take up plutonium-238 from the soil. Tomatoes, with their high water content, are good indicators of 
uptake of tritium from air and soil. 

The very small quantities of radionuclides other than plutonium-238 and tritium used at Mound are 
unlikely to pose any threat to the public or the environment. In cases· where it is even remotely possible 
that these radionuclides could be found in more than insignificant quantities in the environment, they 
are added to Mound's routine environmental monitoring program. Mound does not handle significant 
quantities of uranium-233,234 or uranium-238. However, because uranium-234 is a decay product of 
plutonium-238, it has become a part of Mound's routine environmental monitoring program. Mound 
collects samples for uranium-233,234 in drinking water, and in river and pond water where long-term 
decay and leaching could allow it to become a pollutant. 

All concentrations of radionuclides are determined by subtracting the instrument background and 
reagent blanks from the sample count. The lower detection limit (LDL) is shown for each set of data 
in this report for comparative purposes and for single sample evaluation. The LDL is that value at 
which the presence of a contaminant, above that inherent in the detection method (including reagent 
blank) can be inferred at the 95% confidence level. It is calculated from the combined instrument and 
reagent blank backgrounds and their estimated standard deviation. · 

In addition to selecting sampling points along predicted dispersion pathways, points are selected at 
locations where discharges from the Mound facility would have no measurable impact. These 
locations are usually in a direction away from the prevailing winds and at a distance where virtually 
no impact would be measured. These are called "reference" or "background" locations. Sampling 
results from these locations are compared to those that may be affected by discharges from the Mound • 
facility to determine the potential impact of the facility on the surrounding environment. 
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Concentrations measured at the reference location are called "environmental levels" in this report and 
previous years' reports. Environmental levels ofradionuclides in various media as measured during 
1990 by Mound are shown in Table 3-2. The average annual environmental level is subtracted from 
all onsite and offsite data except where noted. The concentration calculated from this difference, i.e., 
the incremental concentration, indicates the Mound facility's contribution to the environment These 
concentrations are averaged for the year and then compared to either a DOE DCG or to a regulatory 
standard. 

Table 3-2. Environmental (Reference) Concentrations of Radionuclides 
in Various Media in 1990 . 

Radionuclide Averagea.h Unit 

Plutonium-238 in airb 0.06 ± 0.17 tQ-18 ~Ci/mL 
Plutonium-239 in airb 0.07 ± 0.06 tQ-18 ~Ci/mL 
Tritium oxide in airb 2.63 ± 0.89 tQ-12 ~Ci/mL 
Plutonium-238 in river water<= 0.4 ± 1.33 tQ-12 ~Ci/mL 
Tritium in river wateyC -0.1 ± 0.07 lQ-6 ~Ci/mL 
Plutonium-238 in surface wateri 0.84 ± 1.68 IQ-12 ~Ci/mL 
Tritium in surface wateri -0.26 ± 0.34 J0-6 ~Ci/mL 
Plutonium-238 in well watere,g -0.19 ± 2.19 I0-12 ~Ci/mL 
Tritium in well watere -0.09 ± 0.06 lQ-6 J.LCi/mL 
Uranium-233,234 in well watere,g 0.27 ± 0.06 IQ-9 J.LCi/mL 
Uranium-233,234 in river wateyC 0.83 ± 0.08 tQ-9 J.LCi/mL 
Uranium-238 in well watere,g 0.19 ± 0.05 tQ-9 J.LCi/mL 
Uranium-238 in river wateyC 0.78 ± 0.07 tQ-9 ~Ci/mL 
Plutonium-238 in river siltc · -0.04 ± 0.95 tQ-9 J.LCi/g 
Plutonium-238 in pond siltc 1.04 ± 1.55 ·tQ-9 J.LCi/mL 
Tritium in grassd 0.1 ± 0.05 tQ-6 J.LCi/g 
Tritium in tomatoesf -0.14 ± 0.06 tQ-6 J.LCi/g 
Plutonium-238 in grassd 0.06 ± 0.47 tQ-9 J.LCi/g 
Plutonium-238 in root cropf 0.05 ± 0.06 tQ-9 ~Ci/g 
Plutonium-238 in fishf 0.02 ± 0.14 1Q-9 ~Ci/g 

3Error limits are estimates of the standard error of the estimated means at the 95% confidence leveL 
bMeasured at offsite sampler 119, 44.8 km (28 mi) northwest of Mound. 
CMeasured 32 km (20 mi) upstream on the Great Miami River. 
dMeasured 61 km (38 mi) southeast of Mound. 
eMeasured 58 km (36 mi) southeast of Mound. 
fMeasured 64 km (40 mi) west of Mound. 
8A verage of monthly values. 
hNegative values represent concentrations below· the laboratory blank. 

The amounts of radionuclide being measured in the environment are small-most values in this report 
are expressed in microcuries (J.lCi; 1Ci = 1 million J,1Ci). Such low concentrations, along with the 
statistical uncertainty inherent in measuring them, can result in negative values. Thus, negative values 
appear both in the environmental levels presented in Table 3-2 and in the concentrations of 
radionuclides reported from Mound's Environmental Monitoring Program. 

A negative or zero incremental concentration means that the concentration at the sampling location is 
equivalent to the environmental level and that there is no significant impact from the Mound facility . 

The tables in this report include the number of samples analyzed during the year, the minimum and 
maximum concentrations measured, the average value, the 95% confidence levels around the average, 
and a comparison (where appropriate) of the average to a DOE or regulatory standard. This comparison 
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is expressed as a percent of the standard. The error limits shown with each table of data are estimates 
of the standard error of the estimated means at the 95% confidence level. These values include all 
sources of variability including sampling, analyses, counting statistics, and the propagated error 
involved when the environmental levels (background levels) are subtracted from the other measured 
values. · 

The design of the monitoring program is reviewed periodically, and if a rationale no longer exists for 
a certain measurement, it is deleted. Also the program can expand to include new, state-of-the-an 
monitoring methods or to meet new regulatory requirements. 

Rationale for Calculating Offsite Doses 

Data from the Environmental Program are used to calculate committed EDE to an individual and to 
the population as a whole in the Mound area. The pwposes of calculating off site radiation doses to the 
public are to: 

- assess continuously radiation exposures to the public, 

- minimize risks, 

- ensure public health, 

- recognize and reflect public trust, and 

- demonstrate that the protection of the public is a paramount concern. 

3.2 OVERVIEW OF ENVIRONMENTAL ACTIVITIES 

3.2.1 Effluent Treatment and Waste Management 

High efficiency particulate air (HEPA) filters remove radionuclides in particulate fonn from process 
air emissions. Air effluents are filtered first at their points of origin (i.e., gloveboxes) and again just 
before reaching the release point (i.e., the stack). The filtering system at the stack comprises two banks 
ofHEPA filters in series, each bank having a collection efficiency of 99.95%. Chemical processing 
removes tritium from waste gas streams. Solid radioactive wastes are normally packaged and shipped 
offsite for burial at approved burial sites. Until May 1, 1990, low-level radioactive wastes were shipped 
to the Nevada Test Site. Shipments were stopped pending approval of the "Mound Plant Application 
to Ship Waste to the Nevada Test Site." All wastes, including solidified sludges from radioactive waste 
water treatment, are currently being stored onsite. Wastes generated in the processing of explosive 
materials are collected and disposed of according to the Defense Armament and Research Command 
(DARCOM) Regulation 385-100 arid DOE/EV/06194-1. 

An onsite sanitary waste treatment plant provides secondary treatment, in accordance with EPA 
regulations, using an activated sludge process operating in the extended aefcltion mode. The 
installation of a continuous backwash sand filter in 1986 upgraded the waste treatment plant to 
essentially tertiary treatment All domestic sewage generated onsite is treated at the waste treatment 
plant. The influent and effluent at the sewage treatment plant are monitored for radioactivity to ensure 
no undetected discharge can occur to the environment via the sanitary sewage plant. All wastewater, 
after appropriate treatment, is discharged from the site to the Great Miami River. Digested sludge from 
the sewage plant is shipped offsite as low specific activity (LSA) radioactive waste for burial at an 
approved burial site. 

Nonradioactive solid wastes are disposed of according to a recycling and reclamation program 
whenever possible. White paper, scrap metal, and wood are sold for reclamation. General refuse is 
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transponed to a sanitary landfill site approved by both the state and county. Hazardous wastes are 
containerized, manifested, and moved off site by a waste disposal firm for treannent or disposal using 
EPA-approved procedures. 

3.2.2 Environmental Restoration Program 

The Mound Plant was designated as a Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA) National Priority List (i.e., Superfund) site in November 1989 (Environmen
tal Protection Agency Administrative Docket Number: V-W-'90-C-075). Pursuant to that designa
tion, a multi-year program of remedial investigation/feasibility studies (RIIFSs) and remediation is in 
progress. The DOE Environmental Restoration Program (ER Program) was established in 1984 to 
identify, assess, and remediate sites at which environmc;ntal releases occurred because of spills or 
inadequate management of hazardous substances. 

The ER Program includes the assessment and remediation of contaminated groundwater. The Mound 
Plant also has a Groundwater Protection Management Program (EG&G March 1990) that was 
established pursuant to DOE Order 5400.1. The Groundwater Protection Management Program Plan 
recognizes that "until assessment and remediation, if any, is completed, the RIIFS will comprise the 
major ponion of groundwater protection management at Mound Plant." Regarding annual reponing, 
the Program Plan states that: 

"During the completion of the ER Program a substantial amount of groundwater 
information and analytical data will be presented in ER Program repons, but will be 
referenced in the annual repon. However, some groundwater monitoring data will 
continue to be presented or sununarized directly in the annual report" 

One ER Program repon (DOE December 1990), completed during the previous year, is a compendium 
of monitoring well geologic logs and contains a substantial amount of groundwater information. Also, 
an RI!FS work plan for the Mound Plant, submitted to US EPA and Ohio EPA in April, 1990, was 
reviewed, and was scheduled to be resubmitted for regulatory review beginning February 18, 1991 
(DOE 1991 in preparation). The work plan will contain a substantial discussion of prior groundwater 
monitoring, and is scheduled to be completed in 1991. 

In addition to the above references, and as directed by the Groundwater Protection Management 
Program Plan (EG&G March 1990), some groundwater monitoring data are presented or summarized 
in Section 6 of this repon. The ER Program monitored groundwater elevations on a monthly basis from 
February through October. Those water level maps are included in an ER Program technical memo 
(DOE 1991 in preparation). 

The ER Program collected samples from monitoring wells for analysis of various constituents, 
incl~ding volatile organics; semi volatile organics or base, neutral, acid extractables (BNA); pesticides 
and polychlorinated biphenyls (PCBs); explosives; metals; inorganic cations; inorganic ar:1ions; and 
radionuclides. The sample collection dates and results of the analyses are included in the technical 
memo (DOE April 1991). 

The remedial investigation has been divided into nine operable units to facilitate -the management of 
the program. To date Operable Unit 1 has been the focus of groundwater investigations and addresses 
identified contamination of groundwater by all contaminants. The interpretation of the 1990 
groundwater sampling and analysis will culminate in a remedial investigation repon for Operable Unit 
1. Preliminary technical memoranda presenting the data are scheduled to be completed in 1991, and 
the final repon is scheduled to be completed in early 1992 . 
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Preliminary interpretation of the 1990 groundwater monitoring data indicates that volatile organic • 
chemicals are the primary contaminants of concern. Most of the other types of analyses indicated either 
the absence of potential contaminants or the presence of naturally occurring substances within their 
expected normal concentrations. 

3.2.3 Self-Assessment Activities 

Several self-assessments of environmental activities were perfonned at Mound during 1990. As a 
result of these self-assessment activities, 20 findings were resolved for environmental monitoring, 2 
fmdings were resolved for hazardous waste management, 23 findings were resolved for transuranic 
waste (TRU) management, and 4 findings were resolved for As-Low-as-Reasonably-Achievable 
(ALARA) activities. 

3.2.4 Pollution-Prevention Awareness and Waste Minimization 

The structure of Mound's waste reduction program was detailed in Mound's Waste Minimization Plan 
published in October, 1989. A revision of this plan, which incorporates increased emphasis on 
pollution prevention awareness, is currently undergoing review. A fmal draft of a subpart of theW aste 
Minimization Plan, the Process Waste Assessment Plan, is also under review. 

Mound is currently implementing most elements of the Waste Minimization Plan. Mound's top 
management has expressed, through a policy statement and through verbal communications, its 
commitment to waste reduction. Mound's managers and supervisors have been requested to include 
waste reduction goals as part of performance evaluations. All employees receive training relative to 
waste while smaller groups of employees are given training in hazardous waste and radioactive waste 
prevention. 

Mound's waste streams have been generally characterized, and a waste tracking system has been 
developed. Several process waste assessments to further define process mass balances, multimedia 
waste generation, and opportunities for waste prevention/waste minimization are planned for fiscal 
year 1991. 

Significant waste reduction has occurred at Mound during 1990. Plans to replace scintillation fluid 
containing hazardous components with nonhazardous scintillation fluid are in effect. An ice-control 
agent was replaced with an equally efficient substitute to avoid having a RCRA hazardous waste. 
Effons were underway to eliminate halogenated solvents from de greasing operations. Where practical, 
solvent-based paints are being replaced with water-based paints. Solvent substitution is taking place 
in operations where practical. Mound is also involved in technology transfer in this area by assisting 
a major supplier to incorporate environmentally responsive cleaning processes and materials. 

Offsite recycling is being implemented for halogenated solvents, oils, lead-acid batteries, and metals. 

A pilot-scale aluminum can, computer paper, and high grade white paperrecyclingprogram is currently 
underway at the plant. 

Mound, based on its active waste minimization program, can certify on each Hazardous Waste 
Manifest that the Plant has a "program in place to reduce the volume and toxicity of waste generated" 
to the degree "determined to be economically practicable." Mound provides an annual waste 
minimization repon to the Ohio EPA. 
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3.2.5 Environmental Training 

During 1990, Mound had in effect a training program on environmental topics. As pan of that program, 
General Hazard Communication training was presented for all employees. Superfund Amendment and 
Reauthorization Act (SARA)/RCRA and waste minimization training was updated and presented to 
employees. 

Additionally, Oak Ridge Associated Universities (ORAU) is conducting an Environmental, Safety, 
and Health (ES&H) needs assessment with regard to regulatory training requirements. This will result 
in identification of additional training requirement needs . 
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4. ENVIRONMENTAL RADIOLOGICAL PROGRAM 

Summary: Air was sampled by a network of onsire and of/sire samplers and analyzed for tritium oxide, 
p/uroniwn-238, and pluroniwn-239,240 the radionuclides of primary concern in Mound's effluents. 
Analyses showed concentrations of these radionuclides well within DOE limits. Water and silt were 
sampled from the Grear Miami River and local ponds. Drinking water samples were taken from onsite 
wells, Miamisburg city warer,from surrou.nding communities, and from private wells. The water and 
silt from the river and ponds were analyzed for plutoniwn-238. The river water, pond water, and 
drinking water samples were tested for tritium. Samples from the river, Miamisburg drinking water, 
private wells, and onsite wells were analyzed for uraniwn-233,234 and uranium-238. All values 
measured in these analyses were well within the applicable DOE DCGs or EPA standards. 

4.1 AIR MONITORING PROGRAM 

4.1.1 Description of Monitoring Program 

4.1.1.1 Effluent Monitoring 

Stacks that release radioactive materials at Mound are sampled continuously. Those that have the 
potential for release of radioactive materials in more than insignificant quantities are also monitored 
continuously with alann systems. 

In tritium areas where a significant release potential exists, air in laboratories, storage areas, and 
ventilation exhaust stacks serving these areas is continuously monitored for nitium by ionization 
chambers that incorporate alann systems. If a release occurs, these systems are designed to locate the 
source. In most situations, an effluent removal system and effluent containment system prevents or 

• 

reduces the release of nitium to the atmosphere. • 

In plutonium areas where a significant release potential exists, ventilation air passes through a 
minimum of two HEP A filters before discharge through the stack to the atmosphere. Fixed continuous 
air samplers and continuous air monitors with alann systems are used throughout the work areas to 
detect airborne plutonium. The overall monitoring systems are designed to ensure that air effluents to 
the environment are monitored so that corrective action can be taken to prevent or reduce the release 
of plutonium to the atmosphere. 

4.1.1.2 Environmental Surveillance 

An onsite perimeter network consisting of five continuous, high-volume air samplers is used to further 
assess the effectiveness of stack emission control systems. The onsite sampling locations are shown 
in Figure 4-1. The onsite air-sampling network has a particulate and bubbler-type sampler which are 
similar to the off site samplers described below. 

The offsite air-sampling network (Figure 4-2) consists of 15 continuously operating air-sampling 
stations that collect samples for analysis of nitium oxide and plutonium Ten sampling stations are 
located within a 2.6 km (1.6 mi) radius of Mound. The distribution of these samplers is based on the 
maximum concentration predicted by a diffusion model developed for Mound (Eimutis, E.C. and 
Mote, L.B. 197 6). The samplers are disnibuted circumferentially around the site with a preponderance 
in the prevailing wind direction; i.e., the northeast quadrant. Four samplers are located in or adjacent 
topopulationcenters(#s 108,110, 111,and 115). Theremainingsampler(#119)isapproximately44.8 
km (28 mi) from Mound in the least prevalent wind direction. This sampler receives no measurable 
conoibution from Mound operations and is used to calculate environmental levels. The average annual 
radionuclide concentrations from sampler #119 are subtracted from concentrations detected at other • 
locations. 
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Two types of samples are collected at each sampling station. One is a particulate air sample which is 
analyzed forplutonium-238. The other sample, collected from a bubbler-type sampler, is analyzed for 
tritium oxide. 

To monitor oitium and plutonium in air, Mound has a contract with the Regional Air Pollution Control 
Agency (RAPCA) to collect the samples from Mound's offsite samplers, change the filterp~pers and 
bubbler, and maintain and calibrate the samplers. RAPCA then delivers the samples to Mound for 
analysis. 

The particulate sample for plutonium-238 analysis is collected on a 200-mm diameter fiberglass disk 
by a continuously operating (24 hr/day, 7 days/week) high-volume air sampler. The air is sampled at 
an average rate of 1.3 x 1o6cm3/min (45 ft3/min). The disk is changed weekly and represents a sample 
of approximately 13,000 m3 of air. Individual sample flow rates are used to calculate concentrations 
at each location. Plutonium-238 analyses are performed on a monthly composite for three sampling 
locations (#122, #123, and #124), and on quarterly composites for the other offsite locations. The 
analytical scheme forplutonium-238 incorporates the following basic steps: use of an internal tracer, 
chemical treatment, separation of plutonium with anion exchange resin, and alpha spectrometry. 

The gas bubbler sample for oitium oxide analysis is also collected on a continuous basis by bubbling 
air at approximately 3 x 103 cm3/min through 200 mL of ethylene glycol. Ethylene glycol is used 
because it eliminates the evaporation and freezing problems associated with sample collection 
(Sheehan, W. et al. 1975). Tritium (oxide) in the air collects in the solution. A sample representing 
30 m3 of air is collected, and an aliquot representing 0.6 m3 is counted in a liquid scintillation spec
trometer. Tritium oxide rather than elemental tritium is sampled and analyzed because about half of 
the tritium emitted from Mound is in the oxide form, and the dose that would result from a given release 
of tritium oxide would be 25,000 times greater than from the same release of elemental tritium . 

4.1.2 Applicable Standards 

The guides for concentrations of radionuclides in air are given in DOE Order 5400.5 (Rev. 10/1 0/88). 
ThisDOEOrderhasrecentlybeenreleasedforpubliccommentas10CFR834.Theseguidesarebased 
on recommendations in Publications 26 and 30 of the International Commission on Radiological 
Protection (1977; 1979). The guides for radioactive concentrations are designated as DCGs. The DCG · 
for a radionuclide is defined as the air concentration of that radionuclide that will give a 50-year 
committed EDE of 100 mrem (1.0 mSv) if breathed continuously for one year. 

The revised DOE standards also include the EPA National Emission Standard for Hazardous Air 
Pollutants (NESHAP), "Standards for Radionuclides (40 CFR 61, Subpart H)," which apply to DOE 
facilities. The NESHAP standards state that radioactive air emissions in one year shall not result in 
a committed EDE greater than 10 mrem (0.1 mSv) to any member of the public. 

4.1.3 Results 

Stack emissions during 1990 included 1823 Ci of tritium, 1.8 x to-5 Ci of plutonium-238, 1.5 x J0-7 
Ci ofplutonium-239, 2.9 x 1o-8 Ciofuranium-233,234and 8.6x 1o-8 Ciofurani.um-238 (TableE-1). 
Concentrations of all of these radionuclides except uranium measured at offsite and onsite locations 
are shown in Tables 4-1 through 4-3. Because the concentrations of uranium-233,234 and uranium-
238 are so low and their contributions to the dose are negligible, these radionuclides are not monitored 
at the air sampling locations. 

The elevated plutonium-238 concentration at off site location #1 03 (Table 4-1) may have been due to 
a sampling problem. Filter papers were collected weekly from the samplers and composited quarterly 
for plutonium-238 analysis. At the time of analysis, the ftlter papers were cut in half and one set of 
halves was saved. When the elevated concentration resulted from the analysis of the first set of halves, 
the sayed halves were analyzed individually. Results from the second set of analyses did not show an 
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elevated level. This situation would indicate that the elevated result was not a true sampling result; 
however, because this fact cannot be proved, the average of the results from both halves was used. • 

Table 4-1. Incremental ConcentrationsB of Plutonium-238 
in Air at Sampling Locations in 1990 

Number Plutonium-238 Average as a 
of (lQ-18 )J.Ci/mL) percent of 

Location Samples Minimum Maximum Averageb,c DOEDCGd 

Offsite 

101 4 0.28 1.17 0.57±0.67 .002 
102 4 1.75 3.54 2.67 ± 1.42 .009 
103 4 1.45 149.28e 39.47 ± 116.49 .131 
104 4 0.34 0.92 0.55±0.44 .002· 
105 4 0.10 0.46 0.26±0.29 .001 
108 4 -0.05 0.24 0.06±0.26 .0002 
110 4 -0.04 0.15 0.05 ± 0.21 .0002 
111 4 -0.03 0.30 0.12±0.28 .0004 
112 4 -0.04 0.16 0.07 ±0.21 

I 

.0002 
115 4 -0.25 0.15 -0.05 ±0.32 f 

118 4 -0.06 4.83 1.48 ± 3.60 .005 
122 12 0.52 5.79 1.58 ±0.93 .005 
123 12 0.85 18.50 4.18 ± 3.02 .014 
124 12 -0.25 14.16 . 3.85±2.40 .013 • On site 

211 12 5.53 89.58 16.43 ± 14.75 .05 
212 12 1.49 9.69 4.32 ± 1.55 .01 
213 12 9.47 79.44 35.04 ± 13.82 .12 
214 12 2.24 12.93 5.64 ± 1.81 .02 
215 12 0.55 3.86 1.83 ± 0.70 .01 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for monthly values of plutonium-238 in air is 0.5 x 1Q-18 )J.Ci/mL; for quanerly values, 0.1 

X lQ-18 )J.Ci/mL. . 
d DOE DCG for plutonium-238 in air is 30,000 x 10-18 )J.Ci/mL. 
e The elevated concentration may have been due to a sampling problem. At the time of analysis, the 

filter papers were cut in half. When the elevated result was determined, the ot~er set of halves was 
analyzed. The level of this set of halves was not elevated. This would indicate the original sample 
was not a true sample; however, because this fact cannot be proved, the two sets of results were 

f 
averaged. 
Not applicable - below environmental levels. 

• 
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• Table 4-2. Incremental ConcentrationsS of Tritium Oxide 
in Air at Sampling Locations in 1990 

Number Tritium Oxide Average as a 
of (1Q-121J.Ci/mL) Percent of 

Location Samples Minimum Maximum Averageb,c DOEDCGd 

-
Offsite 

101 51 -2.48 32.02 12.25 ± 2.39 .012 
102 52 1.82 59.33 14.50± 3.28 .015 
103 52 -1.07 28.61 9.03 ± 2.11 .009 
104 52 -6.19 35.99 7.19 ± 2.58 .007 
105 52 -2.48 25.69 3.62 ± 1.68 .004 
108 52. -8.94 13.86 2.62 ± 1.61 .003 
1iO 52 -6.39 12.90 0.88 ± 1.38 .001 
111 52 -6.79 12.25 1.05 ± 1.41 .001 
112 51 . -5.53 21.68 4.44± 1.81 .004 
115 52 -6.21 11.69 0.82± 1.44 .001 
118 52 -7.56 22.22 3.57 ± 1.80 .004 
122 50 -3.83 52.00 6.95±2.98 .007 
123 51 -2.89 38.43 7.51 ± 2.99 .008 
124 51 -3.56 39.50 8.16± 2.40 .008 • On site 

211 52 0.54 222.36 18.57 ± 8.87 .02 
212 52 1.44 49.70 15.72± 3.27 .02 
213 52 0.87 125.04 38.39± 8.37 .04 
214 50 -1.44 154.29 20.65±7.62 .02 
215 52 -2.54 72.45 15.21 ± 4.50 .02 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard.error of the estimated means at the 95% confidence level. 
c LDL for tritium oxide in air is 29 x 1Q-121J.Ci/mL. 
d DOE DCG for tritium oxide in air is 100,000 x 1 Q-121J.Ci/mL. This value has been adjusted to include 

the fraction of tritium oxide which is absorbed through the skin as pan of the inhalation pathway . 

• 
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Table 4-3. Incrementall:oncentratlonsa of Plutomum-239,240 
in Air at Sampling Locations in 1990 

Number Plutonium-239,240 Average as a 
of (lQ-18 J.lCi/mL) Percent of 

Location Samples Minimum Maximum Averageb,c DOEDCGd 

. 
Offsite 

101 4 -0.06 0.05 0.01 ± 0.10 5 X 10·5 
102 4 -0.01 0.03 0.003±0.07 1.5 X 10·5 
103 4 -0.02 0.42 0.15 ± 0.31 7.5 X 1Q-4 
104 4 -0.08 -0.005 -0.04±0.08 e 

105 4 0.03 0.12 0.06±0.09 3 X IQ-4 

108 4 -0.02 0.06 0.02±0.08 I X 104 

110 4 -0.10 0.04 -0.02 ± 0.12 e 

111 4 0.02 0.08 0.06±0.07 3 X 10-4 
112 4 -0.01 0.02 0.01 ±0.06 s x 10·5 
115 4 -0.02 0.12 0.04±0.11 2 X 10-4 
118 12 -0.02 0.05 0.02±0.07. 1 X 10-4 
122 12 -0.41 0.24 -0.07 ±0.14 e 
123 12 -0.12 0.52 0.06±0.15 3 X 10-4 
124 12 -0.39 0.28 -0.01 ± 0.15 e 

On site 

211 12 -0.43 0.38 0.07±0.17 3.5 x 10-4 
212 12 -0.24 o~s1 0.10±0.17 5 X 10-4 
213 12 0.05 0.84 0.28±0.16 1.4 X 10·3 
214 12 -0.04 0.48 0.04±0.18 2 X 10-4 
215 12 -0.18 0.12 -0.02 ± 0.08 e 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for monthly values of plutonium-239,240 in air is 0.4 x 1Q-18 J.LCi/mL. LDL for quanerly 

values ofplutonium-239,240 in air is 0.1 x 1Q-18 ~Ci/mL. 
d DOE DCG for plutonium-239,240 is 20,000 x 1Q-18 J.1Ci/mL. 
e Not applicable-below environmental levels. 

Concentrations of plutoriium-238 at offsite locations ranged from below the environmental level to 
149 x 1 Q-18 J.1Ci/mL (Table 4-1 ). The average incremental off site plutonium-238 air con~entration for 
all locations was 3.9 x 1Q-18 J.1Ci/mL, which is 0.013% ofthe DOE DCG. Plutonium-238 concentra
tions onsite ranged from 0.55 x 10-18 J.1Ci/mL to 90 x 10-18 J.1Ci/mL (Table 4-1). The average 
incremental plutonium-238 concentration measured for all onsite locations was 12.7 x 10·18 J.1Ci/mL, 
which is 0.042% of the DOE DCG. 

Offsite concentrations ofoitium oxide ranged from below the environmental level to 59 x 10-12 J.LCi/ 

• 

• 

mL (Table 4-2) during 1990. The average incremental concentration ofoitium oxide measured during • 
1990 for all off site locations was 5.9 x 1 o-12 J.1Ci/mL. This concentration is 0.006% of the DOE DCG. 
On site airium oxide concentrations ranged from below the environmental level to 222 x 1 o-12 J.1Ci/mL 
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(Table 4-2) during 1990. The average incremental concentration of tritium oxide in air at onsite 
sampling locations was 22.0 x 10-12 J.LCi/mL, representing 0.02% of the DOE DCG. 

Concentrations ofplutonium-239,240 measured at offsite locations ranged from below the environ
mental level to 0.52 x 1 Q-18 JJ.Ci/mL IT able 4-3). The average concentration of plutonium-239 ,240 for 
all offsite locations was 0.02 x 1o-18 J,4Ci/mL (Table 4-3) representing 1 x 1fr4 %of the DOE DCG. 
Onsite concentrations of plutonium-239,240 in air ranged from below the environmental level 
to 0.84 x lQ-18 JJ.Ci/mL (Table 4-3). The average onsite concentration ofplutonium-239,240 was 0.09 
x 1Q-18 J.LCi/mL. This average is 5 x 1o-4 %of the DOE DCG. 

4.2 SURFACE WATER/SEDIMENT MONITORING SYSTEM 

4.2.1 Description of Monitoring Program 

4.2.1.1 Effluent Monitoring 

Flow-proportional samples were collected from locations 5601,5602, and 5002 (Figure 4-3). Samples 
were collected five times a week: four times on normal workdays for 24 h sampling periods and once 
for the 72-h weekend sampling period. Samples were analyzed five times a week for tritium and were 
composited weekly and analyzed for plutonium-238, plutonium-239,240, and uranium-233,234. 

4.2.1.2 Environmental Surveillance 

Water sampling locations along the banks of the Great Miami River were selected according to 
guidelines recommended by the EPA (U.S. Environmental Protection Agency 1972). The locations, 
shown in Figure 4-4, provide samples that are representative of river water after considerable mixing 
of the effluent from Mound has occurred. Water samples were collected at these locations and analyzed 
weekly for tritium and monthly for plutonium-238, uranium-233,234, and uranium-238. 

Seven additional surface water locations, such as ponds, in all quadrants surrounding Mound, as shown 
in Figure 4-4, were sampled quarterly for plutonium and tritium analyses. 

Drinking water from communities in the surrounding area was sampled and analyzed monthly for 
tritium. These communities and their relative locations are shown in Figure 1-2. Drinking water from 
privately-owned monitoring wells was also analyzed for tritium. Four privately-owned monitoring 
wells and Miamisburg city water were sampled and analyzed forplutonium-238, uranium-23.3,234 and 
uranium-238. 

Weekly samples from onsite wells were analyzed for tritium. Monthly samples from these same wells 
were analyzed for plutonium-238, uranium-233,234 and uranium-238. 

Silt samples were collected from the river and pond locations shown in Figure 4-4 and analyzed 
quarterly forplutonium-238. Scoop samples were collected to an approximate depth of2 em and then 
dried in an oven prior to analysis. 

4.2.2 Applicable Standards 

DOE Order 5400.5 (Radiation Protection of the Public and the Environment, February 8, 1990) es
tablishes radiation exposure limits for the general public as well as DCGs for discharges of 
radioactively contaminated liquids to surface waters. The DCG for nondrinking water is the 
concentration of a radionuclide in water that, under conditions of continuous exposure for one year, 
would result in an effective dose equivalent of 100 mrem (1.0 mSv) . 

The radiation exposure limits defined in DOE Order 5400.5 are an EDE of 100 mrem/year (1.0 mSv/ 
year) from all exposure pathways. The Order specifies that DOE drinking water systems should 
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comply with the requirements of 40 CFR 141 and shall not cause persons consuming the water to 
receive an effective dose equivalent greater than 4 mrem (0.04 mSv). The Order further specifies that • 
the dose limit is an annual limit of 4% of the appropriate DCG value averaged on the basis of monthly 
measurements. 

EPA has promulgated maximum contaminant levels (MCLs) forradionuclides in community water 
systems which appear in two forms: concentration limits for cenain alpha-emitting radionuclid~s ~ 40 
CFR 141.15) and an annual dose limit for the ingestion of cenain beta- and gamma-enutnng 
radionuclides (40 CFR 141.16). EPA specifies 20,000 pCi/L for tritium. For the other radionuclides 
included in this report, the annual dose equivalent shall not exceed 4 mrem (0.04 mSv). This is 
equivalent to a concentration that is 4% of the DOE DCG. H two or more ~onuclides are present, 

· the sum of their annual dose equivalent to the total body or to any organ shall not exceed 4 mrem (0.04 
mSv)/year. · 

There are no applicable standards for radionuclide concentrations in silt or sediment. 

4.2.3 Results 

The total discharges to the Great Miami River during 1990 consisted of 6. 7 x J0-4 Ci of plutonium-238, 
4.9 Ci of tritium, 4.5 x J0-4 Ci of uranium-233,234, and 3.5 x 1Q-6 Ci of plutonium-239 (see Table 
E-1). 

The average incremental concentration of tritium measured at all locations in the Great Miami River 
was 0.02 x 10-6 J.!.Ci/mL, 0.001% of DOE DCG. Concentrations at each location are summarized in 
Table 4-4. 

Table 4-4. Incremental Concentrationsa of Tritium 
in the Great Miami River in 1990 

Number Tritium Average as a 
of (lo-6 J.!.Ci/mL) Percent of 

Location Samples Minimum Maximum Averageb,c DOEDCGd 

1 50 -0.21 0.18 0.02± 0.08 0.001 
2 50 -0.17 0.22 0.03 ±0.08 0.002 
3 50 -0.28 0.21 0.02± 0.08 0.001 
4 50 -0.22 0.22 0.04±0.08 0.002 
5 50 -0.20 0.17 0.005±0.08 0.0003 

a Average environmental level (e.L) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for tritium in water is 0.1 x lQ-6 J.!.Ci/mL. 
d DOE DCG for tritium in water is 2,000 x 10-6 J.!.Ci/mL. 

Water samples collected and analyzed for plutonium-238 on a monthly basis showed the average 
incremental concentration measured for all locations in the Great Miami River was 0.6 x J0-12 J.!.Ci/ 
mL; which is 0.002% of the DOE DCG. Concentrations at each location are summarized in Table 
4-5. 
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Table 4-5. Incremental ConcentrationsB of Plutonium-238 
in the Great Miami River in 1990 

Number Plutonium-238 Average as a 
of (lQ-12 J.LCi/mL) Percent ofd 

Location Samples Minimum Maximum Averageb.c DOEDCG 

1 11 -5.21 5.96 -0.51 ± 2.55 e 

2 11 -1.83 3.55 -0.07 ± 1.82 e 

3 11 -5.73 3.03 -0.06 ± 2.16 e 

4 11 -5.58 5.63 0.81 ± 2.60 .002 
5 11 -3.13 8.15 0.43 ± 2.51 .001 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for plutonium-238 in river water is 9.7 x 10-12 J.LCi/mL. 
d DOE DCG for plutonium-238 in water is 40,000 x 10-12 J.LCi/mL. 
e Not applicable - below environmental level. 

River water was sampled for uranium-233,234, and uranium-238 during 1990. Table 4-6 shows the 
average incremental concentrations for each location were at or below environmental levels. 

Table 4-6. Incremental ConcentrationsB of Uranium-233, 234 and Uranium-238 
in the Great Miami River in 1990 

Number Uranium-233,234 Average as a 
of (lQ-9 J.LCi/mL) Percent of 

Location Samples Minimum Maximum Averageb,c DOEDCGd 

1 11 -0.18 0.28 0.001 ± 0.11 .0002 
2 11 -0.19 0.09 -0.07 ± 0.11 e 
3 11 -0.18 0.01 -0.10 ± 0.09 e 
4 11 -0.25" 0.22 -0.07 ± 0.12 e 
5 11 -0.22 0.16 -0.08 ± 0.11 e 

Number Uranium-238 Average as a 
of oo-9 J.LCilmL> Percent of 

Location Samples Minimum Maximum Averageb.c DOEDCGd 

1 11 -0.23 0.11 -0.04 ± 0.10 e 

2 11 -0.21 0.04 -0.09±0.09 e 

3 11 -0.19 0.03 -0.10± 0.09 - e 
4 11 -0.29 0.18 -0.09 ± 0.11 e 

5 11 -0.20 0.16 -0.08 ± 0.10 e 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for uranium-233,234 is 0.03 x 1 Q-9 J.LCi/mL. The LDL for uranium-238 is 0.03 x 1 o-9 J.LCi/mL. 
d DOE DCG for uranium-233,234 in water is 500 x 1Q-9 JJ.Ci/mL. The DOE DCO for uranium-238 

is 600 X 1 o-9 J.LCi/mL. 
e Not applicable, below environmental level. 
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Concentrations of tritium and plutonium-238 in ponds offsite are shown in Tables 4-7 and 4-8, • 
re~tively. The average concentrations of tritium and plutonium-238 for all locations were 0.22 x 
1Q-b J,LCi/mL and 0.1 x 1Q-12 J,LCi/mL, respectively. These concentrations represent 0.011% and 
0.0003%, respectively, of the DOE DCGs. 

Table 4-7. Incremental Concentrations& of Tritium 
in Surface Water in 1990 

Number Tritium Average as a 
of (lo-6 J,LCi/mL) Percent of 

Location Samples Minimum Maximum Averageb.c DOEDCGC 

11 4 -0.08 0.21 0.11 ±0.40 .006 
12 4 0.03 0.28 0.13±0.39 .007 
13 4 -0.03 0.31 0.14 ± 0.41 .007 
14 4 0.15 0.61 0.44±0.48 .022 
15 4 -0.01 0.27 0.19 ± 0.40 .010 
16 4 -0.11 0.21 0.10±0.41 .005 
17 4 0.06 0.45 0.26± 0.43 .013 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for tritium in surface water is 1.0 x IO~Ci/mL. 
d DOE DCG for tritium in water is 2,000 x 1 J,LCi/mL. • 

Table 4-8. Incremental Concentrations& of Plutonium-238 
in Surface Water in 1990 

Number Plutonium-238 Average as a 
of (lQ-12 J.LCi/mL) Percent of 

Location Samples Minimum Maximum Averageb,c DOEDCGd 

11 4 0.21 1.79 1.23 ± 2.03 .003 
12 4 -6.81 2.14 -0.87 ±6.80 e 
13 4 -7.34 3.81 -0.06± 8.27 e 
14 4 -5.59 4.09 0.49 ± 7.21 .001 
15 4 -3.51 6.76 0.37 ± 7.26 .001 
16 4 -9.14 0.09 -2.67 ± 7.10 - e 
17 4 -1.49 ·5.11 2.08 ± 5.57 .005 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for plutonium-238 in surface water is 9.8 x IQ-12 M_Ci/mL. 
d DOE DCG for plutonium-238 in water is 40,000 x IQ- 2 J.LCi/mL. 
e Not applicable - below environmental level. • 
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Tritium concentrations in community drinking water samples are summarized in Table 4-9. The 
average concentration of tritium in community drinking water for most of the locations sampled was 
below the value derived from measuring the reagent blanks (Table 4-9). The environmental level in 
Table 3-2 for tritium in water is not subtracted from these data because the EPA standard assesses total 
concentration including background. 

Table 4-9. Tritium Concentrations& in Community Drinking Water in 1990 

. Average as a 
Number· Tritium Percent 

of (lo--6 JJ.Ci/mL) of EPA 
Location Samples Minimum Maximum Averageb,c Standard 

Bellbrook 12 -0.30 0.08 -0.07 ± 0.07 d 

Centerville 12 -0.26 0.13 -0.07 ±0.07 d 

Dayton 12 -0.22 0.13 -0.06 ± 0.07 d 

Franklin 12 -0.22 0.26 0.03± 0.09 0.15 
Germantown 12 -0.26 0.06 -0.08 ± 0.06 d 

Kettering 12 -0.25 0.12 -0.07 ± 0.07 d 

Miamisburg 12 0.31 0.67 0.47 ± 0.08. 2.3 
Middletown 12 -0.29 0.13 -0.05 ± 0.07 d 

Moraine . 12 -0.39 0.03 -0.10 ± 0.08 d 

Springboro 12 -0.09 0.33 0.12± 0.08 0.58 
Waynesville 12 -0.32 0.11 -0.09 ± 0.07 d 

West Carrollton 12 -0.23 0.11· -0.06 ± 0.07 d 

E.L.8 12 -0.26 0.05 -0.09 ± 0.06 d 

a Average environmental level ( e.l.) not subtracted from the data. The EPA standard of 20 x 1 o-6 JJ.Ci/ 
mL assesses total concentration including background. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for tritium in community drinking water is 0.5 X 1o--6 JJ.Ci/mL. 
d Not applicable - below environmental level. 

The average concentration of tritium for all privately-owned monitoring wells was 2.3 x 1 o-6 J.LCi/mL, 
which is 11% of the EPA Standard. These data are shown in Table 4-10. The tritium concentration 
in most of these wells has decreased consistently over the last few years and, in 1989, all of the "B" 
wells were discontinued as drinking water sources and supplanted by municipal sources. Tritium 
concentrations in onsite drinking water wells ranged from 0.9 x lQ-6 J.LCi/mL to 4.6 x lQ-6 J.LCi/mL 
(Table 4-11). The average concentration of tritium in Mound's onsite wells was 2.6 x IQ-6 J.LCi/mL, 
which is 13% of the EPA Standard . 
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Table 4-10. Tritium Concentrations8 in Privately-owned Monitoring Wells 
in 1990 

Average as a 
Number Tritium Percent 

of (l~~Ci/mL) of EPA 
Location Samples Minimum Maximum Averageb.c Standard 

B-1 11 1.91 2.97 2.35 ± 0.21 11.8 
B-2 11 3.55 5.22 4.29± 0.38 21.5 . 
B-3 3 0.00 0.07 0.02± 0.10 0.1 
J-1d 12 1.32 2.19 1.66 ± 0.14 8.3 
B-H 10 2.62 3.27 3.01 ± 0.14 15.1 
B-R 9 3.34 5.19 4.17 ± 0.49 20.9 
J-Td 11 0.04 0.68 0.36± 0.11 1.8 

a Average environmental level ( e.l.) not subtracted from the data. The EPA standard of 20 x 1 o-6 J.!Ci/ 
mL assesses total concentration including background. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence leveL 
c LDL for tritium in privately-owned well water is 0.9 x 1Q-6 J.!Ci/mL. 
d Private drinking water supply well. 

Table 4-11. Tritium Concentrations3 in Onsite Wells in 1990 

Average as a 
Number Tritium Percent 

of (1 ~ J.!Ci/mL) of EPA 
Location Samples Minimum Maximum Averageb,c Standard 

71-1 45 1.0 4.6 3.3±0.2 16.5 
71-2 44 1.9 3.7 2.7±0.2 13.5 
76-1 46 0.9 3.4 1.8 ± 0.2 9.0 

a Average environmental level ( e.l.) not subtracted from the data. The EPA standard of 20 x 1 ~ J.!Ci/ 

b 
mL assesses total concenn:ation including background. 
Error limits are estimates of the standard error of the estimated means at the 95% confidence leveL 

c LDL for tritium in onsite well water is 0.6 x 1~ J.!Ci/mL. 

Concentrations ofplutonium-238 in privately-owned monitoring wells are shown in Table 4-12. The 
average plutonium-238 concentration for these locations was below the environmental level. Concen
trations in onsite well water (Table 4-13) averaged 4.4 x 1Q-12 J.!Ci/mL, 0.28% of the standard for that 
radionuclide in drinking water of 4% of the DOE DCG. 
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Table 4-12. Plutonium-238 Concentrations in Privately-owned Wells and Miamisburg 
Municipal Drinking Water in 1990 

Number Plutonium-238 Average as a 
of (lQ-12 J.LCi/mL) Percent of 4% 

Location Samples Minimum Maximum Average3·b DOEDCGc 

Miamisburg 12 -4.20 3.13 -0.27 ± 1.43 d 

B-1e 4 -4.40 1.45 -1.05 ± 4.26 d 

B-2e 4 -2.75 4.10 0.76±4.78 0.05 
B-3e 1 0.25 0.25 0.25 0.02 
J-1f 4 -3.78 3.23 0.26±4.72 0.02 

a Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
b LDL for plutonium-238 in drinking water is 11.0 x lQ-12 J,LCi/mL. The LDL for quarterly 

plutonium-238 is 8.4 x 1Q-121J.Ci/mL. 
c 4% of DOE DCG forplutonium-238 in drinking water is 1600 x 10-12 J.LCi/mL. 
d Not applicable - below environmental levels. 
e No longer used as drinking water supply well. 
f Private drinking water supply well. 

Table 4-13. Plutonium-238 Concentrations in 
Onsite Well Water in 1990 

Number Plutonium-238 Average as a 
of (1Q-121J.Ci/mL) Percent of 4% 

Location Samples Minimum Maximum Average3·b DOEDCGc 

71-1 12 -1.05 15.23 3.32 ± 2.78 0.21 
71-2 11 -3.65 4.13 0.83 ± 1.80 0.05 
76-1 11 -0.52 43.72 9.12± 9.31 0.57 

a Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
b LDL for plutonium-238 in drinking water is 11.0 x I0-12 J,LCi/mL. 
c 4% of the DOE DCG for plutonium-238 in drinking water is 1600 x I0-12 J.LCi/mL. 

Uranium concentrations in privately-owned monitoring wells and Miamisburg drinking water for 1990 
are given in Table 4-14. The average concentration of uranium-233,234 was 0.14 x J0=9jJ.Ci/mL. This 
represents 0.7% of the 4% of the DOE/DCG standard. The average concentration of uranium-238 was 
0.12 J,LCi/mL, 0.5% of the 4% of the DOE DCG standard. Miamisburg and the J-1 well are the only 
sources still used as drinking water supplies. The average concentration of uranium-238 in the J -1 well 
was 0.15 x 1 o-9 J.LCi/mL, 0.6% of the 4% of the DOE DCG standard. The average concentration of 
uranium-233,234 in the Miamisburg well water was 0.35 x 1 o-9 J,LCi/mL, 1.8% of the 4% of the DOE 
DCG standard. The average concentration of uranium-238 in Miamisburg well water was 0.33 I!Ci/ 
mL, 1.4% of the 4% ofthe DOE DCG standard. The J -1 well uranium-238 concentration was 0.15!-LCi/ 
mL, 0.6% of the 4% of the DOE DCG standard. 
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Table 4-14. Uranium-233, 234 and Uranium-238 Concentrations 
in Privately-owned Monitoring Wells and 

Miamisburg Municipal Drinking Water in 1990 

Number Uranium-233,234 Average as a 
of (10"9 JJ.Ci/mL) Percent of 4% 

Location Samples Minimum Maximum Average8·b DOEDCGC 

Miamisburg 12 0.28 0.44 0.35 ±0.03 1.8 
B-1e 4 -0.001 0.02 0.005 ±0.01 0.03 
B-2e 4 -0.01 0.01 -0.001 ± 0.001 d 

B-3e 1 0.15 0.15 0.15 0.8 
J-1f 4 0.16 0.21 0.18 ±0.03 0.9 

Number Uranium-238 Average as a 
of (10"9 J!.Ci/mL) Percent of 4% 

Location Samples Minimum Maximum Averageb,c DOEDCGd 

Miamisburg 12 0.29 0.38 0.33±0.01 1.4 
B-1e 4 -0.01 0.02 0.01 ±0.02 0.04 
B-2e 4 -0.0002 0.006 0.002 ± 0.004 0:01 
B-3e 1 0.12 0.12 0.12 0.5 
J-1f 4 0.12 0.17 0.15 ±0.03 0.6 

a Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
b LDL for monthly uranium-233,234 is 0.05 x IQ-9 J!.Ci/mL. The LDL for monthly uranium-238 is 

0.02 x IQ-9 J!.Ci/mL. LDL for quanerly uranium 233,234 is 0.03 x 1 o-9 JJ.Ci/mL. The LDL for 
quanerly uranium-238 is 0.02 x lQ-9 JJ.Ci/mL. 

c 4% of the DOE DCG foruranium-233,234 in drinking water is 20 x 10·9 JJ.Ci/mL. 4% of the DOE 
DCG for uranium-238 in drinking water is 24 x 10"9 JJ.Ci/mL. 

d Not applicable- below environmental levels. 
e No longer used as drinking water supply well. 
f Private drinking water supply well. 

In onsite wells (Table 4-15), the average concentration ofuranium-233,234 was 0.19 X 10-9 Jl.Ci/mL, 
1.0% of the 4% of the DOE DCG standard. The average concentration of urani_um-238 was 0.17 x 
10"9 J.LCi/mL, 0.7% of the 4% DOE DCG standard. 
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Table 4-15. Uranium-233, 234 and 
Uranium-238 Concentrations in Onsite Well Water in 1990 

Number Uranium-233,234 Average as a 
of (lQ-9 J,LCi/mL) Percent of 4% 

Location Samples Minimum Maximum Averag&·b DOEDCGc 

71-1 12 0.15 0.27 0.19± 0.02 1.0 
71-2 11 0.16 0.22 0.19 ± 0.01 1.0 
76-1 11 0.15 0.22 0.20±0.02 1.0 

Number Uranium-238 Average as a 
of (lQ-9 J.LCi/mL) Percent of 4% 

Location Samples Minimum Maximum Averagea.b DOEDCGC 

71-1 12 0.12 0.23 0.17 ± 0.02 0.7 
71-2 11 0.14 0.19 0.16±0.01 0.7 
76-1 11 0.14 0.21 0.17 ±0.01 0.7 

a Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for monthly uranium-233,234 is 0.05 x lQ-9 J,LCi/mL. The LDL for monthly uranium-238 is 

o.o2 x 1 o-9 J.LCi/mL. 
c 4% of the DOE DCG for uranium-233,234 in drinking water is 20 x lQ-9 J.LCi/mL. 4% of the DOE 

DCG for uranium-238 in drinking water is 24 x 1Q·9 J.LCi/mL. 
d Not applicable - below environmental levels . 

The results of analysis of the silt samples are found in Tables 4-16 and 4-17. Concentrations of 
plutonium-238 in silt at surface water locations were less than the values measured in the reagent blank. 
The average concentration of plutonium in river silt was 83 x 1Q-9 J,LCi/g. The overall average value, 
as well as the individual average values for the five locations, are within the range of fluctuations 
measured in the three years prior to 1990. 

Table 4-16. Incremental ConcentrationsB of Plutonium-238 in 
Silt from River Sampling Locations in 1990 

Number Plutonium-238 
of (I0-9 J.LCi/g) 

Location Samples Minimum Maximum Averageb,c 

1 4 -0.57 0.39 -0.16 ± 1.15 
2 4 7.49 25.46 15.63 ± 11.85 
3 4 17.46 75.57 50.97 ± 44.55 
4 4 46.63 747.76 340.47 ± 531.20 
5 4 3.15 10.38 6.47 ± 5.75 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard enor of the estimated means at the 95% confidence level. 
c LDL for plutonium-238 in silt is 2.0 x 1Q-9 J.LCi/g . 
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Table 4-17. Incremental Concentrationsa of Plutonium-238 in 
Silt from Surface Water Locations in 1990 

Number Plutonium-238 
of (lQ-9 IJ.Ci/g) 

Location Samples Minimum Maximum Averageb,c 

11 4 -1.10 0.51 -0.48 ± 1.92 
12 4 -1.34 3.02 0.55± 3.27 
13 4 -1.79 -0.31 -0.95 ± 1.92 
14 4 -1.31 6.17 1.07 ±5.69 
15 4 -0.76 1.49 -0.03 ± 2.26 
16 4 -1.87 -0.83 -1.34 ± 1.80 

a Average environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 
c LDL for plutonium-238 in surface water silt is 2.0 x 1Q-9 IJ.Ci/g. 

4.3 FOODSTUFFS AND VEGETATION 

4.3.1 Description of Monitoring Program 

Various locally grown foodstuffs and vegetation samples are collected during the growing season from 
the surrounding area. The intent of this aspect of the Environmental Monitoring Program is to 
determine whether plant and animal life are taking up significant concentrations of radionuclides. 
Samples of grass, potatoes, and tomatoes were collected in Miamisburg, Centerville, Bellbi'O()k, 
Trotwood, Franklin, and Germantown (Figure 1-2). Fish were collected in the Great Miami River 
below a Mound outfall (Figure 4-4). The plutonium-238 content of the foodstuff and vegetation 
samples is determined by ashing the samples, then proceeding with the same techniques used for 
plutonium-238 analyses of air samples (see description of Air Monitoring Program). The tritium 
content of the foodstuff and vegetation samples is determined by distilling the water from the sample, 
then analyzing the distillate for tritium. 

4.3.2 Applicable Standards 

No standards apply. 

4.3.3 Results 

The results of the foodstuff, vegetation, and fish analyses are summarized in Table~ 4-18 and 4-19. The 
concentration is given in terms of the sample weight (wet weight) before ashing or distilling. The 
samples of aquatic life analyzed included only the edible, fleshy portions of fish. Except for tomatoes, 
these analyses indicate no evidence of any significant uptake or concentration by plant or animal life 
of the radionuclides handled at Mound, and they are consistent with data obtained in previous years 
(1980-1989). Although concentrations of tritium in tomatoes collected in Miamisburg were higher 
than those from other locations, the measured concentrations were extremely small and were in the 

• 

• 

range measured in the three years prior to 1990. Environmental levels (Table 3-2) for foodstuffs and • 
vegetation have been subtracted from the data. 
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• Table 4-18. Incremental Plutonium-238 Concentrations3 in 
Foodstuffs and Vegetation in 1990 

Tw Number Plutonium-238 
of (lQ-9 J.LCi/g) 

Location Sample Samples Minimum Maximum Averageb,c 

Miamisburg Grass 4 -0.07 0.01 -0.03± 0.48 
Root Crops 4 -0.12 -0.01 -0.05± 0.11 

. 
Centerville Grass 4 -0.18 -0.05 -0.11± 0.48 

~oot Crops 4 -0.07 -0.01 -0.05± 0.07 

Bellbrook Grass 4 -0.38 0.17 -0.10± 0.59 
Root Crops 4 -0.17 -0.03 -0.09±0.11 

Trotwood Grass 4 -0.16 0.38 0.04±0.61 
Root Crops 4 -0.04 0.11 0.05±0.12 

Franklin Grass 4 -0.28 0.02 -0.18± 0.52 
Root Crops 4 -0.09 0.01 -0.04± 0.10 

Germantown Grass 4 -0.29 0.11 -0.10± 0.55 
Root Crops 4 -0.16 -0.04 -0.08± 0.11 

Great Miami Fish 4 0.01 0.14 0.07±0.17 
River 

• a Averafte environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error units are estimates of the standard e~r of the estimated means at the 95% confidence level. 
c LDL for ilutonium-238 in gt:a.SS is 0.2 x to- JJ.Ci[;) For 8.lutoniu~-238 in root crops, the LDL is 

0.1 x to- J.LCi/g. For plutonium-238 in fish, the Lis .2 x 1o- J.LCi/g. 

Table 4-19. Incremental Concentration& of Tritium in 
Vegetation in 1990 

Tw Number J2tium 
of (1 J.LCi/g) 

Location Sample Samples Minimum Maximum Averageb,c 

Miamisburg Grass 4 -0.07 0.01 -0.02±0.07 
Tomatoes 4 0.24 0.29 0.27±0.07 

Centerville Grass 4 -0.07 0.06 -0.02 ± 0.10 
Tomatoes 4 -0.02. 0.02 -0.0004 ± 0.07 

Bellbrook Grass 4 -0.10 0.02 -0.05 ± 0.10 
Tomatoes 4 -0.06 -0.001 -0.03 ± 0.07 

-
Trotwood Grass 4 -0.10 0.04 -0.01 ± 0.11 

Tomatoes 4 -0.03 -0.01 -0.02 ±0.06 

Franklin Grass 4 -0.05 0.05 0.02±0.08 
Tomatoes 4 -0.04 0.09 0.04±0.11 

Germantown Grass 4 -0.02 0.04 0.01 ±0.06 • Tomatoes 4 -0.04 0.06 0.03±0.09 

a Averafte environmental level (e.l.) found in Table 3-2 subtracted from the data. 
b Error Imits are estimates of the s~d error of the estimated means at the 95% confidence level. 
c LDL for tritium in grass is 0.4 x 1 J.LCi/g. For tritium in tomatoes, the LDL is 0.1 x 10-6 J.LCi/g. 
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4.4 METHODS OF CALCULATING OFFSITE RADIATION DOSE 

Members of the public may receive radiation doses via various exposure pathways because of the 
previously described radionuclide releases. Forradionuclides discharged to the atmosphere, a person 
may inhale or be immersed in airborne radionuclides, may be exposed to radionuclides deposited on 
the ground, and may eat foods (e.g., milk, meat, vegetables, and produce) that contain radionuclides 
which have deposited on or been taken up by the foods. Forradionuclides discharged to water, a person 
may drink the water or eat fish that contain radionuclides taken up from the water. The other potential 
water exposure pathways (e.g., swimming and boating) add insignificantly to the doses from drinking 
water and eating fish. · 

Dose limits for members of the public are presented in Table E-2. The primary public dose limits 
include consideration of all exposure modes from all DOE activities. The primary dose limit is 
expressed as an effective dose equivalent (ED E), a term developed by the International Commission 
on Radiological Protection (ICRP) fortheirrisk-based system, which requires the weighted summation 
of doses to various organs of the body. Additional public dose limits are established by EPA 
regulations for exposures to, and ingestion of, radioactive mat~rial. 

Radionuclide releases from a facility and associated radiation doses are sometimes too small to be 
measured in the environment. Therefore, computer models are used to simulate transport of the 
radionuclides from the point of release and to calculate potential radiation doses to man. These 
calculations are made using computer codes recommended by appropriate regulatory agencies (e.g., 
EPA). When available, site-specific data (source characteristics, release quantities, meteorological 
and climatological conditions, locations of people, and food production information) are input to the 
codes. When site-specific data are not available, conservative default data are used. These calculations 
are performed annually at Mound to determine the EDE to the most exposed person near each facility, 
in compliance with NESHAP (40 CFR 61, Subpart H) and DOE Orders. 

The dose· assessment techniques have been performed according to DOE guidelines. The "committed 
effective dose equivalent" is the total dose equivalent that will be received by an individual over a 50-
year time period because of current exposures to radionuclides. The total committed EDE reported is 
the sum of the committed effective dose equivalents from the air, water, and foodstuffs pathways. The 
committed EDE values for exposure to the plutonium-238 and tritium from the air, water, and 
vegetation pathways are calculated and summed to estimate the maximum dose to an individual at the 
site boundary. This conservative and simplistic approach is used because the sources of radionuclides 
and the resulting doses are extremely small. 

In calculating doses, some assumptions are made about the radionuclides. The solubility of ingested 
or inhaled plutonium-238 in the receptor is unknown. However, it is highly probable that most of the 
plutonium-238 is in the oxide form, which is very insoluble. Most of the solid form ofplutonium-238 
processed at Mound was either oxide or hydroxide used in encapsulated heat sources. There was some 
solution processing, primarily in recovery operations in reclaiming scrap material. In order to provide 
a realistic but conservative estimate, it is assumed that 50% of the inhaled plutonium-238 is soluble 
(class W) and 50% is insoluble (classY). It is also assumed that ingested plutonium-238 is 50% soluble 
and 50% insoluble. All dose assessments from monitoring data for tritium are based on the oxide form. 
Tritium oxide is used because the DOE Derived Concentration Guide for tritium oxide is 25,000 times 
lower than that of the elemental form of tritium. Using the DCG for tritium oxide in all dose 
calculations results in a more conservative estimate of the impact of Mound's operations. 

The committed EDEs for plutonium-238 and tritium were calculated by two different methods: the 
first method used the CAP-88 model and the stack emissions data summarized in Table E-1. The second 

• 

• 

method used the measured concentrations from the environmental monitoring program. Using the • 
CAP-88 model, the committed EDE to the maximally exposed individual was 0.11 mrem (0.0011 
mSv). 
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The highest average concentrations of plutonium-238 and aitium as measured at the air sampling 
stations were used to calculate the maximum EDE to individuals from inhalation. Forplutonium-238, 
the highest average concentration was measured at station #103, while station #213 had the highest 
average value for tritium (oxide). Using these measured concentrations, the committed EDE to the 
maximally exposed individual was 0.17 mrem (0.0017 mSv). 

These two methods of estimating the committed EDE were in agreement Both estimates were less than 
2% of NESHAP standard of 10 mrem (0.1 mSv) for the air pathway. 

Using the larger of these estimates (0.17 mrem; 0.0017 mSv), the total committed EDE to the 
maximally exposed individual, including the ingestion of water (0.08 mrem; 0.0008 mSv), was 0.25 
mrem (0.0025 mSv) from all pathways (fable E-3 ). This dose is less than 1% of the DOE dose standard 
of 100 mrem (1.0 mSv) from all pathways for prolonged exposure. 

The collective EDE is the sum of the committed EDEs of all individuals in an exposed population 
within 80 km of Mound. This collective EDE is calculated using the committed EDE from the CAP-
88 model and the committed EDE calculated from ingestion of well water with concentrations 
measured in various communities surrounding Mound. · 

The estimated committed EDE to the 2,982,531 persons living within 80 km of Mound was 5.3 person
rem (0.053 person-Sv) from Mound's operation during 1990. To put this in perspective, a population 
of this size would absorb approximately 1 million person-rem (1 0,000 person-Sv) from natural sources 
(300 mrem; 3.0 mSv per person) . 
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5. ENVIRONMENTAL NONRADIOLOGICAL PROGRAM INFORMATION 

Summary: Particulate concentrations measured at Mound's onsite and offsite air-sampling sites 
indicate no influence from Mound operations. Mound's liquid effluents were monitored for a nwnber· 
of organic and inorganic nonradiological substances. Mound exceeded NPDES permit limits only in 
biochemical oxygen demand (BOD) levels. This exceedance resulted from a combination of 
operational difficulties and cold winter temperatures in January and February. 

5.1 AIR MONITORING PROGRAM 

. 5.1.1 Description of Program 

The primary source of nonradioactive airborne emissions is the Mound steam power plant. This plant 
is normally fueled with natural gas, but can burn fuel oil. Fuel oil with 1% sulfur content is burned 
during unusually cold weather if the natural gas supply to Mound is interrupted. Approximately 14,000 
liters (3,800 gal) of fuel oil were burned during 1990. 

There are three additional sources of airborne emissions at Mound. A paint spray bOoth is operated 
intermittently in the Mound paint shop. Wastes from operations involving explosives are disposed of 
by open burning under a permit issued by RAPCA. Fire-fighter training exercises are held at an open 
outdoor facility under a burning permit issued by RAPCA. Nonradioactive airborne emissions for 1990 
are summarized in Table 5-1. 

Table 5-1. Nonradioactive Airborne Emissions • 1990 .. 

Emission Emission %of 
Source Pollutant Emission Standard8 Standard 

Powerhouse Particulates 0.005 lbs/1()6 0.02lbs/1o6 25 
BTU input BTU input 

Powerhouse Sulfur Oxides 0.001 lbs/1()6 16lbs!lo6 0.06 
BTU input BTU input_ 

Paint Shop Organics 2.2lbs/day 40 lbs/day 6 

Explosives Burning Particulates 2.5lbs b b 

Fire Fighter Training Particulates 27lbs b b 

3Qhio EPA Air Pollution Regulations 37 45-17-10, 37 45-18-06, and 37 45-21-07. 
bNot applicable. 

In conjunction with the onsite and offsite air sampling for plutonium, particulate concentrations on the 
filters are measured weekly (Figures 4-1 and 4-2). 

5.1.2 Applicable Standards 

• 

• 

Emissions were calculated even though there are no permits requiring compliance with ambient air • 
quality standards. The State of Ohio Ambient Quality Standard for airborne particulates is given in 
Table 5-2, footnote a, for comparison. 
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Table 5-2. 1990 Particulate Concentrations 

Annualb 
Number Particulatesa Arithmetic 

of (J.1glm3) Avera~e 
Location Samples Minimum Maximum (J.Lglm ) 

Offsite 
. 

101 52 23 82 51 ±4 
102 52 13 53 32±3 
103 51 16 52 31 ±2 
104 52 23 58 36±3 
105 51 16 72 32±3 
108 52 21 61 39±3 
110 51 12 48 28±2 
111 . 52 20 133 46±6 
112 52 18 46 29±2 
115 52 17 85 39±5 
118 52 12 59 30±3 
119 52 19 71 36±3 
122 52 17 55 32±3 
123 51 15 53 34±3 
124 51 14 52 32±2 

On site 

211 52 17 81 38±3 
212 51 15 64 29±3 
213 52 21 81 43±3 
214 51 14 62 31 ±3 
215 52 12 62 28±3 

3 Ohio Ambient Air Quality Standard= 60 J.1glm3 (annual geometric average). ' 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

5.1.3 Results 

Nonradioactive airborne emissions at Mound had minimal impact on ambient air quality. The data 
presented in Table 5-2 are weekly particulate concentrations measured at Mound's offsite and onsite 
air-sampling sites. Particulate concentrations at onsite locations are generally within the range of the 
offsite locations. Particulate concentration also appears to be independent of distance from Mound. 
This suggests that there is no influence from Mound operations, or that Mound makes an insignificant 
contribution compared to the particulates coming from the surrounding area. 

5.2 SURFACE WATER MONITORING PROGRAM 

5.2.1 Description of Monitoring Program 

Mound discharged an average of 3.2 million liters (0.84 million gallons) of water per day in 1990 to 
the Great Miami River. An NPDES permit regulates nonradioactive pollutants in this effluent water. 
In 1990 the Ohio EPA reissued this permit, and it is scheduled for renewal in October 1991. The 
NPDES permit requires Mound to characterize its effluent by analyzing samples collected at four 
onsite locations: 5601, 5602, 5603, and 5002 (Figure 4-3). Row-proportional, 24-hour composite 
samples and grab samples are collected from discharges 5601, 5602, and 5002 as required by the 
permit. Discharge 5601 contains the effluent from the sanitary sewage treatment plant. Discharge 

91-012MJ0691 45 



Environmental Monitoring at Mound 

5602 includes storm water runoff, single-pass cooling water, cooling tower blowdown, zeolite softener • 
backwash, and discharge from the radioactive waste disposal facility. Discharge 5002 consists of 
softener backwash, and most of the plant storm water runoff. A time-proportional, composite sample 
and a grab sample are collected from the electroplating facility effluent, discharge 5603, as required 
by the permit NPDES permit limits can be found in the A~ndix. The NPDES monitoring used 
methods specified in the Clean Water Act Regulations, 40 136. 

The NPDES permit requires quarterly analyses of the electroplating effluent (5603) for Total Toxic 
Organics, the organic subset of Priority Pollutants. Additionally, Mound performs quarterly monitor
ing of 5601, 5602, and 5002, which is not an NPDES requirement A summary of organic compounds 
that were detected at least once at each outfall is given in Table 5-3. · 

The permit requires monthly monitoring of pH from the water discharged from one offsite well, 
locanon number 5604 (Figure 4-3). In 1990, this well was pumped 5 days and discharged a total of 
3.1 million gallons. The measured pH of this discharge was 7.4 pH units. This well is used to limit 
tritium migration in groundwater and has been operated in conjunction with the Potable Water Project 
(Dames and Moore August 1976). 

There were 813 samples analyzed for NPDES parameters during 1990. 

5.2.2 Applicable Standards 

Standards applicable to nonradioactive materials and physical properties in Mound wastewater 
discharges are contained in Mound's NPDES permit administered by EPA. Monitoring requirements 
and standards are listed in permit NP1-I-000005CD, Application No. OH009857. 

5.2.3 Results 

Four exceedances of permit limits were detected in 1990 (Table 5-4). All exceptions involved the 
biochemical oxygen demand (BOD) of the waste water treatment plant effluent. These exceedances 
resulted from difficulties impacting the efficiency of recycling and removal of sludge solids. This 
increased the BOD and suspended solids content of effluent from the treatment plant. Corrective 
actions included the reoptimization of flow rates in sludge return lines from the clarifier tanks. 
Adjustments to the polymer additions at the clarifier tanks were also required to improve the sludge 
recycling. These adjustments were needed to correct the effect of cold weather which stressed the 
sludge and decreased its density. This caused additional solids to remain in the liquid phase of the 
clarifier and escape recycling. The sand filters were also cleaned to funher improve the removal of 
solids which were not recycled by the clarifier. 

The EPA considered these exceptions as minor since they ranged from 6% to 25% over the NPDES 
limits. They occurred in January and February of 1990, and had no significant or measurable impact 
on the water quality of the Great Miami River. 

Data from the U.S. Geological Survey show that flow in the Great Miami River at Miamisburg in 1990 
averaged 2178 million gallons per day (MGD), with a minimum and a maximum of 316 MGD and 
15,116 MGD, respectively. The magnitude of this river flow is significantly greater than Mound 
effluents. Mound effluents did not affect the Great Miami River and its compliance with Ohio Stream 
Standards as shown in the Appendix of this report · 

5.3 ENVIRONMENTAL OCCURRENCES 

On April 27, 1990, a leak was discovered at a spare transformer. An estimated 2.5 quarts of PCB
contaminated oil had spilled. The initial estimate was uncenain and it was felt that it might constitute 

• 

a reportable quantity; therefore the National Response Center was called. During remediation, a • 
second area of PCB contamination from an earlier spill was discovered, and the remediation of this spill 
was assigned to the ER program under CERCLA. This remediation is discussed further on pages 10 
and 13 of this report. No other nonroutine releases of nonradioactive hazardous materials occurred 
during 1990. 
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Table S-3. 1990 Summary of Organic Compounds Detected 
in Mound Effiuents (~) 

Chiaro Diehl oro Diehl oro Tetra 
Bromo Dibromo Bromo Diflouro Methylene Chiaro 

Location Date Fonn . Methane Methane Methane Chloride Ethylene 

5601 900314 Nna ND ND ND 4 ND 
5601 900618 ND ND ND ND ND ND 
5601 900815 ND ND ND ND ND ND 
5601 901205 ND ND ND ND ND ND 

5602 900314 ND ND ND 12 4 ND 
5602 900618 ND ND ND ND ND ND 
5602 900815 ND ND ND ND ND ND 
5602 901205 ND ND ND ND 4 ND 

5002 900313 ND ND ND B 4 ND 
5002 900618 ND ND ND ND ND ND 
5002 900815 ND ND ND ND ND ND 
5002 901205 ND ND ND ND 3 ND 

5603 900313 B 9 4 ND 3 ND 
5603 900618 ND ND ND ND ND ND 
5603 900815 ND ND ND ND ND 10 
5603 901205 ND ND ND ND B ND 

MDLC 4.7 3.1 2.2 10 10 4.1 

Trans Tri-
(TCF)b 

2-Ethyl Di-n 
Diehl oro Chloro H~ Butyl 

Location Date Ethylene Ethylene Freon Acetone Ph te Phthalate 

5601 900314 ND ND ND BC B ND 
5601 900618 ND ND ND 17 99 B 
5601 900815 ND ND ND ND ND ND 
5601 901205 . ND ND ND ND ND ND 

5602 900314 ND ND ND 15 ND ND 
5602 900618 ND ND ND 31 ND B 
5602 900815 ND ND ND ND ND ND 
5602 901205 ND ND ND ND ND ND 

5002 900313 ND ND ND B ND ND 
5002 900618 ND ND ND ND ND ND 
5002 900815 ND ND ND ND ND ND 
5002 901205 ND ND ND ND ND ND 

5603 900313 2 4 B ND ND ND 
5603 900618 ND ND ND 11 ND B 
5603 900815 ND ND ND ND ND B 
5603 901205 ND ND ND ND ND ND 

MDLC 1.66 1.9 10 10 11 11 -
~ is none detected 
bTCF = trichlorofluoromethane 
cs is ttace detected, less than EPA's Method Detection Limit (MDL) 

5.4 SUBMISSIONS UNDER SARA TITLE ill 

Section 313 of the Emergency Planning and Right -to-Know Act requires submission of toxic chemical 
release data to the EPA. As pan of the requirement, Mound evaluated toxic chemical data during 1990 
and found that there were no chemicals on the EPA Toxic Chemical List that met the criteria of 
"otherwise used" and exceeded the reporting threshold limit of 10,000 pounds. 
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Table S-4. National Pollutant Discharge Elimination System Data for 1990 • 
Maximum ~t2ES fmnil Limi~ 

No. of Annual Monthly Weelcly Monthly 

Samples Minimum Maximum Average Average Daily Average Average 

DISCHARGE 5601 P ARAMETERS8 

Aow Rate. MOD Conlb 0.04 0.23 0.10 0.12 n/ac n/a n/a 
pH. s.u. 96 7.4 8.1 7.8 7.9 6.5-9.0 n/a n/a 
Biochemical Oxygen Demand. mg/L 63 03 18.9 4.8 12.0 n/a 15.0 10.0 
Suspended Solids, mg/L 63 0.2 12.4 33 7.2 n/a 30.0 15.0 

Fecal Coliform. N/100 mL 27 1 500 43 242 n/a 2000 1000 
Escherichia Coli, N/100 mL 1 78 78 78 78 n/a n/a n/a 
Residual Chlorine, mg/L . 131 0.05 0.43 030 035 n/a 0.5 n/a 
Oil & Grease, mg/L 1 <1.0 <1.0 <1.0 <1.0 n/a n/a n/a 
Ammonia, mg/L as N 7 0.05 132 0.57 1.14 n/a n/a n/a 
Cadmium, J.Lg/L 1 11 11 11 11 n/a n/a n/a 
Chromium, J.Lg/L 1 <50 <50 <50 <50 n/a n/a n/a 
Copper, J.Lg/L 1 94 94 94 94 n/a n/a n/a 
Nickel, J.Lg/L 1 <50 <50 <50 <50 n/a n/a n/a 
Zinc,J.Lg/L 1 55 55 55 55 n/a n/a n/a 
Lead. J.Lg/L 1 <50 <50 <50 <50 n/a n/a n/a 
Mercury, J.Lg/L 1 <2 <2 <2 <2 n/a n/a n/a • DISCHARGE 5602 PARAMETERS 
Aow Rate, MOD Cont. 0.05 0.42 0.13 0.17 n/a n/a n/a 
Chemical Oxygen Demand, mg/L 51 <6 307 74 126 n/a n/a n/a 
Suspended Solids, mg/L 51 0.8 32.8 10.8 213 45 n/a 30 
Oil & Grease, mg/L 12 <0.5 <0.5 <0.5 <0.5 10 n/a n/a 
pH. s.u. 51 7.9 8.8 8.4 8.5 6.5-9.0 n/a n/a 

DISCHARGE 5603 PARAMETERS 
pH,s.u. 24 7.1 7.6 73 7.5 6.5-9.0 n/a n/a 
Cyanide, mg/L 24 <0.1 <0.1 <0.1 <0.1 1.0 n/a 0.65 
Cadmium, J.Lg/L 24 <10 <10 <10 <10 100 n/a n/a 
Chromium, J.Lg/L 24 <50 <50 <50 <50 500 n/a n/a 
Copper, J.Lg/L 24 100 460 184 383 500 n/a n/a 
Nickel, IJ.g/L 24 <50 55 <50 <50 500 n/a n/a 
Total Toxic Organics, mg/L 4 <1 <1 <1 <1 2.13 n/a n/a 

DISCHARGE 5002 PARAMETERS -
Aow Rate. MOD Conl 0.00 2.56 0.61 0.94 n/a n/a n/a 
Suspended Solids, mg/L 52 4.2 43.6 16.5 23.6 45 n/a 30 
pH. s.u. 51 7.4 8.9 83 8.5 6.5-9.0 n/a n/a 

ll'Jne maximum and minimwn values for Biochemical Oxygen Demand. Residual Chlorine, and Suspended Solids are weekly average 
values for discharge 5601. 
bconl = Continuous 

CnJa = Not applicable. No permit limits. • 
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6. GROUNDWATER PROGRAM 

Summary: Monitoring wells were sampled and analyzed for volatile organics; semivolatile organics 
or base, neutral, acid extractables (BNA); pesticides and polychlorinated biphenyls (PCBs); explo
sives; metals; inorganic cations; inorganic anions; and radio nuclides. Preliminary interpretation of 
the groundwater monitoring data indicates that volatile organic chemicals are the primary contami
nants of concern. 

6.1 HYDROLOGY AT MOUND 

Groundwater conditions at Mound vary with the positions of different materials and their correspond
ing hydraulic properties. Virtually impermeable bedrock underlies all but the first few feet of the 
hilltop and hillside areas. Although the rock itself is impervious, very small quantities of groundwater 
seep through joints and weathered cracks. The upper 6 m (20 ft) of bedrock, where chemical 
weathering allows enlargement of cracks, is the most permeable. Permeability of the upper 6 m (20 
ft) of bedrock is estimated to range from 40 to 400 L/day/m2 (1 to 10 gpdfft'2). Below this depth, 
bedrock permeability generally ranges from 0 to 8 L/day/m2 (0.0 to 0.2 gpdlft2). 

Hydraulic properties of the glacial till soils that form a veneer over the entire site vary and depend on 
the relative proportions of fine- to coarse-grained material at any given location. Values of permeabil
ity normally range from 0.0041 to 0.041 L/day/m2 (0.0001 to 0.001 gpdlft2), although values up to 2.8 
L/dayfm2 (0.007 gpd/ft2) were measured in the upper weathered zones. Below the glacial till in the 
lower valley area is a zone of glacial outwash composed of sand and gravel. The permeability of this 
zone is estimated to range from 40,700 to 81,000 Udayfm2 ( 1,000 to 2,000 gpdlft2). This horizon forms 
the eastern edge of the Buried Valley Aquifer (BV A) and extends under the Great Miami River to the 
west. The three onsite wells draw water from this aquifer. This aquifer was designated a sole-source 
aquifer by the EPA during 1989. Water levels under the facility are ultimately controlled by the level 
of the Great Miami River, which has a non-flood level at el. 208 m (682 ft). 

6.1.1 Major Aquifers 

Municipal and industrial water supplies in the vicinity of the site depend upon high-capacity wells 
drilled into unconsolidated sand and gravel aquifers. Buried valleys that trend in the general position 
of the present Great Miami River and its tributaries contain 30 to 61 m ( 100 to 200 ft) of Pleistocene 
sand, gravel, and fme-grained till and form the principal aquifer in the area. Good domestic 
groundwater supplies are available in upland areas which are blanketed by granular glacial deposits 
or deposits of granular soils interbedded within relatively impermeable till. A map showing 
hydrogeologic environments for a radius of 4.0 km (2.5 mi) from the site is presented in Figure 6-1. 
Industrial wells adjacent to the site have specific capacities ranging from 15 to 45 liters/sec/m (73 to 
218 gpm/ft) of drawdown. Specific capacities as high as 281.5liters/sec/m ( 1360 gpm/ft) of drawdown 
have been reponed for a well at Chautauqua, about 2.4 km (1.5 mi) south of the site. 

Recharge to aquifers is available from three major sources: 

direct infiltration from the Great Miami River, 
leakage along valley walls at the bedrock-outwash contact, and 
induced infiltration caused by hydraulic sinks due to pumping. 

Recharge to the portion of the aquifer underlying the Mound Plant is primarily derived from direct 
infiltration from the Great Miami River and by precipitation and leakage from valley walls. This source 
of recharge is sufficient in quantity to balance withdrawals . 

The BV A, located immediately west of the Mound Plant and below an elevation of approximately 213 
m (700 ft), is the major aquifer adjacent to the site. Within the limits of the propeny, the maximum 
known thickness of the aquifer is about 21 m (70ft) at the extreme southwest comer of the site. The 
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aquifer reaches a maximum thickness of about 46 m (150ft) near the river channel and is oriented in 
a north-south direction, in coincidence with the course of the Great Miami River. Recharge by induced 
stream infiltration occurs, although the sand and gravel aquifer at this location contains extensive 
interstratified layers of clayish till which impede infiltration. The BV A west of the site is estimated 
to be capable of producing 35 to 47 million liters per day per kilometer (15 to 20 million gallons of 
groundwater per day per linear mile) of valley. 

There are no perennial streams on the site. There is a drainage basin associated with the deep valley 
which separates the two high areas, but it is generally limited to the site area. Since the drainage basin 
is relatively small and the slopes are relatively steep, runoff through site drainage features is rapid and 
does not pose a threat to facility structures. 

6.1.2 Movement of Groundwater 

The direction of groundwater flow in the area is generally toward the south, following the downstream 
course of the Great Miami River. Groundwater levels experience local reversals in areas of heavy 
pumpage which are expected to increase in both number and area as regional groundwater development 
increases in the future. Although the BVA is generally overdeveloped between West Carrollton and 
Dayton, relocation of well fields and artificial recharge through the use of infiltration lagoons will 
probably reduce the magnitude of groundwater gradient reversals within a few years. Currently, no 
evidence indicates that the regional gradient is reversed south of the city of West Carrollton. At 
Miamisburg, pumping does not influence the natural groundwater gradient except locally near 
individual well fields. 

6.1.3 Uses of Groundwater in the Vicinity 

There are six major public water supplies and numerous industrial users within an 8-km (5-mi) radius 
of Mound Plant The locations of public and private water supply wells and distribution areas for 
municipal water service are shown in Figure 6-2. A tabulation of current and projected water demands 
is presented in Table 6-1. 

The only industrial user within 8 km (5 mi) downstream is the 0. H. Hutchings Power Generating 
Station. Industrial groundwater users located north (upstream) of the site are isolated from the facility 
area by hydraulic barriers. 

Miamisburg owns ten water wells into the aquifer, but only those on the west side of the river are in 
use. All operational city wells are separated from the site by a minimum straight-line distance of over 
0.8 km (0.5 mi). 

Figure 6-2 shows the areas close to Mound in which some users obtain their water from private wells. 
Water is supplied to area C from the granular deposits of the Great Miami River floodplain. Thus, some 
of the water available for charging .private wells in this area originates in the runoff from the Mound 
Plant site. Low levels of tritium in this runoff have caused a slight but measurable increase above 

· background in the tritium content Private wells in the other areas defined on Figure 6-2 have not shown 
any increases in tritium content above nonnal background. Measurements have shown the concentrations 
to be less than 1.0% of the EPA drinking water standard of 20 nCi/L. 

Wells located on the DOE property at Mound supply the plant site. Present water usage of the facility 
ranges from 19 to 32liters/sec (300 to 500 gpm). The estimated maximum capacity of the water system 
exceeds the maximum water usage. A reserve water supply having a capacity of 63 liters/sec (1 ,000 
gpm) is available from the City of Miamisburg in case of emergency. The water withdrawn from the 
wells is partially replenished by induced stream infiltration from the Great Miami River and by 
precipitation. 
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Table 6-1. Municipal Groundwater Use Within the 
Great Miami River Watershed 

Upstream (U) or Average Projected Projected 
Downstream (D) of Groundwater Use Average Demand Peak Demand 

Municipal Supplies Site MGOa 1969 MGOa2020 MGOa 2020 

Within 5 miles of site 

Miamisburg u 1.570 11.761 17.642 
Germantown u 0.444 2.157 3.775 
Franklin D 2.013 21.120 31.680 
West Carrollton u 0.928 5.634 9.860 
Springboro D 0.211 4.852 8.492 

Within I 0 miles of site 

Farmersville u 0.069 0.663 1.160 
New Lebanon u 0.350 1.919 3.358 
Oakwood u 1.081 2.011 3.017 
Middletown D 7.815 20.168 30.252 
Greater Moraine 

Sanitary District u 14.295 61.446 92.169 

Within 15 miles of site 

Dayton u 61.142 192.836 289.254 
Dayton State 

Hospital u 0.016 0.023 0.040 
Monroe D 0.254 1.840 3.220 
Trenton D 0.363 2.404 4.207 
Gratis u 0.017 0.131 0.229 
West Alexandria u 0.124 0.280 0.490 

a Million gallons per day. 

6.2 APPLICABLE STANDARDS 

Analytical results of groundwater samples collected from Mound monitoring wells are compared with 
Federal primary drinking water standards (40 CFR 141-143) in this repon. Although drinking water 
standards do not apply to monitoring wells, they are a convenient reference for comparison. Federal 
secondary drinking water standards are not addressed in this repon because they ate primarily aesthetic 
guidelines relating to public acceptance of drinking water (40 CFR 143.1). 

6.3 DESCRIPTION OF GROUNDWATER PROGRAM 

The Main Hill of the Mound site is underlain by shale and thinly bedded limestone bedrock. Water 
within the shale is thought to be transmitted along fractures until deflected laterally at the intersections 
of competent shale beds unaffected by fracturing. This water then emerges at the surface as seeps 
(Figure 6-3). Groundwater from wells and seeps on the Main Hill has a history of tritium and volatile 

91..()1~1 53 



Environmental Monitoring at Mound 

~7 

---• N 
0 700 
I I 

Scale fn Fee1" 

Figure 6-3. Groundwater seeps sampling locations on the Main Hill 
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organic compound (VOC) contamination and may serve as a source of contamination into the onsite 
valley to the south and into the BY A to the west The groundwater monitoring program uses a network 
of sampling sites on and off the Mound site, consisting of the seeps (Figure 6-3) and wells into bedrock 
and into the aquifer (Figure 6-4 ). 

Observations of contaminant concentrations in the groundwater on the Main Hill have determined that 
the following contaminants exceed primary drinking water standards: 

radioactive contaminants - tritium 
VOC contaminants- trichloroethene and tetrachloroethane 

6.3.1 Tritium Contamination 

6.3.1.1 Tritium Contamination in Seeps and Bedrock Wells 

Tritium, recognized as a persistent contaminant in the seeps since 1986 (Department of Energy 1987), 
has been the focus of various extensive investigations. Table 6-2 presents tritium concentrations 
measured in groundwater wells and the Main Hill seeps from January to July 1990. The highest 
concentrations (greater than 100nCi/L) were measured in seeps0601 and 0605. Tritium concentrations 
at all sampled seeps exceeded the drinking water standard of 20 nCi/L for some sampling events in 
1990. The wells are completed in shallow bedrock on the Main Hill. Measured well concentrations 
ranged from 5.0 to 24.3 nCi/L. Tritium concentrations measured in wells 117 and 122 were within the 
drinking water standard. 

In July, samples were split with IT Corporation for independent verification of results. Comparison 
of July results indicates good agreement between IT's results and Mound's . 

· 6.3.1.2 Tritium Contamination in the BY A 

Through the Potable Water Standards Project (Dames and Moore August 1976) and the Buried Valley 
Aquifer Evaluation Project (Dames and Moore December 1976), tritium contamination levels in the 
BY A have been maintained below regulatory standards. The sediment in the Miami-Erie Canal was 
identified as a probable contaminant source to the Buried Valley aquifer. As a follow-up to these 
projects, tritium levels in the groundwater in the vicinity of Mound Plant are monitored by Mound on 
a weekly basis. Fonner Miamisburg production well No. 2 (0912) is sampled at least monthly. When 
the concentration of tritium exceeds 20 nCi/L, the well is pumped until concentrations are below 10 
nCi/L. Discharge is routed through a closed pipe to the Great Miami River. Successive pumpings 
have required progressively shoner durations to achieve the 10 nCi/L target. In the last four years, it 
was necessary to pump the Miamisburg No. 2 well4 times: May 1 to May 27, 1986; November 3 to 
November 5, 1987; July 25 to August 2, 1989; and July 20 to July 24, 1990. The target is to maintain 
the concentration at monitoring wells at less than 20 nCi/L and to reduce the concentration at the 
pumped well to less than 10 nCi/L. 

Table 6-2 also presents tritium concentrations in groundwater samples collected from monitoring wells 
in the B VA from January to July 1990. For this period of monitoring, concentrations from monitoring 
wells in the vicinity of the Miami-Erie Canal ranged from less than 0.5 to 14.6 nCi/L. All 
concentrations were less than the EPA drinking water standard of 20 nCi/L. For groundwater samples 
collected in July 1990, tritium concentrations of 10 to 15 nCi/L or greater were measured at three 
monitoring wells (0310, 14 nCi/L; 0303, 10 nCi/L). 

Monitoring wells 0124 and 0126 are located near the confluence of the Mound Plant drainage channel 
and the Miami-Erie Canal. The three monitoring wells are completed in the upper unit of the BY A. 
Tritium concentrations measured in the two wells from January to July 1990 range from 6.13 to 11.1 
nCi/L. Monitoring wells presented in Table 6-2located within the Buried Valley aquifer include 0063, 
007 6, 0138, 0156, 0303, 0304, and 0306 (Figure 6-4 ). Monitoring well 0310 is completed in the upper 
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bedrock on the east flank of the Buried Valley aquifer. Geologic records and well concentration 
information for the wells are presented in the "Site Seeping Report: Volume 2- Geologic Log and Well 
Information" (DOE 1990). Tritium concentrations measured in the monitoring wells over the period 
of January to July 1990 ranged from less than 0.5 nCi/L to 14.6 nCi/L. All measured values are less 
than the drinking water standard of20 nCi/L. The highest concentrations were measured at monitoring 
well 0310, which is located between Area Band the south channel of the Miami-Erie Canal. 

Table 6-2. Tritium (nCi/L) in Groundwater Samples 
(January to July 1990) 

Jan Feb Mar Apr Jul Jul 
(Mound) (IT~ 

~ (Analyzed by Mound Plant Laboratory) 

0601 135 145 156 
0602 19 6 9 36 27 
0605 107 83 68 79 
0607 24 26 23 31 
0608 5 18 29 28 

~ 

0063 7.64 10.20 10.20 9.43 9 
0076 1.13 0.02 2.03 <0.05 2 
0111 2.71 3.92 3.71 3 3.0 
0117 10.50 10.50 12.00 12 
0118 0.5 0.7 
0120 13.60 21.40 24.30 23 
0122 5.67 6.54 5.80 5.00 5 
0123 <0.05 0.05 <0.05 <1 
0124 6.13 6.49 11.10 7 
0126 8.19 8.78 8.19 10.80 9 
0129. 2.73 2.90 2.49 2.43 3 
0137 7.72 7.21 6.24 6 6.82 
0138 3.92 4.26 4.70 5.01 9 
0156 <0.05 <0.05 0.06 <1 
0302 6 7 5 6 7 
0303 3.62 6.55 6.79 7.57 10 
0304 <0.05 <0.05 <0.05 <0.05 1 
0306 12.60 11.30 11.30 9 9.67 
0310 14.20 16.10 13.70 13.00 14 14.60 
0311 BKGRb 3 2 2 1 
0913 2.17 1.82 2.90 3.11 6 

3IT- IT Corporation analyzed split sample. EPA drinking water standard for tritium= 20 nCi/L 
hBKGR- background · 
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6.3.2 VOC Contamination 

6.3.2.1 VOC Contamination in Seeps and Bedrock Wells 

Groundwater samples collected in 1988 from seeps on the Main Hill first established the presence of 
VOCs in seeps0601, 0602,0605, and0607 (Department of Energy April1991). Table 6-3 represents 
concentrationsofVOCsdetectedatseepsforsamplingeventsfromJanuarytoJuly 1990. Trichlorcx:thene 
exceeded the 5-J.Lg/L drinking water standard at seeps 0601, 0602, 0605, and 0608. Maximum 
concentrations of trichloroethene were measured at seeps 0601 and 0602 with values ranging from 3. 7 
to 12 J.Lg/L at seep 0601 and from 6.6 to 40 J.Lg/L at seep 0602. Additionally, trichloroethene has 
persisted at seep 0607 in concentrations ranging from 1.3 to 4.5 J.Lg/L. 

Table 6-3. Volatile Organic Concentrations (JJ.g/L) 
in Groundwater Samples Collected from Seeps from January to October 1990 

Seep Organic Compound Jan Feb Mar April July Oct MCLa 

0601 Dichloromethane 13 NOb ND ND ND ND sc 
1,1, 1-Trichloroethane ND 7 2.3 ND .6 .4 200 
Trichloroethene 3.7 5.2 4.5 12 7.7 4.5 5 
Tetrachlorethene 8.4 12 11 25 11 9.6 5 

0602 Trichloromethane .6 ND .9 ND ND 1 10Qd 
1,2-Dichloroethene (total) ND ND ND 14 ND ND 1oe 
1,1-Dichloroethane ND ND 1 ND ND ND NAf 
Trichloroethene 16 6.6 38 40 26 15 5 
1,1, 1-Trichloroethane 32 . 6 2 1* 6.1 . 1.1 200 

0605 1,1, 1-Trichloroethane .5 .9 .8 ND .5 .4 200 
1,2-Dichloroethy lene ND ND ND 12 ND ND 1oe 
Trichloromethane ND ND ND 3* ND ND }()()d 
Trichloroethene 4.9 7.1 6.4 9 9 8.9 5 

0607 1, 1, 1-Trichloroethane 1.1 2 1.9 1* 2.2 .9 200 
Dichloromethane ND ND ND 25** ND ND sc 
Acetone ND ND ND 17** ND ND NA 
1 ,2-Dichloroethene ND ND ND 5 ND ND 1oe 
Trichloromethane ND ND ND 1* ND ND 10Qd 
Toluene ND ND ND 1* ND ND 2()()()C 
Tetrachlorethene ND ND ND ND .4 ND 5 
Trichloroethene 1.3 2.7 3.3 4* 4.5 2.2 5 

0608 Trichlorofluoromethane 2.8 ND ND ND ND ND NA 
1 ,2-dichloroethene (total) ND ND ND 2* ND ND · 7oe 
1,1, 1-Trichloroethane ND ND ND ND .4 - ND 200 
Trichloroethene ND ND ND 9 2.7 ND 5 

a MCL - Maximum Contaminant Level 
b ND indicates that a contaminant was not detected c Proposed limit 
d 100 J.Lg/L for total of trihalomethanes 
e Proposed MCL for cis 70 J.Lg/L, trans 100 J.Lg/L 
f NA- no current MCL exists 
* Estimated value less than detection limit 
** Compound was also found in the blank 

91~12M,u69i 58 

• 

• 

• 



• 

• 

• 

Environmental Monitoring at Mound 

Other contaminants include tetrachloroethene at seep 0601, with persistent contamination at concen
trations above the 5-J.Lg/L drinking water standard; measured concentrations ranged from 8.4 to 25 Jlg/ 
L. Commonly, 1,1,1,-trichloroethane is present in groundwater samples collected from seeps 0601, 
0602, 0605, and 0607. However, measured concentrations are below the drinking water standard 
of 200 Jlg/L. 

The other monitoring wells (0309 and 0310) completed in the bedrock at Mound Plant are located 
adjacent to Area B, Operable Unit 1, where persistent VOC contamination affects the overlying BV A. 
The two bedrock wells are clustered with other wells (0306 ~d 0153) completed within the B VA. The 
contaminants trichloroethene and tetrachloroethene have been persistently above or near the maximum 

· contaminant level (MCLs) in the Buried Valley Aquifer but very low in the bedrock wells. No other 
VOC contamination has been detected in the bedrock wells. 

6.3.2.2 VOC Contamination in the BV A 

Within the Mound Plant boundary, 18 monitoring wells are completed in the upper unit of the Buried 
Valley Aquifer and have been sampled on a quarterly basis since 1988. Results indicate the presence 
of VOC contamination. Based on the present monitoring well network, concentrations appear to be 
greatest along the western plant boundary, immediately southwest of the Main Hill and plant drainage 
ditch, and to generally decrease southward (Figure 6-4). 

From north to south, 13 monitoring wells [0312, 0315, 0137, 0046, 0152, 0307, 0313, 0153, 0306, 
0063, 0305, 0154, and 0155 (Figure 6-4)] exhibit concentrations ofVOCs that exceed the EPA drinking 
water standards (Table 6-4). Trichloroethene and tetrachloroethene are the principal compounds, but 
tetrachloromethane, chloroethene, 1 ,2-dichloroethene, 1 ,2-trans-dichloroethene, and 
trichlorofluoromethane have also been detected intenninently. Continuing southward, the plant 
production wells 0071, 0271, and OQ76 (Figure 6-4) exhibit VOC contamination, principally 
trichloroethene,just below the drinking water standards, along with other trace compounds (Table 6-
4). South of the production well field, two monitoring wells [0320 and 0158 (Figure 6-4)] show traces 
of 1,1, 1-trichloroethane. 

Along the plant drainage ditch, within the plant boundary, VOC contamination appears to be limited. 
Only two monitoring wells [0122 and 0125 (Figure 6-4)] exhibit traces oftrichloroethene and 1,1,1-
trichloroethane, respectively. VOC contamination has not been detected or only sporadic detections 
have been seen to date in the remaining wells including 0111, 0119,0314, 0151, and 0316. 

West of Mound Plant, 18 monitoring wells are sampled for VOCs quarterly by the ER Program. 
Fourteen of these are completed in the upper unit of the BV A and four are completed in the lower unit 
(Figure 6-4 ). Only limited VOC contamination has been detected to date, and only monitoring well 
0126 has consistently shown traces oftetrachloroethene (Table 6-5). The July 1990 sampling round 
showed traces of 1,1,1-trichloroethane in nine wells (Table 6-5). Within the lower unit of the Buried 
Valley aquifer, the monitoring wells (0301, 0302, 0303, and 0304) all had reponed traces of 1,1,1-
trichloroethane for the July 1990 sampling, as did the offsite seeps on the northwest flank of the Main 
Hill. 

6.3.3 Plutonium Analyses for Groundwater 

Samples from monitoring wells have been analyzed forplutonium-238 at least once since 1987. Recent 
(i.e., 1990 quarterly sampling rounds) plutonium-238 analyses indicate concentrations are less than the 
detection limit of the analytical method (l.OpCi/L). The DOE DCG forplutonium-238 in water is 40 
pCi/L (ICRP 30, 1979). Monitoring wells 0124,0126, and 0129 (Figure 6-4) are located in the area 
where high plutonium concentrations were measured in canal sediments, but there is no current 
evidence that groundwater has been affected. 
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Table 6-4. Volatile Orgamc Concentrations OJ.g!L) 
in Groundwater Samples Collected from Wells Onsite from January to October 1990 • 

Well Parameter Jan Feb Mar April July Oct MCL8 

0028 1,1, 1-Trichloroethane NSb NS NS NS .7 NS 200 

0046 Trichloroethene 3.5 5.9 4.8 8 5.1 3.7 5 
1,1, 1-Trichloroethane Nl)C ND .s ND .8 .5 200 
1,1 ,2-Trichloroethane ND ND ND ND ND ND Sd 
Tetrachlorethene 3.3 4.6 6.1 9 7.4 5.7 5 
cis-1 ,2-Dichloroethene ND ND ND ND ND ND . 7Qd 

Trichloromethane ND ND ND ND ND .8 1ooe 
Bromodichloromethane ND ND ND ND ND ND 1ooe 
Dibromochloromethane ND ND ND ND ND ND 1ooe 

0063 Trichloromethane 7.6 11 13 10 7.9 12 1ooe 
1,2-Dichloroethene (total) ND ND ND 21 ND 1 70g 
1,1, 1-Trichloroethane .5 .4 ND ND 1.2 .5 200 
Tetrachloromethane 1.5 1.8 2.7 2* 2.3 2.8 5 
Trichloroethene 26 43 68 69 57 21 5 
Tetrachlorethene 14 18 29 28 29 27 5 
cis-1 ,2-Dichloroethene ND ND ND ND ND ND 7Qd 

0071 Trichloroethene · 1.8 1.5 1.9 4* 3.6 3.4 5 
Trichloromethane ND ND ND ND 5.5 .8 1ooe 
1,1, 1-Trichloroethane ND ND ND ND .8 .3 200 • 1,2-Dichloroethene (total) ND ND ND 13 ND ND 70g 
Tetrachlorethene .3 ND .4 ND .4 .5 5 
cis-1 ,2-Dichloroethene ND ND ND ND ND ND 7Qd 

0071 h 1,1, 1-Trichloroethane .4 200 
(Dup) Trichloroethene 4 5 

Tetrachloroethene .5 5 
Trichloromethane 1.1 1ooe 

0076 1,1, 1-Trichloroethane .4 .4 .6 ND 1.4 .3 200 
1,2-Dichloroethene (total) ND ND ND 2* ND ND 70g 
Tetrachlorethene .3 .6 1.1 ND .4 1.2 5 
Trichloromethane ND ND .7 ND ND .9 1ooe 
Trichloroethene ND 2 3.1 1* ND 3.8 5 
1,1 Dichloroethene ND ND ND ND ND ND 7 
cis-1 ,2-Dichloroethene ND ND ND ND ND - ND 7Qd 

0111 Trichloromethane ND ND ND ND ND 1.1 1ooe 

0115 1,2-Dichloroethene (total) NS NS NS 2* ND ND 70g 
Tetrachlorethene NS NS NS ND 1 .4 5 
Trichloroethene NS NS NS 4* 3.5 1.5 5 

• 
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• Table 6-4. Volatile Organic Concentrations (J.Lg/L) 
in Groundwater Samples Collected from Wells Onsite from 

January to October 1990 (Continued) -

Well Parameter Jan Feb Mar April July Oct MCLa 

0120 2-Hexanone NS NS NS 1* ND ND NA 

0122 Trichloroethene NS NS NS 2* ND ND 5 

0125 Trichloromethane NS NS NS 6 ND NS 1ooe 
1,1, 1-Trichloroethane NS NS NS ND 1 NS 200 

0137 Trichloromethane NS NS 1.2 ND .5 ND 1ooe 
Trichloroethene NS NS 5.3 6 4 4* 5 
Tetrachlorethene NS NS 2 ND .9 ND 5d 
1,1, 1-Trichloroethane NS NS ND ND .4 ND 200 
Carbon Disulfide NS NS ND 2* ND ND NA 
Tetrachloromethane NS NS 3.1 7 3.3 2* 5 

0152 Trichlormethane 1 .6 .7 1* 5 ND 1ooe 
1,1, 1-Trichloroethane .4 .6 ND ND .5 .5 200 
Tetrachloromethane 1.1 ND ND ND ND ND 5 
Trichloroethene 16 9 8.8 13 9.6 8.9 5 

•• Tetrachlorethene 7.1 4 4.9 6 4.7 4.8 5 

0153 1,1, 1-Trichloroethane .4 .7 ND ND .9 .4 200 
Trichlormethane ND ND .6 1* .6 ND 1ooe 
1,2-Dichloroethene (total) ND ND ND 2* ND ND 70g 
Trichloroethene 7.2 13 18 28 14 12 5 
Tetrachlorethene 4 4.3 6.9 10 5.3 6.6 5 

0154 I, 1,1-Trichloroethane .3 .4 .6 ND 1.3 .4 200 
Trichlormethane ND ND .7 14 .5 ND 1ooe 
1,2-Dichloroethene (total) ND ND ND 47 ND ND 70& 
Trichloroethene 2.6 3.5 9.2 11 11 6.8 5 
Tetrachlorethene .5 .5 .8 I* 1.1 1 5 
cis-1 ,2-Dichloroethene ND ND ND ND ND ND 7Qd 

0154h Trichloroethene 6.2 5 
(Dup) Tetrachloroethene .9 5 

0155 Trichloroethene 4 2.8 3.3 8 6.3 6.3 5 
Trichloromethane ND ND ND ND .8 - ND 1ooe 
1 ,2-Dichloroethene (total) ND ND ND 34 ND ND 70g 
1,2-Dichloroethane ND ND ND ND .3 ND N/A 
1,1, 1-Trichloroethane ND .4 .5 ND .7 .4 200 
Tetrachlorethene .6 ND ND ND .5 .8 5 
cis-1,2-Dichloroethene ND ND ND ND ND ND 70d 

• 0158 1, 1, 1-Trichloroethane NS NS NS ND .4 ND 200 
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Table 6-4. Volatile Organic Concentrations (J..Lg/L) 
in Groundwater Samples Collected from Wells Onsite from 

January to October 1990 (Continued) • 
Well Parameter Jan Feb Mar April July Oct MCLa 

0271 Trichloroethene 3.5 2.5 4 2* 1.4 3.9 5 
Trichloromethane ND ND ND ND 2.2 1.2 1ooe 
1 ,2-Dichloroethene (total) ND ND ND 3* ND ND 708 
1,1, 1-Trichloroethane ND .3 ND ND .7 ND 200 
Tetrachlorethene 1.1 .7 1.8 ND .5 1.2 5 
cis-1 ,2-Dichloroethene ND ND ND ND ND ND 7Qd 

0305 trans-1 ,2-Dichloroethene 1.4 ND .9* ND 2.7 ND 10Qd 
Trichloromethane 8.1 5.1 7.4 9 8.2 7.5 1ooe 
Trichlorofluoromethane ND ND 2.2 ND ND ND NA 
1,1, 1-Trichloroethane .6 .8 ND ND .8 ND 200 
Tetrachloromethane 2.1 2.4 ND ND 1.5 2.6 5 
Chloroethene ND ND ND 14 ND ND 2 
1 ,2-Dichloropropane ND ND ND ND .6 ND 5d 
1,2-Dichloroethene (total) ND ND ND 110 ND ND 708 
Trichloroethene 29 26 38 61 68 28 5 
Tetrachlorethene 22 20 25 29 25 24 5 
cis-1 ,2-Dichloroethene ND ND ND ND ND ND 7Qd 

0306 1,1, 1-Trichloroethane .5 .7 ND ND .6 .4 200 
Trichlorofluoromethane ND ND .8* ND ND ND NA • 1,2-Dichloroethene (total) ND ND ND 2* ND ND 708 
Trichloromethane ND ND .6 ND ND ND 1ooe 
Trichloroethene 5.6 7.7 16 23 15 11 5 
Tetrachlorethene 3.3 3.2 5.9 9 6 6.2 5 

0307 Trichloromethane 1.1 1.1 1 ND 1 1.2 1ooe 
1,1, 1-Trichloroethane ND .5 ND ND .7 0.5 200 
Tetrachloromethane 1.3 1.4 ND ND 1.3 1.8 5 
Trichloroethene 7.4 8.7 7.3 9 9.3 9.8 5 
Tetrachlorethene 8.3 9.4 8.8 9 10 12 5 

0309 Trichlorofluoromethane ND ND .6* ND ND ND NA 
1,1, 1-Trichloroethane ND ND ND ND .9 .3 200 
1,2-Dichloroethene (total) ND ND ND 3* ND ND 708 
Trichloroethene ND ND .6* ND ND ND 5 
Tetrachlorethene ND ND .2* ND ND ND 5 

-

• 
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• Table 6-4. Volatile Organic Concentrations (J.l.g/L) 
in Groundwater Samples Collected from Wells Onsite from 

January to October 1990 (Continued) 

Well Parameter Jan Feb Mar April July Oct MCLa 

0312 1,2-Dichloroethene (total) NS NS NS 35 ND ND 70& 
_ Trichloroethene NS NS NS 30 8;6 20 5 

1,1,1-Trichloroethane NS NS NS ND ND .3 200 
Tetrachloromathane NS NS NS ND ND ND 5 
Trichloromethane NS NS NS ND ND .5 1ooe 
trans-1.2-Dichloroethene NS NS NS ND ND ND lQOd 
cis-1,2-Dichloroethene NS NS NS ND ND ND 7Qd 

0313 Trichloromethane .9 1.5 1.5 ND 1.2 ND 1ooe 
Trichlorofluoromethane ND ND 1.4* ND ND 2 NA 
1, 1,1-Trichloroethane ND ND ND ND .8 .4 200 
Tetrachloromethane ND 1.5 1.6 2* 2.1 1.9 5 
Trichloroethene 7 12 9 11 12 7.8 5 
Toluene 10 ND ND ND ND ND 2()()()d 
Tetrachlorethene 7.6 14 14 15 16 13 5 
Total xylenes 14 ND ND ND ND ND 10Q00d 

•• 0315 Trichloromethane 1 1.2 .6 ND ND .9 1ooe 
1,2-Dichloroethene (total) ND ND ND 2* ND ND 70& 
1,1, 1-Trichloroethane ND .6 ND ND ND .3 200 
Tetrachloromethane 5.2 3.7 2.8 3* 4.3 4.6 5 
Trichloroethene 5.7 4.4 3.7 6 4 3.9 5 
Tetrachlorethene ND ND .2* ND .5 ND 5 
cis-1,2-Dichloroethene ND ND ND ND ND ND 7Qd 

0317 Trichloromethane ND ND ND ND ND 1.1 1ooe 

0319 Trichloroethene ND ND .9* ND ND ND 5 
Tetrachlorethene ND ND .4 ND ND ND 5 

0320 1,1,1-Trichloroethane ND ND ND ND .3 ND 200 
Total xylenes ND ND ND 2* ND ND 10Q00d 

aMCL - Maximum Contaminant Level 
bNS- Well was not sampled 
CND - Contaminant was not detected 
dProposed limit -

e100 J.l.g/L for total of trihalomethanes 
fNA - no current MCL 
~posed MCL for cis 70 !lg/L. trans 100 J.l.g/L 
hDuplicate analysis of well sample 
*Estimated value less than the detection limit 

• 
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Table 6-5. Volatile Urgamc Concentrations (JJ.g/L) 
in Groundwater Samples Collected from Wells Offsite from January to October 1990 • Well Parameter Jan Feb Mar April July Oct MCL2 

0118 1,1, 1-Trichloroethane NSb NS NS Nl)C 1 .4 200 

0123 Trichloroethene NS NS NS NS ND 1.8 5 

0124 1,1, 1-Trichloroethane ND .5 .4 ND ND ND 200 

0126 1,1, 1-Trichloroethane .4 .3 ND ND 1.3 .5 200 
Tetrachlorethene .3 ND .5 ND .4 .3 5 

0127 1,1, 1-Trichloroethane NS NS NS 1* ND ND 200 

0128 1,1, 1-Trichloroethane NS NS NS ND .4 NS 200 

0129 1,1, 1-Trichloroethane ND .4 .5 ND 1 .4 200 

0130 1,1, 1-Trichloroethane NS NS NS ND .3 NS 200 

0159 Trichloroethene NS NS NS ND ND .3 5 

0160 Trichloroethene NS NS NS ND ND 3.9 5 
1,1, 1-Trichloroethane NS NS NS ND ND ND 200 
1,1 ,2-Trichloroethane NS NS NS ND ND ND 5d • 0301 1,1, 1-Trichloroethane ND ND ND ND 1.3 ND 200 

0302 1,1, 1-Trichloroethane ND ND ND ND 1 ND 200 

0303 1,1, 1-Trichloroethane ND ND ND ND .7 ND 200 

0304 1,1, 1-Trichloroethane ND ND ND ND .9 ND 200 

0311 Tetrachlorethene ND ND .3 ND .4 ND 5 
1,1, 1-Trichloroethane ND ND ND 6 ND ND 200 

2MCL - Maximum Contaminant Level 
bNS - Well was not sampled 
eND - Contaminant was not detected 
dProposed limit as of May 27, 1989 

-

• 
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7. ENVIRONMENTAL SURVEILLANCE QUALITY ASSURANCE 

Summary: Mound panicipated in comparison exercises in which samples were analyzed from outside 
laboratories-DOE's Environmental Measurements Laboratory, the Environmental Monitoring 
System Laboratory-Las Vegas, the U.S. Environmental Protection Agency, and Analytical Products 
Group, Inc. Mound's analyses of a number of radiological and nonradiological substances agreed 
well with that of the external labs. Mound also has an internal Quality Assurance Program that 
consists of running blanks, internal standards, and duplicate samples. This Quality Assurance 
Program validates the reliability of Mound data. 

As an essential part of it's Quality Assurance Program during 1990, Mound analyzed reference 
samples from reliable outside laboratories: DOE's Environmental Measurements Laboratory (EML), 
the EPA's Environmental Monitoring System Laboratory-Las Vegas (EMSL-LV), the U.S. Environ
mental Protection Agency (EPA) NPDES Program, and a private laboratory, Analytical Products 
Group, Inc. (APG). The EML samples consisted of radionuclides in air filters, water, soil, and 
vegetation. TheEMSL-LV samples contained tritium in water. The EPA andAPG samples contained 
nonradioactive contaminants in water. 

Table 7-1 shows the Mound/EML March 1990 results. With one exception, the results of the two 
laboratories agree closely. Seven samples are within+/- 10% and two within+/- 21 %. The one sample 
within+/- 63% resulted when the first Mound tritium-in-water sample yielded inexplicably low results. 
Because there was insufficient material left, the second sample was tested without distillation, which 
allowed other beta emitters to remain as impurities and resulted in the reponed high value. Mound 
requested another sample as verification, and the result of this sample was well within acceptable 
limits-46,653 pCi/L, a ratio of 0.89, Mound to EML concentration. However, the result was obtained 
too late to include in the EML repon. As a corrective action, procedures were changed to withhold 
enough material to test a repeat sample accurately. 

Table 7-1. Mound DOE Quality Assessment Program Results 
Radionuclides in Environmental Samples8 

(March 1990 Samples) 

Mound EML Reference Ratio 
Concentrationb Concentrationc Mound/EML 

Type Radionuclide [pCi/(kg or L)] [pCi/{kg or L)] Concentration 

Air Pu-239 0.84+/- 6% 1.05 +/- 12% 0. 79 +/- 0.11 
U-234 0.62 +/- 8% 0.689 +/- 5% 0.90 +/- 0.09 
U-238 0.65 +/- 8% 0.689 +/- 5% 0.94 +/- 0.10 

Soil Pu-239 5865 +1- 5% 5730 +/- 4% 1.02 +/- 0.07 
U-234 3163 +/- 5% 3784 +/- 3% 0.84 +/- 0.05 
U-238 3568 +/- 4% 3784 +/- 3% 0.94 +/- 0.05 

-
Vegetation Pu-239 10.8 +/- 17% 9.00 +/- 4% 1.20 +/- 0.22 

Water H-3 86226 +/- 1% 52979 +/- 2% 1.63 +/- 0.05 . 
Pu-239 28.9 +/- 1% 28.1 +/- 9% 1.03 +/- 0.10 
U-234 28.4 +/- 5% 27.0 +/- 5% 1.05 +/- 0.08 
U-238 28.7 +/- 5% 27.0 +/- 5% 1.06 +/- 0.08 

au nits are pCi/filter for air samples, pCi/L for water, and pCi/kg for soil and vegetation. 
hne Mound error is the two sigma error based on counting statistics or based on replicate analysis. 
C'fhe EML error is the standard error of the mean. 
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The September 1990 comparison of Mound Quality Assurance Program results with EML results • 
(Table 7-2) shows four samples within+/- 5%, seven between+/- 12% and+/- 15%, and two within 
+/- 24%. The three sets of duplicates in the air samples repeat well: 0% (U-238) to 12% (Pu-239). The 
second plutonium-239 sample is 24% lower than the reference value; however, it shows good 
repeatability with its duplicate, and for this sample the average of all laboratory results was 11% below 
the reponed EML value with a standard deviation of 10%. Plutonium-239 in soil was 22% above the 
EML value, and the average of all laboratories was 8% above that ofEML wi~ ~ sta:ndard devia~on 
of 14%. In both cases, there is good agreement between Mound and the otherparnCipanng laboratones. 

Table 7-2. Mound DOE Quality Assessment Program Results Radionuclides in 
Environmental Samples8 (September 1990 Samples) 

Mound EML Reference Ratio 
Sample Concentrationb Concentrationc Mound/EML 
Type Radionuclide (pCi/(kg or L)) (pCi!(kg or L)) Concentration 

Air Pu-239 (l)d 1.189 +/- 6% 1.379 +/- 13% 0.86 +/- 0.13 
Pu-239 (2) 1.054 +/-7% 1.379 +/- 13% 0.76 +/- 0.12 
U-234 (1) 0.3244 +/- 8% 0.338 +/- 4% 0.96 +/- 0.09 
U-234 (2) 0.2973 +/- 9% 0.338 +/- 4% 0.88 +/- 0.09 
U-238 (1) 0.2973 +/- 9% 0.338 +/- 4% 0.88 +/- 0.09 
U-238 (2) 0.2973 +/- 9% 0.338 +/- 4% 0.88 +/- 0.09 

Soil Pu-239 37.8 +/- 17% 31.1 +/- 6% 1.22 +/- 0.23 
U-234 649 +/- 5% 764.9+/- 4% 0.85 +/- 0.06 
U-238 641 +/- 5% 737.9 +/- 3% 0.87 +/- 0.06 

Water H-3 108,931 +/- 0% 105,417.+/- 9% 1.03 +/- 0.09 
Pu-239 24.9 +/- 2% 29.46+/-1% 0.85 +/- 0.02 
U-234 6.14 +/- 4% . 6.379 +/- 3% 0.96 +/- 0.06 
U-238 6.51 +/- 4% 6.595 +/- 5% 0.99 +/- 0.07 

a Units are pCi/filter for air samples, pCi/L for water, and pCi/kg for soil. 
b The Mound error is the two sigma error based on counting statistics or based on replicate analysis. 
c The EML error is the standard error of the mean. 
d Numbers in parentheses indicate that duplicate samples were analyzed. 

In addition to the EML program, Mound participated in the EMSL-L V study for tritium in water (Table 
7-3). EPA sets warning and control limits of 1.4 and 2.0 standard deviations from the group average. 
Mound's results range from 1.4- 1.8 standard deviations from the group results. Based on data supplied 
by EMSL-LV, 79% of the respondents were within 2.0 standard deviations of the average. Mound's 
results fall within the distribution expected for this study. -

Mound's results for the 1990 EPA-NPDES Quality Assurance Program for the determination of 
nonradioactive parameters in water shown in Table 7-4 are all within the warning limits and the control 
limits. 
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Table 7-3. Mound EMSL-L V Assessment Program Results 
Tritium in Water 

Mound EMSL-LV 
Concentration Concentration Control Limits Warning Levels 

(pCi/L} (pCi!L) (pCi!L) (pCi!L) 

8353 +/- 309 7203.0 +/- 720.0 5953.8 - 8452.2 6369.5 - 8036.5 
8043 +/- 309 
8223 +/- 307 

Average of all laboratories participating in study (without outliers): 7125.08 pCi/L. 

Table 7-4. 1990 Mound EPA-NPDES Quality Assurance Program 
Results for the Determination of Nonradioactive Parameters in Water 

Mound EPA Acceptance Warning Performance 
Parameters Value Value Limits Limits Evaluation 

Trace Metals (JJ.g/L) 

Cadmium 117 110 92.9- 124 96.7- 120 Acceptable 
Chromium 669 700 562- 819 595- 787 Acceptable 
Copper 511 500 444-547 457-534 Acceptable 
Nickel 788 800 695-899 721 - 874 Acceptable 

Miscellaneous Parameters (mg/L) 

pH 8.46 8.50 8.19- 8.84 8.27- 8.76 Acceptable 
Total Suspended 

Solids 56.6 60.0 48.5-62.0 50.2-60.3 Acceptable 
Oil and Grease 9.9 10.0 3.51- 15.2 4.97- 13.8 Acceptable 
Total Cyanide 0.67 0.700 0.469 - 0.878 0.521-0.827 Acceptable 
Total Residual 

Chlorine 0.20 0.220 0.0828 - 0.333 0.116 - 0.300 Acceptable 
-

Demands 

COD 54.0 50.0 35.8-62.4 39.1- 59.1 Acceptable 
5-dayBOD 34.0 33.2 18.9- 47.4 22.5-43.9 Acceptable 

As a parallel to the EPA-NPDES Program, Mound also measures nonradioactive parameters in water 
in reference samples prepared by Analytical Products Group (APG) (Table 7-5). Two samples of 
different concentrations were analyzed for each parameter. The results are reponed in the number of 
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standard deviations from the average of all participating laboratories. Mound's highest number of • 
standard deviations was 1.18; all other numbers were below 0.65. Mound's close agreement with EPA 
and APG results demonstrates its ability to accurately measure these nonradioactive parameters in 
water. 

In addition to its external Quality Assurance Program, Mound has an internal Quality Assurance 
Program that consists of running blanks, internal standards, and duplicate samples. Analyzing blanks 
verifies the absence of excessive laboratory contamination or detector background. The standard 
deviation of the blank values is used to calculate the lower detection limits. This is important because 
many of the samples show contaminant concentrations at or below the lower detection limit. Analysis 
of duplicate samples and internal standards are performed to evaluate the precision of the analytical 
methods. Deviation from an expected value results in the review of the analytical process. 

Mound's internal Quality Assurance Program and the close agreement between Mound and external 
labs in the EML, EMSL-L V, EPA, and APG comparison exercises demonstrate that Mound generates 
reliable data during its routine monitoring programs. 

Table 7-5. Summary of Mound's Performance in the Analytical Products 
Group Proficiency Environmental Testing Program for 1990 

.. Number of Standard 
Parameter Measured Concentrations Deviations from 

in Water Measured (Average) the Average of all labs 

Trace Metals (JJ.g/L) 

Cadmium 14.8, 210.7 0.48, 0.30 
Chromium 33.6, 119.5 0.06, 0.06 
Copper 92.2, 154.5 1.18, 1.10 
Nickel 31.7, 147.0 0.61, 0.45 

Miscellaneous Parameters (mg/L) 

pH 8.7,·8.9 0.44, 0.50 
Total Suspended Solids 65.4, 280 0.46, 0.38 
Oil and Grease 6.0, 40.7 0.42, 0.57 
Cyanide 0.88, 4.4 0.26, 0.13 
Residual Chloride 0.13, 2.1 0.35, 0.38 

-
Demands 

BOD 127.1, 37.5 0.09, 0.32 
COD 204.3, 59.2 0.08, 0.10 
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APPENDIX 

I. Applicable Standards 

In conformance with the U.S. Depanment of Energy Order 5400.5, "General Environmental Protec
tion Program," environmental sample results and EPA modeling codes were used to estimate doses to 
compare with the DOE and EPA standards listed below. 

A. Radiation Standards for Protection of the Public in the Vicinity of DOE Facilities 

1. Dose Limits - All Pathways 

The committed effective dose equivalent for any member of the public from all routine DOE 
operations I (natural background and medical exposures excluded) shall not exceed the values given 
below: 

Occasional annual exposures3 

Prolonged period of exposure3 

Annual Committed Effective Dose 
Equivalent2 

500 

100 

CmSv) 

(5) 

(1) 

I Routine DOE operations means normal planned operations and does not include actual or potential, 
accidental or unplanned releases. 

2 Committed effective dose equivalent is expressed in rem (or millirem) with the corresponding value 
in Sieven (or milliSieven) in parentheses. 

3 For the purposes of these standards, a prolonged exposure is one that lasts, or is predicted to last, 
longer than 5 yr. 

No individual organ shall receive a committed effective dose equivalent of 5 rem/yr (0.5 mSv/yr) or 
greater. 

2. Dose Limits - Air Pathway Only 

(Limits of 40 CFR 61, Subpart H, 12115/89.) 

Committed effective Dose Equivalent 

3. Drinking Water 

mwn 
10 (0.1) 

As of June 24, 1977, community drinking water quality is regulated by the EPA National Interim 
Primary Drinking Water Regulations for Radionuclides. The standard for tritium is 20 x 1Q-6 ~Ci/mL 
(20,000 pCi/L). The other parameters are the combined radium-226 and radium-228 which is 5 pCi/ 
L, gross alpha (excluding radon and uranium) which is 15 pCi/L, strontium-90 which is 8 pCi/L, and 
gross beta which is 50 pCi/L. 
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4. Soil 

There are no guidelines established for radioactive species in soil. (The EPA has guidelines under 
consideration.) 

B. Water Quality Standards 

The Ohio EPA has issued a discharge pennit under NPDES regulations governing Mound's liquid 
effluent streams. This permit is for the period from October 1, 1985 to September 27, 1990. The 
discharge limitations for each effluent stream are as follows: 

Discharge 001-A 
EPA #601 

Residual chlorinea (mg.IL) 
BOD5 (mg.IL) 
Suspended solids (mg.IL) 
Fecal coliforma (n/100 mL) 
pH (s.u.) 

aMay 1 through October 31 

COD (mg.IL) 

Discharge 001-B 
EPA#602 

Suspended solids (mg.IL) 
Oil/grease (mg.IL) 
pH (s.u.) 

Discharge 001-C 
EPA #603 

Cyanide (mg/L) 
Chromium (J.Lg/L) 
Cadmium (JJ.g/L) 
Nickel (J.Lg/L) 
Copper (J.Lg/L) 
Total Toxic Organics 

(1/quarter) (J.Lg/L) 

A-2 

7-day 
Average 

0.5 
15. 
30. 

2000. 

Daily 
Limit 

6.5-9.0 
(daily limit) 

Monthly 
Average 

10. 
15. 

1000. 

Monthly 
Limit 

(Monitor only) 
45. 
10. 

6.5-9.0 

Daily 
Limit 

1.0 
500. 
100. 
500. 
500. 

2130. 

30. 

Monthly 
Limit 

0.65 
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Discharge 002 
EPA #002 

Suspended solids 
pH (s.u.) 

Daily 
Limit 

45. 
6.5-9.0 

Monthly 
Limit 

30. 

The Ohio EPA has established Water Quality Standards (37 45-1-01 - 37 45-1-09). The standards listed 
below are excerpted from these regulations. These standards are stream standards and apply to a stream 
beyond a suitable mixing zone permitted for discharges. They should not be compared with effluent 
concentrations. 

Constituent 

Dissolved Oxygen 
pH (pH units) 
Fecal coliform (N/100 mL) 
Dissolved solids 
Ammonia 
Arsenic 
Barium 
Cadmium 
Chloride 
Chromium (hexavalent) 
Cyanide (free) 
Fluoride 
Foaming agents (MBAS) 
Iron 
Lead 
Manganese 
Mercury 
Oil and grease 
Phenols 
Selenium 
Silver 
Copper 
Zinc 

a Dependent on CaC~ hardness. 

D. Committed Effective Dose Equivalent Calculations 

Average 
Concentration 

(mg!L) 

5.0 
6-9 

200 per 100 mL 
1500 

1.5 
0.05 
0.8 
0.005 

250 
0.5 
0.005 
1.3 
0.5 
1 
0.04 
1 
0.0005 
5 
0.01 
0.005 
0.001 

0.005 - 0.075a 
0.075- 0.5a 

The committed effective dose equivalents from both plutonium-238 and tritium oxide are calculated 
in a similar manner then summed forthe significant pathways. The result is one value which represents 
a weighted result which is compared to the DOE standard shown above . 

The technique in detail involves determining the concentration of the radionuclide through environ
mental monitoring then calculating the total committed effective dose equivalent by: 
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where 

DE= 

N 
I:= 
1 

Dp= 

N 

DE= L 
1 

total Committed Effective Dose Equivalent (dose integrated through 50 years from 
1 year of exposure) (mrem) 

sum of the different radionuclides 

sum of the different pathways - air, water, and foodstuff 

Average concentration of the radionuclide 

Annual intake of the environmental medium 

Dose factor for the particular radionuclide and type of intake 

Conversion factor to convert various units into units which can be used with DOE 
effective dose conversion factors 

Sources: International Commission of Radiological Protection 1975. Repon of the Task Group of 
Reference Man, ICRP Publication 23, Pergamon Press. 

Klement, Jr. A.W., ed. 1982. Handbook of Environmental Radiation, CRC Press, Boca 
Raton, FL. 

Department of Energy 1990. DOE Manual, "Radiation Protection to the Public and the 
Environment," DOE Order 5400.5. 

40 CFR 61, Subpart H, (1989). 
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• Foreword 

• 

• 

This report was prepared for the calendar year 1989 by the Environ
mental Section of the Administration Department at EG&G Mound 
Applied Technologies pursuant to DOE Order 5400.1. Sample analy
ses and data reduction were performed by the Environmental Assess
ment Group. Particulate samples offsite were collected by the Air 
Poilution Control Section of the Montgomery County Combined 
Health District, which acts as the Regional Air Pollution Control 
Agency in this area for the Ohio Environmental Protection Agency. 
All other sampling was performed by personnel in the Environmental 
Section . 
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Summary Assessment 
Environmental Compliance Activity 

Background 

Comprehensive Environmental Response. Compensation and Liabilitv Act CCERCLA) 

The Mound Plant, the U.S. Environmental Protection Agency (USEPA). and the Ohio 
Environmental Protection Agency (OEPA) are negotiating a Federal Facility Agreement 
(FFA). After extensive negotiations, it was determined that two separate agreements 
would be required: a CERCLA 120 agreement with the USEPA and a consent order with 
the OEPA. The USEPA has listed Mound for inclusion on the CERCLA National Priori
ties List. 

Clean Air Act 

Mound has five air quality permits from the OEPA and is in substantive compliance with 
permit limits. Mound is assessing all facilities to ensure that all release points have been 
identified and are permitted. 

Clean \Vater Act 

Mound has one site-wide· National Pollutant Discharge Elimination System permit from 
the OEPA governing two outfalls with four monitoring points. Over 700 effluent samples 
were analyzed for permit compliance in 1989. One quarterly ·and one weekly average 
limit were exceeded during the year. These minor exceptions were resolved with the 
OEPA. Further details can be found· in the Water -Nonradioactive section of this report. 

Resource Conservation and Recovery Act CRCRA) 

Mound has RCRA interim status on all of its treatment and storage facilities. There is no 
ongoing, onsite disposal. The RCRA Part B permit was submitted in November 1986 to 
USEPA Reg·ion V with copies to the State of Ohio. The State recently received RCRA 
authorization for hazardous and mixed waste after losing the base program on 
January 31, 1986. During the interim, the State claimed authority under State hazardous 
waste regulations. Activities on the permit have centered on the glass metter, a thermal 
treatment unit. A trial burn ·plan is in preparation by a subcontractor and the trial burn is 
expected to occur in 1990. Mound has received several RCRA inspections- from both the 
State and Region V with only minor findings. 

• 

• 

• 



• 

• 

• 

Current Issues and Actions 

Land Disposal Restrictions. RCRA 

In 1984. Congress amended the RCRA by scheduling restrictions on the storage and land 
disposal of hazardous wastes. Collectively. these restrictions are referred to as land disposal 
restrictions (LDRs). The Mound Plant is currently storing waste that is restricted. but. 

because it is mixed. cannot be shipped for disposal. ln June 1990. the USEPA grunted a 
two-year national capacity variance for mixed wastes. This variance was granted because 
there is inadequate treatment capacity for these wastes. All generators of mixed wastes are 
included in this variance. The inventory of mixed waste at Mound is primarily scintillation 

cocktail. 

Federal Facilit,· Agreement CFFA). CERCLA. RCRA 

CERCLA requires the USEPA to maintain a national priorities list (NPL). which prioritizes 
the need for remedial actions at sites where hazardous substances have been released. On 
November 21. 1989. the USEPA listed Mound on the NPL in the Federal Register. In antici
pation of that listing. Mound. the USEPA. and the OEPA began negotiations in February 
1lJ88 to write an FFA that addresses ho\\· Mound will comply with CERCLA requirements 
and coordinate CERCLA remedial actions \\·ith RCRA correcti,·e actions. The USEPA and 
DOE executed the FFA in August. 1990. The State of Ohio. USEPA. and DOE desire to 

modify the agreement to include the state as a party. Discussions are.continuing in this 

regard. A three party FFA would allow cleanup to proceed in a more efficient manner. The 
first deli,·erable under the agreement was submitted to both agencies on 
November 13. 1990 . 
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Introduction 
Mound is a government-owned facility 
operated by EG&G Mound Applied 
Technologies, Inc., for the U.S. Depart
ment of Energy (DOE). Occupying 
1.24 km2 (306 acres) of land in Miamis
burg, Ohio, the Mound facility is approxi
mately 16 km (10 mi) southwest of 
Dayton, Ohio. The predominant geo
graphical feature in the five-county region 
surrounding Mound is the Great Miami 
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The river valley is highly industrialized. 
The remainder of the region is predomi
nantly farmland, dotted with light industry 
and small communities. The locations 
and populations of these communities are 
shown in Figure 1. The population 
distribution surrounding Mound is shown 
in Figure 2. The primary agricultural 
activity in the area is raising field crops 
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Figure I - Offsite air sampling locations. 
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such as corn and soybeans. Approxi
mately 1 0% of the land in agricultural use 
is devoted to pasturing livestock l1 j. 

The climate in the area is considered 

moderate. Average annual precipitation is 
91 em (36 in.) and is evenly distributed 
throughout the year. Precipitation meas
ured at Mound in 1989 was 112 em 
(...J4 in.). Winds are predominantly from 
the southwest. The annual average wind 
speed measured at Mound for 1989 was 
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4.9 m/s (11 mi/hr). Figure 3 shows the 
wind rose for 1989. and Table 1 shows 
average wind speed and percent frequency 
for each of 16 wind directions. 

Mound is situated upon an Upper 
Ordovician horizon generally covered by a 
relatively thin layer of glacial till com
posed of silt, clay, and some fine gravel. 
The lower vallev is filled with a wedee of 

" -
glacial outwash between the upper tills 
and the bedrock. Core rock retrieved 
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Figure 3 - The relative frequency of winds from different 
directions from Mound. 
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Table 1 - PERCENT FREQUENCY OF WIND 
DIRECTION AND WIND SPEED FROM THE 

MOUND METEOROLOGICAL TOWER, . 
MIAMISBURG, OHIO, FOR 1989 

Average 
Speed 

Djrectjon percent !m/sl 

N 6.1 4.7 
NNE 7.0 4.4 
NE 7.5 4.1 
ENE 4.8 3.8 
E 3.9 3.6 
ESE 3.6 3.9 
SE 2.9 3.9 
SSE 3.7 4.1 
s 9.1 5.3 
ssw 13.4 5.9 
sw 1 1 .3 5.7 
WSW 5.4 4.8 
w 6.0 5.3 
WNW 5.7 5.4 
NW 5.0 4.5 
NNW 4.6 4.5 

Average 4.9 

Total relative frequency of calms distributed 
above is 1 .2%. 

from borings 
Group of the 
Strata below 

are from the Richmond 
Upper Ordovician period. 

the Upper Ordovician 
formations are mainly limestone forma
tions. and it is concluded that the 
basement rocks beneath the facility are 
Precambrian granite which begin 790 m 
(2.600 ft) below sea level. 

The geologic record preserved in the rocks 
underlying Mound indicates the area has 
been relatively stable since the beginning 
of the Paleozoic era, more than 
500.000,000 years ago. There is no 
evidence to indicate subsurface structural 
folding. significant stratigraphic thinning, 
or subsurface faulting in the Richmond 

beds, which are nearly horizontal. 
Further, there is no evidence of sub
Richmond structural displacement in the 
immediate surrounding area. Limestone 
strata which are interbedded with protec
tive shale layers at the site show no 
evidence of solution activity, and no 
evidence of solution cavities or cavern 
development has been observed in any 
borings or outcrops in the Miamisburg 
area. 

Groundwater conditions at Mound are 
variable due to the positions of different 
materials and their corresponding hydrau
lic properties. Bedrock, which underlies 
all but the first few feet of the hilltop and 
hillside areas, is virtually impermeable. 
Very small quantities of groundwater seep 
through joints and weathered cracks, 
although the rock itself is impervious. 
The upper 6 m (20 ft) of bedrock is the 
most permeable where chemical weather
ing allows enlargement of cracks. 
Permeability of the upper 6 m (20 ft) of 
bedrock is estimated to range from 40 to 
400 L!day/m2 ( 1 to 10 gpd/ft2). Below this 
depth, bedrock permeability generally 
ranges from 8 to 0 Llday/m2 (0.2 to 0.0 
gpd/ ft2). 

Hydraulic properties of the glacial till soils . 
which form a veneer over the entire site 
are variable and are dependent upon the 
relative proportions of fine-grained mate
rial to coarse-grained material at any 
given location. Values of permeability 
normally range from 0.0041 to 0.041 Ll 
day/m2 (0.0001 to 0.001 gpd/ft2), although 
values up to 2.8 Llday/m2 (0.07 gpd/f£2) 
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were measured in the uppc:r weathered 
zones. 

Below the glacial till in the lower valley 
area is a zone of glacial outwash 
composed of sand and gravel. The 
permeability of this zone is estimated to 
range from 40,700 to 81,000 Udayfmz 

( LOOO to 2,000 gpd/ftz). This horizon 
forms the eastern edge of the Buried 
Valley Aquifer and extends under the 
Great Miami River to the west. The three 
onsite wells draw water from this aquifer. 
This aquifer was designated a sole source 
aquifer by the U.S. Environmental Protec
tion (EPA) during 1989. Water levels 
under the facility are ultimately controlled 
by the level of the Great Miami River 
which has a nonflood level at el. 208 m 
(682 ft). 

In 1949, Mound began operations for 
the production of nuclear weapon 
components. Currently, its mission in
cludes (1) production, development, re-
search, engineering, and surveillance of 
components for DOE weapons programs; 
(2) separation, purification, and sale of 
stable isotopes; and (3) DOE programs in 
nuclear safeguards and waste manage
ment. heat source testing, and fusion fuel 
systems. The radionudides of primary 
concern that result from Mound's current 
or past operations are plutonium-238 
(Pu-238) and tritium (HT, HTO). 

Mound's compliance with regulations 
prescribed by DOE for the safety of its 
employees and the public has been 
demonstrated throughout the history of the 
facility. The fundamental objective of the 
Mound Environmental Control Program, 

10 

an ongoing program since Mound began 
operations, is the containment of radioac
tive discharges to levels well within the 
existing standards. Waste streams are 
monitored and controlled at each operat
ing step, resulting in no more than 
low-level releases of airborne or liquid 
wastes to the environment. Control 
techniques can be implemented because of 
early detection, thus ensuring that concen
trations are well within existing standards 
and follow the "as-low-as-reasonably
achievable" (ALARA) DOE guideline. 

The same objective - control to levels 
well within applicable standards - applies 
to nonradioactive discharges. This is 
achieved primarily by directing \vaste 
streams to the appropriate waste treatment 
system; e.g., sewage treatment plant, 

. solvent collection system, or filtration . 
ALARA guidelines are also maintained for 
nonradioactive discharges. 

Radionuclides . in · particulate form are 
removed. from process air effluents by 
high efficiency particulate air ( HEPA) 
filters. Air effluents are filtered first at 
their points of origin (i.e., gloveboxes) 
and then just before reaching the release 
point (i.e., the stack). The filtering system 
at the stack comprises two banks of HEPA 
filters in series, each bank . having a 
collection efficiency of 99.95%. Tritium is 
removed from waste gas- streams by 
chemical processing. Solid radioactive 
wastes are packaged and shipped offsite 
for burial at approved burial sites. Wastes 
generated in the processing of explosive 
materials are collected and disposed of 
according to the Defense Armament and 
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Research Command (DARCOM) Regula~ 
tion 385-100 and DOE/EV/06194-1. 

An onsite sanitary waste treatment plant 

provides secondary treatment. in accor~ 

dance with U.S. EPA requirements [ 2 J, 
using an activated sludge process operat
ing in the extended aeration mode. The 
waste treatment plant was upgraded in 
1986 to essentially tertiary treatment by 
the installation of a continuous backwash 
sand filter. All domestic sewage gener
ated onsite is treated in this facility. The 
influent and effluent at the sewage 
treatment plant are monitored for radioac
tivity to ensure no undetected discharge 
can occur to the environment via the 
sanitary sewage plant. All wastewater. 
after appropriate treatment, is discharged 
from the site to the Great Miami River. 
Digested sludge from the sewage plant is 
shipped .offsite as low specific activity 
(LSA) radioactive waste for burial at an 
approved burial site. 

Nonradioactive solid wastes are disposed 
of according to a recycling and reclama
tion program whenever possible. White 
paper. scrap metal, and wood are sold for 
reclamation. General refuse was trans
ported to a sanitary landfill site approved 
by both the state and county during 1989. 
Hazardous wastes are containerized, 
manifested, and moved offsite by a 
commercial-industrial waste disposal firm 
for treatment or disposal usmg EPA
approved procedures. 

As part of the Mound Environmental 
Pro~Zram monitorin~Z functions. air, water, - - . 
vegetation, foodstuffs. and sediment sam-
ples are collected from the environment at 

distances up to 64 km (40 mi) from 
Mound's boundaries. These samrles are 
then analyzed for the specific radio~ 

nuclides handled at Mound. A summary 
of the monitoring program is shown in 
Table 2. 

The results of the environmental analyses 
for 1989 are provided in this report. The 
primary purpose of the report is to derail 
what impact, if any, Mound's operations 
have had on the environment in 1989. 
Several terms that are used throughout 
this report are described below. The 
concentrations of various radionuclides 
reported here that result from Mound's 
operations are termed "incremental." The 
term "incremental" denotes a concentra~ 
tion value that exceeds normal environ~ 

mental levels of the same radionuclide. 
The "environmental level" is the back
ground or baseline concentration found in 
the environment at a distance from the 
plant where Mound operations would have 
no measurable ·impact. These locations 
are usually in a direction to which the 
wind is less frequent and at a distance 
where no impact would be measured. 
Environmental plutonium air concentra
tions and tritium drinking water concentra
tions were compared to concentrations 
reported for other Ohio cities by the EPA 
in a series of Environmental Radiation 
Data reports between October 1985 and 
December 1988. 

These environmental levels are subtracted 
from all onsite and offsite data except 
where noted. Some individual values may 
be negative and are included as such in 
averages. These values, if negative, are 
reported as the average environmental 
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Table 2 - MONITORING PROGRAM 

Air Surveillance 

Off site: 14 locations 
Onshe: 5 locations 
Stack Emission: 10 locations 

Water Survemance - Offsjte 

River: 5 locations 
5 locations 

Pond: 7 locations 
Municipal Drinking Water: 12 locations 

1 location 
Well Water: 7 locations 

4 locations 

Water Surveillance - Onsjte 

Effluent Water: 3 locations 

location 

Well Water: 3 locations 
3 locations 

Silt Surveillance - Offsite 

River: 5 locations 
Pond: 6 locations 

Vegetation and Foodstuff Surveillance 

Vegetation: 6 locations 
Foodstuffs: 6 locations 

Environmental Level Surveillance 

Five Mediums 
6 locations 

a HTO, HT - Tritium 
Pu 
u 
BODs 
coo 

12 

- Plutonium 
- Uranium 
- Five-day biochemical oxygen demand 
- Chemical oxygen demand 

Sampling 
Fregyency 

Weekly 
Weekly 
Daily 

Weekly 
Monthly 
Quarterly 
Monthly 
Monthly 
Monthly 
Quarterly 

Daily 

Semimonthly 

Quarterly 
Weekly 
Monthly 

Quarterly 
Quarterly 

Annually 
Annually 

Monthly. 
Quarterly, 
or Annually 

Parameter Measured a 

HTO, Pu. particulate 
HTO, Pu. particulate 
HT, HTO. Pu. U 

HTO 
Pu. U 
HTO. Pu, U 
HTO 
Pu 
HTO 
Pu. U 

Flow. suspended solids. 
BODs, fecal coliform, 
pH, oil and grease. COD, 
residual chlorine. dis
solved solids. HTO, Pu, U 
Cyanide. chromium. 
cadmium, nickel. copper 
Total toxic organics 
HTO 
Pu, U 

Pu 
Pu 

HTO, Pu 
HTO. Pu 

HTO. Pu. U 

• 
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level (e.l.). Environmental levels of 

r<Jdionuclicles in vanous media as 
measured during 1989 by Mound are 
shown in Table 3. 

The concentrations of radionuclides found 
in the environment are determined by 
subtracting the instrument background and 
reagent blanks from the sample count. 
This value was then used in averages. The 
incremental concentration was obtained by 
subtracting the environmental level 
(background concentration) from the 
concentration measured tn the various 
environmental media. 

The lower detection limit (LDL) is shown 
for each set of data in this report for 
comparative purposes and for single 
sample evaluation. The LDL is that value 
at which the presence of a contaminant, 
above that inherent in the detection 
method (including reagent blank) can be 
inferred to the 95% confidence level. It is 
calculated from the combined instrument 
and reagent blank background and their 
estimated standard deviation. 

The error estimates shown with each set of 
data are estimates of the standard error of 
the estimated mean at the 95% confidence 
level. These values include all sources of 
variability including sampling, analyses, 
counting statistics, and the propagated 
error involved when the environmental 
levels are subtracted from the actual data. 

Summary 

The local environment around Mound was 
monitored primarily for tritium and 
plutonium-238. The results are re
ported for 1989 in the Environmental 

Surveillance section. Environmental me
dia analyzed included air. water. vegetn
tion, foodstuffs, and sediment. 

The average concentrations of pluto
nium-238 and tritium were within the 
DOE air and water Derived Concentration 
Guides (DCG) for these radionuciides 131. 

The average incremental concentrations of 
plutonium-238 and tritium oxide in air 
measured at all offsite locations durin!:! 

1989 were I .1 x IO-ta J..LCi/mL and 9.0 x 

10-12 J..LCi/mL. respectively. These corre
spond to 0.004% and 0.009%. respec
tively, of the DOE DCGs for uncontrolled 
areas. Details of the applicable standards 
are given in the Appendix. 

The average incremental concentration of 
plutonium-238 measured at all locations 
in the Great Miami River during 1989 \vas 

1.6 x 10-12 J..LCi/mL, which is 0.004% of 
the DOE DCG. The average incremental 
concentration of tritium measured at all 
locations in the Great Miami River during 
1989 was at the environmental level. 

Radionuclide effluent data for 1989 are 
summarized in Table 4. 

The dose equivalent estimates for the 
average air. water, and foodstuff concen
trations indicate that the levels are OAc:-c 
of the DOE standard of 100 mrem [31. 
The air emission dose as calculated with 
the EPA AIRDOS model was approxi
mately 27% of the EPA air emission 
standard of 10 mrem. The collective dose 
calculated to 80 km for the total popula
tion as a result of Mound operations 
during 1989 was 11.5 person-rem. 
Background radiation would result in 

13 



• Table 3- ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES 
IN VARIOUS MEDIUMS IN 1989 

Plutonium-238 in air a = 0.04 ± 0.07 X 10-18 ).I.Ci/ml 

Tritium oxide in aira = 0.9 ± , .0 X 10-12 ).I.Ci/ml 

Plutonium-238 in river water b = 0.2 ± 3.3 X 10-12 ).I.Ci/ml 

Tritium in river waterb = 0.1 ± 0.1 X 1 o-6 ).I.Ci/ml 

Plutonium-238 in surface water c = 3.4 ± 11 .3 X 10-12 ).I.Ci/ml 

Tritium in surface water c · f = n.d. 

Plutonium-238 in well water d.g = 1.6 ± 2.6 X 10 -12 ).I.Ci/ml 

Tritium in well waterd.f = n.d. 

Uranium-233.234 in well water d.g = 0.1 ± 0.1 X 10-9 ).I.Ci/ml 

Uranium-233,234 in river water b = 0.7 ± 0.1 X 10-9 ).I.Ci/ml 

Uranium-238 in well waterd.g = 0.1 ± 0.1 X 10-9 ).I.Ci/ml 

Uranium-238 in river water b = 0.7 ± 0.1 X 1Q-9 ).I.Ci/ml 

Plutonium-238 in river silt b.f = n.d. 

Plutonium-238 in surface water silt b = 3.7 ± 4.7 X 10-9 J.I.Ci/g 

Tritium in grassc,f = n.d. • Tritium in tomatoes e • f = n.d. 

Plutonium-238 in grass c = 0.07 ± 0.1 X 10-9 ).I.Ci/g 

Plutonium:-238 in potatoes e.f = n.d. 

Plutonium-238 in fish e = 0.1 ± 0.3 X 10-9 ).I.Ci/g 

a Measured at offsite sampler 119. 

b Measured 32 km (20 mi) upstream on the Great Miami River. 

c Measured 61 km (38 mi) southeast of Mound. 

d Measured 58 km (36 mi) southeast of Mound. 

e Measured 64 km (40 mi) west of fv1ound. 

f (n.d.) environmental level cannot be detected above reagent blanks. 

g Average of .monthly values. 

Tritium in surface water LDL = 0.2 x 10 - 6 ).I.Ci/ml. 

Tritium in well water LDL = 0.2 nCi/L. 

Tritium in grass LDL = 0.1 x 10-6 ).I.Ci/g. 

Tritium in tomatoes LDL = 0.1 x 10-6 ).I.Ci/g. 

Plutonium-238 in river silt LDL = 1.3 x 10-9 ).I.Ci/g. 

Plutonium-238 in potatoes LDL = 0.04 x 10-9 ).I.Ci/g. • 
I~ 
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Table 4 - EFFLUENT DATA FOR 1989 

Bas:!iQD!.!~Iis:!~ M~s:!il.&m 

Tritium 
. a.b.c 

arr 
Tritium water 
Plutonium-238 air 
Plutonium-238 water 
Plutonium-239 air 
Plutonium-239 water 
Uranium-233. 234 air 
Uranium-233. 234 water 
Uranium-238 air 

aTritium oxide in air 

bEiemental tritium in air 

cTotal tritium in air 

Q!.!an1it~ 

4l.534 a.b.c 

5.7 Ci 
3.5 X 10 -S Ci 
1.4 X 10-3 Ci 
9.1 X 10-8 Ci 
2. 7 X 10-5 Ci 
2.4 X 10-8 Ci 
3.9 X 10-4 Ci 
3.3 X 10-8 Ci 

1, 794 Ci 

39.740 Ci 

41.534 Ci 

approximately 300 mrem per person or 
1 ,00{).000 person-rem for the area. 

Data for the emission of nonradioactive 
species into the atmosphere are also 

presented. All of these emissions were 
25% or less of the applicable air emissions 
standard. 

A National Pollutant Discharge Elimina
tion System (NPDES) permit regulates 
nonradioactive parameters in Mound's 
effluent water. The NPDES permit 
required the analysis of 729 samples 
collected from one offsite and four onsite 
locations during 1989. Two exceptions 
resulted from these measurements: bio
chemical oxygen demand (BOD) at 
discharge OOlA and total toxic organics 
(TIO) at discharge 001 C. Details 
concerning these exceptions are presented 
in the Water-Nonradioactive section. 
Both exceptions were minor and did not 
affect the ·water quality of the Great 
Miami River or its compliance with Ohio 
Stream Standards which are referenced in 
the Appendix. 
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Environmental Surveillance 
Quality Assurance 

An essential part of Mound's Quality 
Assurance Program is the analysis of 
reference samples from reliable outside 
laboratories. During 1989, Mound ana
lyzed reference samples from DOE's 
Environmental Measurements Laboratory 
(EML). from the U.S. Environmental 
Protection Agency (EPA), and from a 
private laboratory, Analytical Products 
Group, inc. (APG). The EML samples 

contained trace radionuclides in air filters . 
water, soil, and vegetation. The EPA and 
APG samples contained nonradioactive 
contaminants in water. 

Tables 5 and 6 give Mound results for 
which Mound makes environmental meas
urements and compares these results with 
the EML results [4,5]; data are given for 
the two sets of samples from the 1989 
DOE Quality Assessment Program. 
Two-thirds of Mound's results agree with 
the reference EML results to within 20%. 

Table 5 - MOUND DOE QUALITY ASSESSMENT PROGRAM RESULTS 

Sample 
Type a 

Air 

Soil 

Vegetation 

Water 

Isotope 

Pu-239 
U-234 
U-238 

U-234 
U-238 

Pu-239 

H-3 
Pu-239 
U-234 e 
U-238 e 

RADIONUCLIDES IN ENVIRONMENTAL SAMPLES 
(APRIL 1989 _SAMPLES) 

Mound EML Reference 
Concentration Concentration 

(pCil!g or ml))b.c !pCjl(q or mll)d 

0.25 ± 12% 0.27 ± 9% 
. 0.13 ± 15% 0.09 ± 5% 
0.084 ± 14% 0.09 ± 5% 

0.54 ± 37% 0.73 ± 6% 
0.53 ± 94% 0.74 ± 14% 

0.02 ± 10% 0.022 ± 10% 

5.53 ± 3% 6.31 ± 7% 
0.007 ± 14% 0.0059 ± 5% 
0.0041 ± 15% 0.0045 ± 6% 
0.0045 ± 14% 0.0044 ± 60' ,o 

a 
All samples were labeled 8904. 

Ratio 
Mound Concentration 
to EML Concentration 

0.93 ± 0.14 
1.44 ± 0.23 
0.93 ± 0.14 

0.74 ± 0.28 
0.72 ± 0.68 

0.91 ± 0.13 

0.88 ± 0.07 
1.19 ± 0.18 
0.91 ± 0.07 
1.02 ± 0.07 

bun its are pCitsample for air filters. pCi/mL for water, and pCi/g for soil and vegetation. 

· cThe Mound error is the two sigma error based on counting statistics or based on replicate 
analyses. 

dThe EML error is the standard error of the mean. 

eMound's values were originally reported incorrectly: values were low. It was discovered later 
(before the EML results were published) that the value for the tracer used in the analysis was 
incorrect. The numbers here represent the measured values using the correct tracer value . 
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Table 6 - MOUND DOE QUALITY ASSESSMENT PROGRAM RESULTS 
RADIONUCLIDES IN ENVIRONMENTAL SAMPLES 

(SEPTEMBER 1989 SAMPLES) 

Mound EML Reference Ratio 
Sample Concentration Concentration Mound Concentration 
Type a Isotope CBqUkg or L)) b. c (8gl(kg or Lll d to EML Concentration 

Air Pu-239 0.016 ± 12% 0.018 ± 2% 0.89 ± 0.11 
U-234 0.009 ± 11 o/o 0.009 ± 4% 1.00 ± 0.12 
U-238 0.008 ± 12% 0.009 ± 2% 0.89 ± 0.11 

Vegetation Pu-239 0.09 ± 33% 0.075 ± 10% 1 .20 ± 0.41 

Water H-3 350 ± 2% 395 ± 2% 0.89 ± 0.03 
Pu-239 0.25 ± 4% 0.35 ± 1% 0.71 ± 0.03 
U-234 '0.15 ± 6% 0.167 ± 2% 0.90 ± 0.06 
U-238 0.14 ± 7% 0.167 ± 2% 0.84 ± 0.06 

a All samples were labeled 8909. 

bun its are Bq/ sample for air filters. Bq/L for water. and Bq/kg for soil and vegetation. 

cThe Mound error is the two sigma error based on counting statistics or based on replicate 
analyses . 

dThe EML error is the standard error of the mean. 

In Table 5, the uranium in soil values are 
low, but they are within experimental 
errors of the measured and reference 
values. The uranium-234 in the April 
1989 air sample is high compared to the 
EML value, although the uranium-238 · 
result is .within 7%. This suggests an error 
associated with counting rather than 
chemical .separation. In Table 6, Mound's 
plutonium in water value is about 30% 
below the reference value. However, the 
average plutonium in water value of 25 
laboratories participating in the study was 
also about 30% below the reference value. 
This indicates that there may be a problem 
with this particular sample rather than the 
analysis. 

Mound results for the 1989 EPA-NPDES 
Quality Assurance Program for the 
determination of nonradioactive parame
ters in water are compared to the EPA 
values in Table 7. All eleven of the 
measured parameters were within the 
acceptance limits set by the EPA. The 
Mound result for total suspended solids 
was outside the warning limits and the 
"performance evaluation·· indicated 
"check for error." The result was checked 
to determine whether an error had been 
made, but none was found. Looking at 
past results on total suspended solids, it is 
believed that Mound's result is within the 
normally expected range. The agreement 
between the Mound and the EPA results 
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Table 7- 1989 MOUND EPA-NPDES QUALITY ASSURANCE PROGRAM RESULTS FOR 
THE DETERMINATION OF NONRADIOACTIVE PARAMETERS IN WATER 

Mound EPA Acceptance Warning Performance 
parameters Value a YID.wl Limits Limits Eya!uatjon 

Trace Metals (uqfl) 

Cadmium 

Chromium 

Copper 

Nickel 

86.0 

599 

821 

371 

85.1 

600 

820 

370 

74.1 - 100 

485 - 703 

753 - 893 

319 - 419 

77.4 - 97.0 Acceptable 

512 - 676 Acceptable 

770 - 876 Acceptable 

331 - 407 Acceptable 

Miscellaneous Parameters 

pH 5.82 5.8 5.66- 5.91 5.69 - 5.88 Acceptable 

Total Suspended 33.3 29.7 24.2 - 33.3 25.3 - 32.2 Check for error 
Solids (mg/L) 

. Oil and Grease 11.7 12.0 6.32 - 16.4 7.57 - 15.1 Acceptable 
(mg/L) 

Total Cyanide 0.91 0.89 0.56 - 1.14 0.64 - 1.07 Acceptable 
(mg/L) 

Total Residual 0.70 0.70 0.44- 0.93 0.50 - 0.86 Acceptable 
Chlorine (mg/L) 

Demands !mg/Ll 

COD 32 28.5 19.7 - 44.0 22.7 - 40.9 Acceptable 

5-Day BOD 24.0 18.6 13.1 - 30.9 15.3 - 28.7 Acceptable 

aStandard deviations (precision) ot Mound's values are generally 10% or less; for BOD. the 
standard deviation is closer to ±30%. 

indicates that Mound is highly capable of 
measuring these nonradioactive parame
ters in water. 

Another part of Mound's Quality Assur

ance Program in the measurement of 
nonradioactive parameters in water in

volves the analysis of reference samples 
prepared by Analytical Products Group, 

IS 

Inc. (APG). Mound analyzed two sets of 

these APG samples in 1989, and these 
results are summarized in 'l:able 8. The 

difference between the Mound value and 

the APG reference value is expressed in 

the APG reports as the number of 
standard deviations of the Mound value 

from the average determined for all 

participating laboratories. 
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Table 8- SUMMARY OF MOUND'S PERFORMANCE IN THE ANALYTICAL PRODUCTS 
GROUP PROFICIENCY ENVIRONMENTAL TESTING PROGRAM FOR 1989 

Parameter Measured 
jn Water 

Parameter Range 
Measured 

Range of Observed 
Number of Standard 

Deviations from 
the Average 

Biochemical Oxygen Demand 

Chemical Oxygen Demand 

Total Suspended Solids 

Oil and Grease 

22.1 -187 mg/L 

33.9 - 301 mg/L 

47.5 - 316 mg/L 

10.7 - 44.1 mg/L 

0.1 - 0.6 

0.1 - 1.6 

0.5 - 1.6 

0.3- 0.7 

pH 

Cyanide 

5. 72 - 9.49 0.1 - 0.9 

0.1 - 0.6 

0.2 - 0.4 

0.1 - 0.4 

Residual Chlorine 

Cadmium 

0.17 - 4. 75 mg/L 

0.64 - 6.57 mg/L 

1 7. 6 - 115 mg/L 

Chromium 

Copper 

Nickel 

41.7-251 mg/L 

31.6 - 2~7 mg/L 

20 - 208 mg/L 

0.1 - 0.5 

0.1 - 0.3 

0.1 - 0. 7 

As seen in Table 8, the greatest observed 
number of standard deviations from the 
average was only 1.6. The "EPA Warning 
Limits" are 1.96 standard deviations from. 
the average and "EPA Acceptance Limits" 
are 2.58 standard deviations from the 
average. Thus, all 44 of Mound's 1989 
APG results are acceptable. 

Another essential part of Mound's Quality 
Assurance Program is the determination 
of "blank values." A "blank value" is a 
measurement result for a contaminant 
determined by carrying out the chemical 
analysis procedure without a true sample, 
but rather using deionized water, a clean 
filter paper, or only the reagents used in 

the analysis. Analysis of "blanks''. is 
essential because many of the samples 
analyzed show contaminant concentrations 
at or below the lower detection limit of the 
analytical method being used. Analyzing 
"blanks" is essential in verifying the 
absence of excessive laboratory contami
nation or detector background. Also, the 
standard deviation of the "blank values·· is 
used to calculate lower detection limits. 
which are g1ven with - each set of 
environmental data in this report. 

In addition, internal standards and dupli
cate samples are analyzed with sets of 
environmental samples. Including these 
standards and duplicates, along with the 
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blanks that are analyzed, approximately. 
2001(' of all samples analyzed are "quality 
control" related. 

Other aspects of Mound's Environmental 
Section quality control program have been 
documented in a quality control manual 

20 

(6J. In summary, along with a formal 
quality control program, the agreement 
between Mound measured concentrations 
and reference values of EML, the EPA, or 
APG, indicates good reliability of the data 
generated in the routine environmental 
monitoring program. 
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Air - Radioactive 
Srrtcks rhar release radioactive marerials at 
Mound are sampled continuously, and 
stacks that release radioactive materials in 
more than insignificant quantities are also 
monitored continuously with alarm sys

tems. 

In tritium areas where a significant release 
potential exists, air in laboratories. storage 
areas, and ventilation exhaust stacks 
serving these areas is continuously moni
tored for tritium by ionization chambers 
that incorporate alarm systems. These 
alarms are designed for location of a 
source of a release if it occurs. Either an 
effluent removal system or an effluent 
containment system is available for most 
situations to remove or contain tritium 
from the exhaust to prevent or reduce the 
release of tritium to the atmosphere . 

In plutonium areas where a significant 
release potential exists, ventilation air is. 
passed through a minimum of two high 
efficiency particulate air (HEPA) filters 
prior to discharge through the stack to the 
atmosphere. Fixed continuous air sam
plers and continuous air monitors with 
alarm systems are used throughout the 
work areas to detect airborne plutonium. 
The overall monitoring systems are 
designed to ensure that air effluents to the 
environment are monitored so that correc
tive action can be taken to prevent or 
reduce the release of plutonium to the 
atmosphere. The quantities of pluto
nium-238 and tritium discharged to the 
atmosphere during 1989 were 3.5 x 

10--<> Ci and 41.534 Ci, respectively. 

The offsite air-sampling network con
sisted of 15 continuously operating 

air-sampling stations used for sampling 
both tritium oxide and plutonium. Ten 

. sampling stations are located within a 
1.6 km (one mile) radius of Mound. 
These samplers are located at approxi
mately the predicted maximum concentra
tion based on a diffusion model developed 
for Mound Pl- They are distributed 
circumferentially around the site with a 
preponderance in the prevailing wind 
direction: i.e., the northeast quadrant. 
Four samplers. are located in or adjacent 
to population centers. The remammg 
sampler (#119) is approximately 44.8 km 
(28 mi) from Mound in the least prevail
ing wind direction. This sampler receives 
no measurable contribution from Mound 
operations and serves as a baseline 
sample for computing background envi
ronmental levels. 

The radionuclide concemrations from 
sampler #119 are subtracted from concen
trations detected at other locations. The 
locations of the sampling stations are 
shown in Figure 1. 

Two types of samples are collected at each 
sampling station. One is a particulate air 
sample for plutonium-238 analysis. and 
the other. from a bubbler-type sampler. is 
for tritium oxide analysis. The particulate 
sample is collected on a 200-mm diameter 
fiberglass disk by a continuously operating 
(24 hr/day, 7 days/week) high-volume air 
sampler. 

The air is sampled at an average rate of 
1.3 x 1Qs em/min ( 45 ft3/min). The disk 
is changed weekly and represents a 
sample of approximately 13,000 mJ of air. 

Individual sample flow rates are used to 
calculate concentrations at each location. 
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Plutonium-238 analyses were performed 
on a monthly composite for three 
sampling locations (#122, #123, and 
# 124), and on quarterly composites· for the 

other offsite locations. 

The analytical scheme for plutonium-238 
incorporates the following basic steps: 
use of an internal tracer, chemical 
treatment, separation of plutonium with 
anion exchange resin. and alpha spec
trometry. 

The average incremental offsite pluto
nium-238 air concentration for all loca

tions was 1.1 x 10-18 J.!Ci/mL, which is 
0.004% of the DOE DCG. The analytical 
results are summarized in Table 9. 

Table 10 shows concentrations of pluto
nium-239 ,240 and plutonium-238, includ
ing environmental levels for the sake of 
completeness. The primary reason for 
reporting these ·data in this manner is to 
illustrate the comparison of pluto
nium-238 to plutonium-239 and to show, 
over time, that the major contributor of 
plutonium-239 was nuclear weapons 
testing. 

The gas bubbler sample is also collected 
on a continuous basis bv bubbline air at . -
approximate tv 3 x 103 cmJ/min throueh - ~ 

200 mL of ethylene glycol. . Ethylene 
glycol is used because this material 
eliminates evaporation and freezing prob
lems associated with sample collection 
181. Tritium (oxide) in the air is collected 
in the solution. Tritium oxide rather than 
elemental tritium is sampled and analyzed 
because about half of the tritium emission 
is in the oxide form, and the Derived Air 
Concentration is much more restncttve 
(25,000 times) than it is for elemental 
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tritium [91. A sample representing 30 mJ 
of air is collected, and an aliquot 
representing 0.6 mJ is counted in a liquid 
scintillation spectrometer. The average 
incremental concentration of tritium oxide 
measured during 1989 for all offsite 
locations, not including the environmental 

·level found at sampler #119, was 9.0 x 

10-12 llCi/mL. This concentration is 
0.009% of the DOE DCG. The results are 
summarized in Table 11. Environmental 
levels for plutonium-238 and tritium in air 
as measured at sampler #119 are shown in 
Table 3. These environmental levels of 
plutonium-238 and tritium in air are 
subtracted from the sample data. 

An onsite perimeter network consisting of 
five continuous, high-volume air samplers 
is used to further assess the effectiveness 
of stack emission control systems. The 
onsite sampling locations are shown in 
Figure 4. Particulate samples and tritium 
samples are collected by the onsite 
samplers at approximately the same flow· 
rate as the offsite samplers and· are 
analyzed. in the same manner. 

The average incremental. plutonium-238 
concentration measured for all locations 

onsite is 18 x 10-18 11Ci/mL, which is 
0.06% of the DOE DCG. The results are 
summarized in Table 12. Table 13 
presents onsite concentrations of pluto
nium-239,240, and plutonium-238, in
cluding environmental levels. for -the sake 
of completeness. 

The average incremental onsite tritium 
oxide concentration for all locations was 

26 x 10-12 11Ci/mL, which is 0.03% of the 
DOE DCG. The results are summarized 
in Table 14. 

• 
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Table 9- INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1989 

Number Plutonium-238 
of (1 Q-18 u.Cilmb} Percent ofd 

Location Samples Minimum8 Maximum a Average a.b.c DOE DCG 

101 4 0.2 0.7 0.5 ± 0.4 0.002 

102 4 0.9 2.5 1.6 ± 1.1 0.005 

103 4 0.8 2.3 1.6 ± 1.0 0.005 

104 4 0.2 1 .0 0.7 ± 0.6 0.002 

105 4 0.2 1.5 0.5 ± 1.1 0.002 

108 4 e.l. 0.1 e.l. 

110 4 e.l. 0.2 e.l. 

111 4 0.1 0.5 0.2 ± 0.3 0.0007 

112 4 e.l. 0.3 0.2 ± 0.2 0.0007 

115 4 e.l. 0.1 e.l. 

118 4 0.1 1.0 0.6 ± 0.6 0.002 

122 12 0.6 8.3 2.4 ± 1.5 0.008 

123 12 1.0 8.1 3.8 ± 1 .4 0.01 

124 12 1.3 7.8 3.9 ± 1 .5 0.01 

a Average environmental level (e.l.) found in Table 3 is subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

c Lower detection limit (LDL) for monthly values of plutonium-238 in air is 0.3 x 10-18 JJ.CitmL; 
for quarterly values. 0.1 x 10-18 JJ.Ci/ml. 

dDOE DCG for plutonium-238 in air is 30.000 x 10-18 JJ.Ci/ml. 
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Table 10- CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 

LEVELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1989 

Number Plutonium-239. 240 Plutonium-238 
of (1Q- 18 u,~i/mbl (1 Q -15 u,~i/m!,.l 

Location Samcles Minimum a Maxjmum Average b,c Average b.c 

101 4 n.d. 0.2 0.09 ± 0.1 0.5 ± 0.4 

102 4 n.d. 0.3 0.1 ± 0.2 1 .6 ± 1 . 1 

103 4 0.03 0.2 0.1 ± 0.1 1. 7 ± 1.0 

104 4 n.d. 0.1 0.08 ± 0.1 0.7 ± 0.6 

105 4 n.d. 0.3 0.1 ± 0.2 0.6 ± 1 . 1 

108 4 0.08 0.1 0.09 .± 0.03 n.d. 

110 4 n.d. 0.1 0.03 ± 0.09 0.02 .± 0.3 

111 4 0.04 1.0 0.3 ± 0.7 0.3 ± 0.3 • . 112 4 0.05 0.3 0.1 ± 0.2 0.2 ± 0.2 

1 15 4 0.05 0.2 0.1 .± 0.07 0.04 ± 0.1 

118 4 n.d. 0.3 0.1 .± 0.2 0.6 .± 0.6 

119 4 0.1 0.1 0.1 ± 0.01 0.04 .± 0.1 

122 12 n.d .. 0.7 0.2 .± 0.2 2.4 ± 1.5 

123 12 n.d. 0.3 0.04 .± 0.2 3.8 .± 1.4 

124 12 n.d. 1.2 0.08 .± 0.3 3.9 ± 1.5 

aThe (n.d.) indicates that the values cannot be detected above. the reagent blanks. 

bError limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

Clower detection limit (LDL) for monthly values of plutonium-238 in air is 0.3 x 10.:-18 ~J.Ci/mL: 

for quarterly values, 0.1 x 10-18 ~J.Ci/ml. Lower detection limit (LDL) tor monthly values of pluto-
nium-239,240 in air is 0.1 x 10-18 ~J.Citml: for quarterly values, 0.03 x 10-15 ~J.Ci/ml. 
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Location 

101 

102 

103 

104 

105 

108 

, 10 

111 

112 

115 

118 

122 

123 

124 

Table 11 -INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1989 

Number Tritium Oxide 
of (1Q-'2 u,~ilm!.} 

Samples Minimum a Maximum a Average a.b,c 

53 e.f. 36 13 ± 3 

52 e.l. 106 19 ± 6 

51 e.J. 47 12 ± 3 

53 e.l. 37 10 ± 3 

52 e.l. 32 6 ± 2 

52 e.l. 14 2 ± 

52 e.l. 13 2 ± 

53 e.l. 19 2 ± 2 

53 e.l. 204 10 ± 8 

53 e.f. 22 2 ± 2 

53 e.l. 22 6 ± 2 

53 e.l. 68 12 ± 4 

53 e.l. . 79 17 ± 5 

53 e.l. 51 14 ± 3 

a Average environmental level (e. I.) found in Table 3 is subtracted from the data. 

Percent ofd 
DOE DCG 

0.01 

0.02 

0.01 

0.01 

0.006 

0.002 

0.002 

0.002 

0.01 

0.002 

0.006 

0.01 

0.02 

0.01 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

Clower detection limit (LDL) for tritium oxide in air is 29 x 10-12 f..LCi/ml. 

dDOE DCG tor tritium oxide in air is 100,000 x 10-'2 J,LCi/mL. 
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Table 12- INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1989 

Number Plutonium-238 
of pg-18 u.CIImb,} Percent ofd 

Location Samples Minimums Maximum a Average a.b,c DOE DCG 

211 12 2 107 23 ± 18 0.08 

212 12 e.l. 8 3 ± 2 0.01 

213 12 12 263 46 ± 44 0.15 

214 12 3 57 15 ± 10 0.05 

215 12 15 4 ± 3 0.01 

a Average environmental level (e. I.) found in Table 3 is subtracted from the data. 

b Error .limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

Clower detection limit (LDL) for plutonium-238 in air is 0.3 x 10-18 J..LCi/ml. 

dDOE DCG for plutonium-238 in air is 30.000 x 10-18 J..LCi/ml . 

Table 13- CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN·1989 

Number · Plutonium-239, 240 Plutonium-238 
of {1Q- 18 u.Cilm!..l {lQ-18 u.Citm!..l 

Location Samples Minimum a ·Maximum Average b.c Average b.c 

21 1 12 n.d. 1 . 1 0.3 ± 0.3 23 ± 18 

212 12 n.d. 1.2 0.2 ± 0.3 3 ± 2 

213 12 n.d. 2.9 0.6 ± 0.5 46 ± 44 

214 12 n.d. 2.8 0.4 ± 0.5 15 ± 10 

215 12 n.d. 0.5 0.1 ± 0.2 4 ± '3 

aThe (n.d.) indicates that the values cannot be detected above the reagent blanks. 

bError limits are estimates of the standard error of the estimated means at the 95% confidence 
level . 

Clower detection limit (LDL) for monthly values of plutonium-238 in air is 0.3 x 10-18 JJ.Ci/ml. 
Lower detection limit (LDL) for monthly values of plutonium-239.240 in air is 0.1 x 10-18 J..LCi/ml. 
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Table 14- INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1989 

Number Tritium Oxide 
of (1Q- 12 u.Cilm!.l Percent ofd 

Location Samples Mjnjmyma Maxjmyma Average a, b, c DOE DCG 

211 50 0.2 179 25 ± 11 0.03 

212 50 e.l. 173 28 ± 9 0.03 

213 51 8 138 31 ± 7 0.03 

214 50 98 24 ± 6 0.02 

215 51 e.J. 83 22 ± 6 0.02 

a Average environmental level (e.l.) found in Table 3 is subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

c Lower detection limit (LDL) for tritium oxide in air is 29 x 1 Q-12 11Ci/ml. 

dDOE DCG for tritium oxide in air is 100,000 x 10-12 J.I.Cilml. 
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Air - Nonradioactive 

The primary source of nonradioactive 
airborne emissions is the Mound steam 
power plant. This plant is normallv fueled 

with natural gas, but can burn fuel oil. 

Fuel oil with 1% sulfur content is burned 

during unusually cold weather if the 
natural gas supply to Mound is inter
rupted. Approximately 129,000 liters 

(34.000 gal) of fuel oil were burned during 

1989. 

Additional sources of airborne emtsstons 
are as follows. A paint spray booth is 
operated intermittently in the Mound paint 
shop. Wastes from operations involving 

explosives are disposed of by open 
burning under a permit issued by the 
Regional Air Pollution Control Agency 
( RA.PCA). Fire-fighter training exercises 
are held at an open outdoor facility under 
a burning permit issued by RAPCA. 

Emissions from sources and the applicable 
emission standards are summarized in 

Table 15. The emissions were estimated 
from emission factors .established by the 

U.S. EPA llOj. Emission factors allow 
calculation of emissions based on quantity 

of material used or consumed. Non

radioactive airborne emissions at l'vlound 
were all within applicable standards and 

had minimal impact on ambient air 
quality. This is further demonstrated bv 

the particulate concentration data summa
rized in Tables 16 and 17. 

The data presented are weekly particulate 
concentrations measured at Mound's 
offsite and onsite air-sampling sires 
(Figures 1 and 4). The particulate concen
tration at onsite locations is generally 
within the range of the offsite locations. 

The particulate concentration also appears 
to be independent of distance from 
Mound. This would suggest no influence 
from Mound operations. The State of 
Ohio - Ambient Quality Standard for 

· airborne particulates is given in Table 16 
for comparison. 

Table 15 - NONRADIOACTIVE AIRBORNE EMISSIONS - 1989 

Emission Emission %of 
Source Pollutant Emission Standard a Sts:~nd5:1rd 

Powerhouse Particulates 0. 005 lb/ 1 06 Btu Input 0.02 lb/106 Btu 25 
Powerhouse Sulfur Oxides 0.003 lb/ 1 os Btu Input 1.6 lb/106 Btu 0.2 
Paint Shop Organics 3.5 lb/day 40 lb/day 9 
Explosives Burning Particulates 2.3 lb NA NA 
Fire Fighter Training Particulates 91 lb NA NA 

aOhio EPA Air Pollution Regulations 3745-17-10. 3745-18-06. and 3745-21-07. 

NA - Not applicable . 
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Table 16 - 1989 PARTICULATE CONCENTRATIONS OFFSITE 

Annual a.b 

Number Particulates 8 Arithmetic 
of !u.gtm3l Average 

Location Samples Minimum Maximum (ug/m3} 

101 53 27 101 55± 4 

102 53 18 66 38± 3 

103 53 17 57 33 ± 3 

104 53 19 61 34± 3 

105 52 18 87 38± 4 

108 53 24 88 44± 3 

110 53 14 60 33 ± 3 

111 52 21 174 55± 8 

112 53 17 57 30± 2 

115 53 7 100 41 ± 5 

118 53 7 98 37 ± 4 

119 52 7 91 35± 4 

122 53 17 67 33 ± 3 

123 52 19 79 41 ± 4 

124 53 17 66 37 ± 3 

a Ohio Ambient Air Quality Standard = 60 J.Lg/m3 (annual geometric mean). 

bError limits are estimates of the standard error of the estimated means at 
the 95% confidence level. 

These data are obtained by the Mound air monitoring program and are indica
tive only of the particulate air loading of the Dayton metropolitan area. Mound 
particulate discharges presented in Table 14 make a negligible contribution to 
the surrounding area. Table 17 presents onsite particulate data. 

In addition. since the Ohio Ambient Air Quality Standard is not based on con
tinuous sampling, a direct comparison to the standard is not appropriate. The 
arithmetic average is used tor Mound's data. which will give a higher value 
than the geometric mean technique. 

• 

• 
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Table 17- 1989 PARTICULATE CONCENTRATIONS ONSITE 

Annual a 
Number Particulates Arithmetic 

of (II g/!]]3) Average 
Location Samoles Minj!J]U!Jl Maxjmym 1 ugfm3) 

211 52 18 73 38± 4 

212 52 13 52 30± 3 

213 52 30 121 54± 6 

214 52 16 67 34± 3 

215 53 12 56 28± 3 

aError limits are estimates of the standard error of the estimated means at 
the 95% confidence level . 
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Water.- Radioactive 

Water sampling locations along the banks 

of the Great Miami River were selected 

according to guidelines recommended by 

the U.S. EPA 1111. The locations, shown 
in Figure 5, provide samples that are 
representative of river water after consid
erable mixing of the effluent from Mound 
has occurred. Water samples are collected 
at these locations monthly and weekly and 
are subjected to specific analyses for 
plutonium-238 and tritium, respectively. 

Water samples are collected and analyzed 
for plutonium-238 on a monthly basis. 
The average incremental concentration of 
plutonium-238 measured for all locations 
in the Great Miami River was 1.6 x 

10-12 llCi/mL. which is 0.004% of the 
DOE DCG. These results are summarized 

in Table 18. 

Weekly samples are analyzed for tritium. 
The average incremental concentration of 
tritium measured at all locations in the 
Great Miami River was at the environ
mental level. These results are summa
rized in table 19. 

Uranium-233, 234, and 238 were also 
monitored at the river water sampling 
locations during 1989. The average 

incremental concentration of ura

nium-233.234 was 0.02 x 10-9 llCi/mL, 
which is 0.004% of the DOE DCG. The 
average incremental concentration for 

uranium-238 was 0.0008 x 10-9 J..1Ci/mL, 
which is 0.0001% of the DOE DCG. ln 
addition, as shown in Table 20, the ratio 
of uranium-233.234 to uranium-238 is 
slightly greater than unity, which is in 
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range of background ratios reported 1121. 
This is expected as a result 0f secular 
equilibrium and indicates that the uranium 

is naturally occurring. 

The total discharges to the Great Miami 
River during 1989 consisted of 1 A x 

10-3 Ci of plutonium-238, 5. 7 Ci of 

tritium, 3.9 x 10- Ci of uranium-233, 

234, and 2.7 x 10-5 Ci of plutonium-239. 
The average concentrations of these 
materials in the discharge system \Vere: 

plutonium-238, ·1.4 x 10-9 llCi/mL: trit

ium, 5.6 x 10~ llCi/mL; uranium-233. 

234, 3.8 x l0-1o llCi/mL; and pluto

nium-239, 2.6 x 10-11 llCi/mL. The 
percentages of DOE DCG for these 
concentrations were plutonium-238, 3.5~: 
tritium, 0.3%; uranium-233.234. 0.08S·c; 
and plutonium-239, 0.09%. 

Seven additional surface water locations. 
such as ponds, in all quadrants surround
ing Mound as shown in Figure 5 are 
sampled quarterly for plutonium and 
tritium analyses. The average concentra-
tions of plutonium-238 and tritium for all 

locations were 0.6 x 10-12 llCi/mL and 

0.08 x 10~ )..lCi/mL, respectively. which 
are 0.002% and 0.004%, respectively. of 

the DOE DCG. The results of the surface 
water samples are summarized in Tables 
2 l and 22. Environmental levels (Table 3) 

have been subtracted from the concentra-
tion of plutonium and tritium in \Vater. 

Drinking water from communities in the 
surrounding area is sampled and analyzed 
monthly for tritium. These communities 
and their relative locations are shown in 

• 

• 

Figure 1. The average concentration of . 

tritium for all locations was 0.08 nCi/L • 
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Location 

2 

3 

4 

5 

Table 18 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN THE GREAT MIAMI RIVER IN 1989 

Number Plutonium-238 
of (1Q-12 u.~ilmb} 

Samples Mjnimuma Maximyma Average a, b. c 

12 e.l. 5.0 0.4 ± 4.0 

12 e.l. 11 . 1 2.6 ± 3.9 

12 e.l. 7.7 1.4±3.7 

12 e.l. 6.6 2.5 ± 4.0 

12 e.l. 8.6 1.3±4.1 

a Average environmental level (e. I.) found in Table 3 is subtracted from the data. 

Percent ofd 
DOE DCG 

0.001 

0.007 

0.004 

0.006 

0.003 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

Clower detection limit (LDL) for plutonium-238 in water is 4.4 x 10-12 J.LCitml. 

dDOE DCG for plutonium-238 in water is 40,000 x 10-12 J.LCi/mL. 

Location 

2 

3 

4 

5 

Table 19- INCREMENTAL CONCENTRATIONS OF TRITIUM 
IN THE GREAT MIAMI RIVER IN 1989 

Number Tritium 
of (1Q-6 u.~ltmLl 

Sa moles MjnjmymB Maximum 8 Average a,b,c 

49 e.l. 0.03 e.l. 

49 e.l. 0.4 e.l. 

49 e.l. 0.01 e.l. 

49 e.l. 0.04 e.l. 

49 e.l. 0.1 e.l. 

a Average environmental level (e.l.) found in Table 3 is subtracted from the data. 

Percent ofd 
DOE DCG 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

c Lower detection limit (LDL) for tritium in water is 0. 2 x 10-e J.LCi/mL. 

d DOE DCG for tritium in water is 2.000 x 10-e J.LCi/mL. 

3-1 
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Table 20- INCREMENTAL CONCENTRATIONS OF URANIUM-233,234 AND URANIUM-238 
IN THE GREAT MIAMI RIVER IN 1989 

Number Uranium-233,234 Uranium-238 
of c1 o-9 

Ll~i/ml} Percent ofd (]0-9 u~ilmL) 

Location Samples Minimuof Maximum a Averages, b, c POE PCG Minimum8 Maximum 8 Averagea,b,c 

1 12 e.l. 0.2 0.01 ± 0.2 0.002 e.l. 0.1 e.l. 

2 12 e.l. 0.2 0.01 ± 0.1 0.002 e.l. 0.1 e.l. 

3 12 e. I. 0.2 0.02 ± 0.1 0.004 e. I. 0.2 e.l. 

4 12 e. I. 0.2 0.04 ± 0.1 0.008 e.l. 0.1 e.l. 

5 12 e. I. 0.2 0.03 ± 0.1 0.006 e. I. 0. 1 0.004 ± 0.08 

a Average environmental level (e.l.) found in Table 3 subtracted from data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

c Lower detection limit (LDL) for uranium-233,234 is 0.01 x 10-9 J.LCi/mL. The LDL for uranium-238 is 0.01 x 10-9 J1Ci/ml. 

d DOE DCG for uranium-233, 234 in water is 500 x 10 -9 J1Ci/ml. The DOE DCG for uranium-238 is 600 x 10-9 J1Ci/ml. 

e Environmental level not subtracted from these data. 

• 

Ratioe 
Uranium-233, 234 

Uranium-238 

1.1 

1.1 

1 . 1 

1.1 

1 . 1 



Table 21 -INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN SURFACE WATER IN 1989 

Number Plutonium-238 
of (1Q-•2 u.~ilm!.l Percent ofd 

Locatjon Samoles Mjnjmuma Maxjmuma Average a,b.c POE peG 

11 4 e.l. 6.7 e.l. 

12 4 e.l. 10.7 0.5 ± 16 0.001 

13 4 e.l. 9.8 e.l. 

14 4 e.l. 8.5 0.7 ± 14 0.002 

15 4 e.l. 0.8 e.l. 

16 4 e.l. 4.2 e.l. 

17 4 e.l. 8.2 2.7 ± 13 0.007 

a Average environment~! level (e.l.) found in Table 3 is subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

Clower detection limit (LDL) for plutonium-238 in surface water is 6.5 x 10-12 JJ.Ci/ml. 

dDOE DCG for plutonium-238 in water i~ 40,000 x 10-•z JJ.Ci/ml. 

which is 0.4% of the standard adopted by 
the U.S. EPA in 1977 for community 
drinking water systems. The EPA standard 

also states that for drinking water 
supplies. the combined radium-226 and 
raclium-228 levels should not exceed 

5 pCi/L. the gross alpha levels (excluding 

radon and uranium) levels should not 
exceed 15 pCi/L, the strontium-90 levels 

should not exceed 8 pCi/L, and the gross 

beta levels should not exceed 50 pCi/L. 

Comparison with the standard based upon 

Mound's impact on the water supply, for 
those parameters other than tritium, is not 

warranted. Mound does not handle these 

3fi 

radionuclides, with the exception of a 
portion of the gross alpha standard. which 
would be from plutonium concentrations 
in water. Based on· this comparison. the 
plutonium concentration in water is 0.01% 
of the gross alpha standard. Data from 
the analyses of community drinking water 
samples are summarized in Table 23 .. The 
environmental level in Table 3 for tritium 

in water is not subtracted from these data 

because the EPA standard assesses total 
concentration including background. 

Drinking water from private wells is also 
analyzed for tritium. The average 

• 
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Table 22- INCREMENTAL CONCENTRATIONS OF TRITIUM 
IN SURFACE WATER IN 1989 

Number Tritium 
of (1Q-e u,~ilmbl 

Location Samoles Mjnimum8 Maximyma 

11 4 e.l. 0.1 

12 4 e.l. 0.1 

13 4 e.l. 0.2 

14 4 o:o3 0.3 

15 4 e.l. 0.2 

16 4 e.l. 0.1 

17 4 e.l. 0.3 

Average a. b. c 

0.03 ± 0.2 

0.05 ± 0.1 

0.07 ± 0.2 

0.2 ± 0.2 

e.l. 

e.l. 

0.2 ± 0.2 

Percent ofd 
DOE DCG 

0.002 

0.003 

0.004 

0.01 

0.01 

a Average environmental level (e.l.) found in Table 3 is subtracted from the data. ,. ,. 
b Error limits are estimates of the standard error of the estimated means at the 95% confidence 

level. 

c Lower detection limit (LDL) for tritium in surface water is 0. 2 x 1 o-e J..I.Ci/ml. 

dooE DCG for tritium in water is 2.000 x 1Q-6 J..I.Cilml. 

concentration of tritium for all private well 
locations was 2.9 nCi/L, which is less than 
15o/c of the U.S. EPA Standard. These 
dnra are shown in Table 2-+. Most of the 
tritium m these wells has decreased 
consistently over the last few years and, 
during 1989, all of the "B" wells were 
discontinued as drinking water sources. 
Drinking water from these discontinued 
wells was supplanted by municipal 
sources. In addition, the average 
concentration of tritium in Mound's onsite 
wells was 2.5 nCi/L, which is less than 
13% of the U.S. EPA standard. These 
data are shown in Table 25. 

Four private wells and Miamisburg city 
water were sampled and analyzed for 
plutonium-238. The average incremental 
plutonium-238 concentration for these 

locations was 2.1 x 10-,2 JJ.Ci/mL which 
is 0.1% of the DOE DCG. These results 
are shown in Table 26. ln addition. the 
average incremental co':_lcentration of 
plutonium-238 in Mound's onsite wells 

was 0.9 x 10-'2 JJ.Ci/L, which is 0.06% of 
the DOE DCG. These results are shown 
in Table 27. 

Private wells and Miamisburg drinking 
water were analyzed for uranium-233.234 
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Table 23 -TRITIUM LEVELS IN COMMUNITY DRINKING WATER IN 1989 

d (n.d.) Analytical result cannot be detected above reagent blanks. 

and uranium-238 during 1989. The 
average incremental uranium-233,234 
concentration was 0.04 x 1 o~ J..LCi/mL, 
which is 0.2% of the DOE DCG. The 
average incremental uranium-238 concen
tration was 0.04 x 10~ J..LCi/mL, which is 
0.2% of the DOE DCG. In addition, the 
average incremental concentration of 
uranium-233,234 in Mound's onsite wells 
was 0.04 x 10~ J..LCi/mL, which is 0.2% of 
the DOE DCG. The average incremental 
concentration of uranium-238 was 0.04 x 
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10~ J..LCi/mL, which is 0.2% of the DOE 
DCG. These results are shown in Tables 
28 and 29. 

These concentrations are ~n the range 
found in ground water, and the ratio of 
uranium-234 to uranium-238 (1.0 to 1.3) 
is also in the expected range as reported 
by Cothern and Lappenbusch 113]. This 
ratio is expected to be unity when secular 
equilibrium exists and indicates that the 
uranium present is naturally occurring. 

• 
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Table 24- TRITIUM LEVELS IN PRIVATE WELLS IN 1989 

Number Tritium Percent 
of (D~j/Ll of EPA 

Location Samples Minimyma Maxjmuma Average a. b, c Standard 

B-1 11 2.2 3.2 2.7 ± 0.2 14 

B-2 10 4.0 6.7 5.0 ± 0.6 25 

B-3 10 0.1 2.0 0.8 ± 0.5 4 

J-1 8 1.5 2.3 1.9 ± 0.2 10 

B-H 11 3.5 4.3 3.9 ± 0.2 20 

B-R 11 4.1 6.1 5.2 ± 0.5 26 

TR-1 11 0.2 0.9 0.5 ± 0.1 3 

a Average environmental level (e. f.) not subtracted from the data. The EPA standard of 20 nCi/L 
assesses total concentration including background. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level . 

. c Lower detection limit (LDL) for tritium in well water is 0.3 nCi/L. 

Table 25 - TRITIUM LEVELS IN ONSITE WELLS IN 1989 

Number Tritium Percent 
of {n~l/!,.} of EPA 

Location Samples Minimum a Maximum a Average a.b.c Standard 

71-1 48 0.9 5.2 3.1 ± 0.3 16 

71-2 37 1.7 4.8 2.7 ± 0.2 14 

76-1. 43 0.6 3.3 1.7 ± 0.3 9 

a Average environmental level (e.l.) not subtracted from the data. The EPA standard of 20 nCi/L 
assesses total concentration including background. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level . 

c Lower detection limit (LDL) for tritium in well water is 0.2 nCi/L. 
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Table 26- INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 IN PRIVATE 
WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1989 

Number Plutonium-238 
of (l g- 12 u.~ilm!.l Percent ofd 

Location Samoles Minjmyma Maxjmyma Average a. b. c DOE DCG 

Miamisburg 12 e.l. 37.9 3.2 ± 8.0 0.2 

8-1 4 e.l. 2.4 0.6 ± 4.2 0.04 

B-2 4 0.6 4.9 2.2 ± 4.9 0.1 

B-3 4 1.0 5.6 2.7 ± 4.9 0.2 

J-1 4 0.1 5.3 1.7 ± 5.4 0.1 

a Average environmental level (e.l.) found in Table 3 is subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

c Lower detection limit (LDL) for monthly plutonium-238 in drinking water is 4.0 x 10-12 IJ.Ci/ml. 
The LDL for quarterly plutonium-238 is 1 . 6 x 1 o-12 IJ.Ci/ml. 

dDOE DCG for plutonium-238 in drinking water is 1.600 x 10-12 IJ.Ci/ml.. 

Location 

71-1 

71-2 

76-1 

Table 27- INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 IN 
ONSITE WELL WATER IN 1989 

Number Plutonium-238 
of (l g-12 u.~llmb.l 

Samo!es Minimum 8 Maximum a Average a.b,c 

12 e.l. 28.7 2.8 ± 6.1 

10 e.l. 1.4 e.l. 

12 e.l. 3.0 e.l. 

a Average environmental level (e.l.) found in Table 3 is subtracted from the data. 

Percent ofd 
DOE DCG 

0.2 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

Clower detection limit (LDL) for plutonium-238 in drinking water is 4.0 x 10-12 IJ.CilmL. 

dDOE DCG for plutonium-238 in drinking water is 1,600 x 10-12 IJ.Ci/ml. 
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Table 28- INCREMENTAL CONCENTRATIONS OF URANIUM-233,234 AND URANIUM-238 

IN PRIVATE WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1989 

Uranium-233, 234 Uranium-238 

• 

Ratioe,f 
of uo-9 L!Cilml.} Percent ofd llQ-9 L!Cilmb} Uranium-233, 234 

Location Samples Minimuma Maximum a Average&, b, c POE peG ~jnjmuma Maximum 8 

Miamisburg 12 0.2 0.3 0.2 + 0.1 1.0 0.1 0.3 

8-1 4 e. I. e. I. e. I. e. I. e.l. 

8-2 3 e. I. e.l. e.l. e. I. e.l. 

8-3 4 e.l. e.l. e.l. e.l. e.l. 

J-1 4 e.l. e.l. e.l. e.l. 0.04 

a Average environmental level (e.l.) found in Table 3 subtracted from data. 

b 
Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

Average&, b, c 

0. 2 + 0.1 

e. I. 

e.l. 

e. I. 

e.l. 

Clower detection limit (LDL) for monthly uranium'-233,234 is 0.04 x w-9 ~Ci/ml. The LDL for quarterly uranium-233,234 is 
0.01 x w-9 ~Citml. The LDL for monthly anq quarterly uran.ium-238 is 0.01 x w-9 ~Ci/ml. 

d DOE DCG for uranium-233. 234 in drinking water is 20 x 1 o-9 ~Ci/ml. The DOE DCG for uranium-238 in drinking water is 
24 x 1Q-9 ~Ci/ml. 

e Environmental level not subtracted from these data . . 
f (n.d.) Analytical result cannot be detected above reagent blanks. 

Uranjum-238 

1 . 1 

1. 3 

n.d. 

1.3 

1.2 
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Table 29- INCREMENTAL CONCENTRATIONS OF URANIUM-233,234 AND 
URANIUM-238 IN ONSITE WELL WATER IN 1989 

Uranium-233, 234 Uranium-238 Ratioe 
of {10-9 LIQi/ml..} Percent ofd {lQ-9 uQilmLJ Uranium-233, 234 

Location Sa moles Minimum8 Maximum a Average&, b, c POE PCG Minimum8 Maximum8 

71-1 12 e.l. 0.07 0.04 ± 0.1 0.2 0.01 0.05 

71-2 10 e.l. 0.1 0.03 ± 0.1 0.2 0.004 0.05 

76-1 11 e.l. 0.1 0.05 ± 0.1 0.3 0.02 0.09 

a Average environmental level (e. I.) found in Table 3 subtraGted from data. 

b 
Error limits are estimates of the standard error of the estimated means at the 95% confidence level. 

Average&, b, c 

0.03 ± 0.09 

0.03 ± 0.09 

0.05 ± 0.09 

c Lower detection limit (LDL) for monthly uranium-233, 234 is 0.04 x 10-9 ~Ci/ml. The LDL for quarterly uranium-233, 234 is 
0.01 x 10-9 ~Ci/ml. The LDL for monthly and quarterly uranium-238 is 0.01 x 10-9 ~Ci/ml. 

dDOE DCG for uranium-233,234 in drinking water is 20 x 10-9 ~Ci/ml. The DOE DCG for uranium-238 in drinking water 
is 24 X 1 o-9 ~Ci/ml. 

e Environmental level not subtracted from these data . 

• • 

Uranlum-238 

1.1 

1.1 

1 . 1 
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\Vater - Nonradioactive 

Mound discharged an average of 2.8 
million liters (0. 74 million gallons) of 

water per day in 1989 to the Great Miami 

River. Nonradioactive pollutants in this 
effluent water are regulated by a National 
Pollutant Discharge Elimination System 
(NPDES) permit. This. permit was issued 
in 1985 by the Ohio EPA and is scheduled 
for renewal in September 1990. 

The NPDES permit requires Mound to 
characterize its effluent water by analyz

ing samples collected at four onsite 
locations: 001A. 0018, OOlC, and 002. A 
24-hr composite, flow proportional sam
ple and a grab sample are collected from 

discharges OOlA, 0018. and 002. 
Discharge 00 lA contains the effluent from 
the sanitary sewage treatment plant. 
Discharge 0018 includes storm water 
runoff, single-pass cooling water, cooling 

tower blowdown. zeolite softener back
wash, and discharge from the radioactive 
waste disposal facility. Discharge 002 

consists of single-pass cooling water, 
cooling tower blowdown, zeolite. softener 

backwash, and most of the plant storm 
\Vater runoff. A time proportional, 
c-omposite sample and a grab sample are 

collected from the electroplating facility 
effluent. discharge 001C. The onsite 
effluent monitoring data are summarized 
in Table 30. NPDES permit limits can be 
found in this table and also in the 
Appendix. The permit limits are found in 

Table 30 and in the Appendix. The 
NPDES monitoring was performed using 

methods specified in the Code of Federal 

Regulations. 40 CFR 136. 

ivlound also monitors the pH of the water 

discharged from one offsite \\'ell. In 1989. 
this \veil was pumped 9 clays and 
discharged a total of 5.8 million gallons. 
Two samples, 7.1 and 7.4 pH units. were 

measured from this discharge. 

There were 729 samples analyzed for 
NPDES parameters during 1989. Mound 
effluents exceeded permit limits m:ice 

during this year. 

The first exception involved the discharge 
of 1, 1.1 trichloroethane on April 18, 1989. 
and was detected during the annual Ohio 

EPA compliance inspection. This com
pound was detected in discharge 001 C. the 
electroplating effluent, at a concentration 
of 2. 73 mg/L. This discharge exceeded 

the 2.13 mg/L TTO limit. !t was 
estimated that 200 ro 500 mL of solvent 
was sewered. The sampling location is a 
manhole that readily traps heavier than 
water solvents and facilitates the detection 
of the solvent for several days after its 
disposal. The Mound policy of disposal of 
solvent wastes by placement into appropri
ate waste solvent cans. which are collected 

for recycling and/or disposal by waste 

management personnel. was reinforced 
with the electroplating staff. 

The second exception occurred during the 
·week of December 17-23. The weekly 

average BOD was 15.2 mg/L and ex
ceeded the 15 mg/L limit.- The increased 
discharge of BOD occurred after the 
sewage treatment plant experienced opera

tional difficulties resulting from subzero 
temperatures. Freezing transfer lines 
interfered with the sludge wasting sched

ules and reduced the efficiency of 
removing solids and BOD from the 
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Table 30- NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM DATA FOR 1989 
+-
+-

Maximum r::u~m;s f:!~[mil Limil:i 
No. of ·Annual Monthly Monthly 

Pa[amete[ Sample~ Minimum a Maximum a Average Ave[aae Maxlmumb Ave[age 

Qi:i~btua~ 001-A 
Flow Rate, MDG c Cont. .04 0.22 0.12 0.14 n/ad n/ad 

pH. s.u. 51 7.4 8.2 7.6 7.9 9.0 n/a d 

Biochemical Oxygen. 
Demand, mg/L 53 1.0 15.2 4.7 9.3 15.0 10.0 

Suspended Solids. mg/L 51 0.4 19.4 4.0 9.9 30.0 15.0 

Fecal Coliform. MPN/100 ml 27 1 300 13 29 2000 1000 

Residual Chlorine, mg/L 129 0.09 0.46 0.31 0.40 0.50 ntad 

Qi:i~bi![a~ 001-~ 

Flow Rate, MGD Cont. .03 0.48 0.13 0.19 n/ad n/ad 

Chemical Oxygen 
n/ad n/a d Demand. mg/L 51 0 256 87 164 

Suspended Solids. mg/L 51 1.8 29.8 8.6 14.3 45 30 

Grease and Oil. mg/L 12 <0.5 1.0 <0.5 1.0 10.0 n/a d 

pH. s.u. 51 7.4 9.4 8.4 8.7 9.5 n/ad 

Qi:i~bi![a~ 001-C 
Cyanide, mg/L 24 <0.1 <0.1 <0.1 <0.1 1.0 0.65 

Chromium, Jlgll 24 <50 <50 <50 <50 500 n/ad 

Cadmium, Jlgll 24 <10 <10 <10 <10 100 n/ad 

Nickel. ~g/L 24 <50 <50 <50 <50 500 n/ad 

Copper, ~g/L 24 55 239 121 185 500 n/ad 

pH. s.u. 24 6.8 7.5 7.3 7.4 9.0 n/ad 

Total Toxic Organics. mg/L 5 <1.1 2. 73 <1.1 2.73 2.13 nla d 

Qi:i~bi![a~ OOZ 
Flow Rate, MGD Cont. 0.00 2.19 0.49 0.85 n/ad n/ad 

Suspended Solids, mg/L 51 4.8 41.8 14.5 29.4 45 30 

pH. s.u. 51 7.5 8.8 8.2 8.6 9.0 n/ad 

a The maximum and minimum for biochemical oxygen demand and residual chlorine are weekly average values. 

b pH also has a minimum limit of 6. 5. 

c Includes flow from 001-C. Maximum flow from 001-C is approximately 2000 gal/day. 

d No limit applicable .. 
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effluent. After restoring proper flows to 

the sludge transfer lines. the BOD levels 
returned to normal. These transfer lines 
have been insulated ro minimize poremial 
for freeze up. 

In summary, Mound"s effluents exceeded 
NPDES limits twice in 1989. Corrective 
actions were taken to minimize recurrence 
of these exceptions. Neither exception had 
a significam or measurable impact on the 
water quality of the Great Miami River. 

Dam from the U.S. Geologicnl Survey 
show that flow in the Great ivliami River ar 
Miamisburg in 198Y averaged 2061 

million gallons per day (MGD). with a 
minimum and maximum of 412 MGD and 
17,442 MGD. respectively. The magni
tude of this river flow is significantly 
greater than Mound effluents. such that 
Mound effluents did nor affect the Great 
Miami· River and its compliance with Ohio 
Stream Standards as shown m the 
Appendix . 
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Foodstuffs and Vegetation -
Radioactive 

Various locally grown· foodstuffs and 

vegetation samples are collected from the 

surrounding area. The intent of this 
aspect of the Environmental Monitoring 
Program is to determine whether there is 
significant uptake and concentration of 
radionuclides by plant or animal life. 
Samples were e,:ollected in Miamisbur~r, 

Centerville. Bellbrook. Trotwood, Frank
lin. and Germantown. Centerville and 
Bellbrook are in the prevailing wind 
direction from Mound at a distance of 
eight km (five mi) and 16 km (10 mi), 
respectively. Both communities are shown 
in Figure 1. Fish were collected in the 
Great Miami River. · Mound's outfalls are 
shown as dotted lines in Figure 5. The 
plutonium-238 content of the foodstuff 
and vegetation samples is determined by 
ashing the samples, then proceeding with 

the same techniques used for pluro
nium-238 analyses of air samples (see 

section on Air- Radioactive). The tritium 

content of the foodstuff and vegetation 

samples is determined by distilling the 

water from the sample, then analyzing the 

distillate for tritium. The results of the 
foodstuff, vegetation, and fish analyses 
are summarized in Tables 31 and 32. The 

concentration is given in terms of the 
sample weight (wet weight) before ashing 

or distilling. The samples of aquatic life 
analyzed included only the edible. fleshy 

portions of fish. These analyses indicate 

no evidence of any significant uptake or 
concentration by plant or animal life of 
the radionuclides handled at Mound. and 

they are consistent with data obtained in 

previous years ( 1980-1988). Environ

mental levels for foodstuffs and vegetation 

have been subtracted from the data 
(Table 3). 

• 
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Table 31 - INCREMENTAL PLUTONIUM-238 IN FOODSTUFFS AND VEGETATION IN 1989 

Type Number PlutQniym-,JB 
of of (1Q-9 u.~i/g} 

LQcatjQn Sample Samples Minimyma Maximum a Average a.b.c 

Miamisburg Grassd 4 0.3 0.7 0.5 ± 0.3 
Potatoes 4 e.!. 0.03 e.!. 

Centerville Grass 4 0.04 0.2 0.1 ± 0.2 
Potatoes 4 e.l. 0.1 0.05 ± 0.3 

Bellbrook Grass 4 e.l. e.l. e.l. 
Potatoes 4 e.l. '0.2 0.04 ± 0.2 

Trotwood Grass 4 0.1 0.4 
, . 

0.2 ± 0.2 
Potatoes 4 e.l. 0.4 0.02 ± 0.4 

Franklin Grass 4 e.l. 0.2 e.l. 
Potatoes 4 0.02 0.1 0.07 ± 0.2 

Germantown Grass 4 e.l. 0.4 0.1 ± 0.3 
Potatoes 4 e.l. 0.2 0.01 ± 0.3 

Mound Fish 4 e.l. e.l. e.l. 
(outfall to river) 

a Average environmental level ( e .I.) found in Table 3 is subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

c Lower detection limit (LDL) for plutonium-238 in grass is 0.1 x 10-9 J.LCi/g. For plutonium-238 in 
potatoes. the LDL is 0.04 x 1()9 J.LCi/g. For plutonium-238 in fish. the LDL is 0.1 x 10-g J.LCi/g. 

d The percentage of moisture for grass was 75% . 
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Table 32- INCREMENTAL CONCENTRATIONS OF TRITIUM IN VEGETATION 
FROM THE ROUTINE ENVIRONMENTAL MONITORING PROGRAM IN 1989 

Type Number Iri~i!.!!D 

of of (1Q""13 u.!:;;i/g} 
Locatjon Sam ph~ Samples Minim!.!ma Maxim!.!ma Average a.b.c 

Miamisburg Grassd 4 e.l. 0.2 0.1 ± 0.2 
Tomatoese 4 0.2 0.3 0.2 ± o. 1 

Centerville Grass 4 e.l. e.!. e.l. 
Tomatoes 4 e.l. 0.06 0.01 ± 0.1 

Bellbrook Grass 4 e.l. e.l. ,. e.l. 
Tomato.es 4 0.06 0.2 0.1 ± 0.1 

Trotwood Grass 4 e.l. e.l. e.l. 
Tomatoes 4 e.l. 0.04 e.l. 

Franklin Grass 4 0.1 0.2 0.2 ± 0.1 
Tomatoes 4 0.02 0.1 0.04 ± 0.1 

Germantown Grass 4 0.1 0.2 0.2 ± 0., 
Tomatoes 4 e.l. 0.01 e.l. 

a Average environmental level (e.l.) found in Table 3 is subtracted from the data. 

b Error limits are estimates of the standard error of the estimated means at the 95% confidence 
level. 

c Lower detection limit (LDL) for tritium in grass is 0., X , o-s '""Ci/g. For tritium in tomatoes. the 
LDL is 0.1 x 10-s '""Ci/g. 

dThe percentage of moisture for grass was 75%. 

eThe percentage of moisture for tomatoes was 97%. 

•• 

• 

• 



• 

• 

• 

Silt - Radioactive 

Silt samples were collected from the river 
and surface water sample locations shown 
in Figure 5. The results of the silt sample 
analyses are found in Tables 33 and 34. 

No adverse impact to the enYironment was 
determined from the raclionuclicle le\·els 
found in these sediments. Surface scoop 
samples are collected to an approximately 
depth of 2 em. The sample is then dried 
in a drvin~ oven and analvzed. . - . 

Table 33 -INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 IN SILT 
FROM RIVER SAMPLING LOCATIONS IN 1989 

Number Plutonium-238 
of {]Q-9 u,Qi/g} 

Location Samples Minimum8 Maxjmuma Average a.b.c 

4 4 5 4 ± 10 

2 4 18 68 40 ± 39 

3 4 38 100 75 ± 43 

4 4 8 231 110 ± 147 

5 4 7 26 15 ± 16 

a Average environmental level (e.l.) found in Table 3 is subtracted from the 
data. 

b Error limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

c Lower detection limit (LDL) for plutonium-438 in silt is 1 .3 x 10-9 ~Ci/g . 
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Table 34- INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 IN SILT 
FROM SURFACE WATER LOCATIONS IN 1989 

Number Plutonium-238 
of (]Q-9 u.~llg} 

Location SamPles Minimums Maxjmyma Average a, b, c 

11 4 e.l. e.l. e.l. 

12 4 e.l. 1.2 e.l. 

13 4 e.J. e.l. e.l. 

14 4 e.l. e.l. e.l. 

15 4 e.l. e.l. e.l. 

16 3 e.l, e.l. e.l. 

a Average environmental level (e.l.) found in Table 3 is subtracted from the 
data. 

b Error limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

c Lower detection limit (LDL) for plutonium-238 in surface water silt is 1 .3 x 
10-9 J.LCi/g. 

• 
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Summary of Tritiun1 
Release Incident 
At approximately 8:30am on November 8, 
1989, a malfunction occurred releasing 
tntlllm to the atmosphere from the 
Semi-Works .(SW) Building. A tritium 
container was being unloaded by a laser 
drilling operation. The containment system 
ruptured releasing tritium to the fumehood 
and on to the building stack and atmos
phere. Sampling and analysis of the stack 
emissions showed that 38,200 curies of 
tritium. including 68 curies in the oxide 
form were released. Airborne concentra
tions and whole body doses were estimated 
usinl! Gaussian techniques, the onsite 
Atm~spheric Release Advisory Capability 
(AR;\C) facility, and ARAC Central 'at 
Lawrence Livermore National Laboratory. 
These estimates were continuously revised 
as more and more accurate information 
became available. They were used to 
inform DOE and Regulatory officials of the 
potential impacts until actual monitoring 
data became available. The final integrated 
dose calculated by ARAC Central indicated 
the maximum dose was between 0.1 and 
0.01 mrem. The ma:ximum dose estimated 
bv Gaussian techniques was 0.05 mrem. 
T.hese estimates all indicateu that any 
impact from the incident was minimal. 

Analvsis of environmental samples con
firm~d the estimates calculated by disper
sion techniques. The maximum air 
concentrations were measured at air 
sampler location 112 (198 pCilm3) north
west of the Mound plant. with somewhat 

. I"'"' lower concentrations at locatton --
( 70 pCi/m3) also northwest of the Mound 
plant. These locations can be found in 

Fi2:ure I, "Offsite air sampling locations ... 
w;rer samrles were collecrecl on t~1e cl;,y of -
the incident. River samples. pond samples. 
and rain puddle samples were collected 
within the area of the plume. Five rain 
samples were also taken, as it began to rain 
in the afternoon of that day. There was no 
rainfall during the tritium release incident. 
Of the twenty water samples collected. only 
one, a rain sample collected at air sampler 
location 112. showed any significant trit
ium. This sample ( 17 nCi/L) was below the 
U.S. EPA drinking water standard of 20 
nCi/L. Grass samples were collected at 
three locations on the day of the incident 
and additional samples were collected 
several davs later. Two of these samples 
showed higher than normal tritium levels. 
They were collected at air sampler locations 
112 and 122, and the tritium concentrations 
measured were 58 and 32 pCi/g compared 
to normal levels of 0.2 to 0.3 pCi/g. Since 
there was little or no produce growing 
during that season of the year, no 
si2:nificant dose was expected from vegeta
ti~n. Milk samples were collected from a 
dairy in the plume direction. Samples were 
collected on the evening of the _incident and 
the following morning. Analysis showed no 
tritium above detection limits. Milk 
purchased from a local market also showed 
no tritium above detection levels. 

The maximum offsire individual dose 
based on air sample measurements and 
other environmental measurements was 
calculated to be 0.004 mrem effective dose 
equivalent. This dose calculation assumed 
that an individual breathes the air at air 
sampler location 112 for 170 hours. The 
exposure time of 170 hours was chosen 
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dose equivalent. This dose calculation 
nsst~mecl thnt an individllal breathes the 

air at air sampler location 112 for 170 
hours. The exposure time of 170 hours 

was chosen because the air sampling data 
indicated sliehtlv elevated tritium concen-- " 
trations for that period. The impact from 
this incident was minimal because only a 

,. 
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very small fraction (<0.2%) of the tritium 
released was in a form that is renclily 
taken up by the human body; i.e., the 
oxide form. Additional details concerning 

the incident can be found in Reporr of the 
Type A Investigation Board on the Tritium 
Release Incident at the Mound Plant (U), 
U.S. Department of Energy, January 1990. 

• 
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Evaluation of Effective 
Dose Equivalent to the 
Public 
The dose assessment techniques have 
been performed according to the Depart
ment of Energy guidelines. The "effective 
dose equivalent" is used in the dose 
assessment evaluation in this report [4j. 

The effective dose equivalent values for 
the plutonium-238 and tritium exposures 
from the air, \vater, and vegetation 

pathways are calculated .and summed to 
estimme the maximum dose at the site 
boundary and to the individual. The 
general assumptions used in these deter
minations follow. 

The solubility of ingested ·or inhaled 
plutonium-238 in the receptor is 
unknown. However, it is highly probable 
that ·most of the plutonium-238 is in the 

oxide form, which is very insoluble. Most 
of the time the solid form of pluto
nium-238 processed at Mound was either 

oxide or hydroxide. This matetinl ,,·as 
used in encapsulated hear ~ources. There 
was some solution processing. primarily in 

recovery operations in . reclaiming scrap 
material. In order to provide a realistic 
but conservative effective dose equi,·aJent 
estimate, it is assumed that soc-c of the 
pluronium-238 which is inhaled is soluble 
(class W) and 50% is insoluble (class Y). 

It is also assumed that the plutonium-238 

that is ingested is also SOC::·c soluble and 
50% insoluble. All dose assessments 
based on monitoring data for tritium are 

based on the oxide form. Tritium o.xide is 

used because it is 25,000 times more 
restrictive than the elemental form of 
tritium. 

The term "effective dose equivalenr. ., as 

used in this report, is that cumulative 
effective dose equi\·alent for a period of 
50 yr from 1 yr of exposure to a given 
radionuclide. This effective dose equiva

lent is composed of the sum of the 
effective dose equivalents from the air, 
water, and foodstuffs pathways. 
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Dose Assessment 
Assumptions and 
Methodology 
The effective dose equivalent estimates for 

plutonium-238 and tritium were based on 
environmental monitoring data for 1989. 
The estimates for maximum effective dose 
equivalent in air at the site boundary and 
maximum effective dose equivalent to 
individuals were based on the maximum 
onsite incremental average concentration 
of plutonium-238 and tritium (oxide) in 
air from onsite sampler 213, Tables 12 
and 14. These samplers are in proximity 
to the site boundary. 

The estimates for water for maximum 
effective dose equivalent at the site 
boundary and in individuals were based on 
the maximum average incremental con
centration of plutonium-238 and tritium in 
wells. The maximum offsite average 
concentration of plutonium-238 was the 
Miamisburg location and for tritium it was 
the average at location J-1. 

The terms "maximum effective dose 

equivalent at the sit~ boundnry·· nncl 

"maximum effective dose equi•>alent to 

individuals" refer to the maximum dose 

equivalent for individuals to receive. 

assuming they remain at the site boundary 

24 hr/day, 365 days/yr. During this con

tinuous occupancy, it is assumed that the 

individual continually breathes air with 

maximum concentrations of radionuclides 

found at the onsite samplers. It is also 

assumed that the same individual con
sumes all his drinking \Vater at the 

maximum radionuclide concentrations 

found in offsite wells. In addition. the 

same individual is assumed to consume a 

portion of foodstuffs with the maximum 

radionuclide concentrations found off site. 

All of these contributions, air, water, and 

foodstuffs. are added to obtain an 

estimate of the total maximum effective 

dose equivalent. The estimated contribu

tions from each pathway and the esti

mated total maximum effective dose 

equivalent are shown in Table 35. 

Table 35- EFFECTIVE DOSE ESTIMATES 

pathway 

Air 

Water 

Foodstuffs 

TOTAL 

5-1 

MAXIMUM EFFECTIVE DOSE COMMITMENT AT THE SITE 
BOUNDARY AND TO INDIVIDUALS IN THE POPULATION 

Plutonium Tritium TQt511 
lmreml fmreml (mreml lmSvl 

0.15 0.02 0.17 (0.001 7) 

0.004 0.09 0.09 (0.0009) 

0. 1 1 0.03 0.14 (0.0014) 

0.26 0.14 0.4 (0.004) 

Percent 
of DOE 

Standard 

0.17 

0.09 

0.14 

0.4 

• 
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The maximum dose to an individual from 
t-.·touncl"s operations is an estimated 
0.-l mrem. which is 0.4% of the DOE 
standard of 100 mrem. To put this 
OA mrem into perspective, one jet flight 
over the Atlantic would expose an 
individual to 2.6 mrem [14]. In addition, 
if an individual from Ohio would move to 
Colorado for one year, he would receive 
an additional 75 mrem as compared to 
liYinl:?. in Ohio for that one year [15,161. 
This additional dose in Colorado is due 
both to the increased cosmic dose from 
the increased elevation and from in
creased terrestrial dose from the materi
ally occurring radionuclides in the earth's 
crust. 

The person-rem dose equivalent estimate 
calculation was based on tritium (oxide) 
and plutonium-238 data from environ
mental air sampling stations in two 
ranges: 0-8 km (0-5 mi) and 8-32 km 
(5-20 mi). The 0-8 km range includes 10 
samplers within 1.6 km (I mi) of Mound. 

The average concentration of tritium 
(oxide) and plutonium in air was obtained 
by averaging concentrations found at 10 
offsite tritium air samplers and then 
subtracting the concentration found at 
sampler #119. From this average concen
tration. a dose equiYalent was determined 
and multiplied by the number of people 
from 0 to 8 km. 

The average tritium (oxide) concentration 
from the four other offsite samplers (less 
the concentration at sampler 119) was 
used to obtain the person-rem from 8 to 
32 km. Eight area segments from 8 to 
32 km were obtained by letting each 
sampler represent one segment concentra
tion and the average of two adjacent 

samplers represent another segment. 
These segment concenrrmions '"ere then 
multiplied by their respective population. 

Using the concentrations from the four 
samplers and this averaging technique 
gives a more realistic population dose 
value. 

The person-rem from tritium (oxide) and 
plutonium-238 in community drinking 
water was based on average concentra
tions of tritium (oxide) and pluto
nium-238 in various community water 
supplies, less appropriate environmental 
levels, and weighting these concentrations 
with respective populations. 

The person-rem from foodstuffs was 
based on average incremental concentra
tions of tntlum (oxide) and pluto
nium-238 found in foodstuffs weighted 
with assumed consumption quantities and 
population. The total person-rem was 
obtained by adding the effect from the air, 
water, and foodstuffs pathways. 

It is estimated that the total population 
from 0 to 32 km is receiving 11 .5 
person-rem from Mound's em1ss1ons. 
The remaining popul~tion from 32 km to 
80 km (20 to 50 mi) is expected to receive 
negligible dose commitment from tritium 
(oxide) and plutonium-238 em1ss1ons. 
Thus, the effective dose equivalent from 
Mound's emission is estimated to be 11.5 
person-rem for the 0-80 km range. 

The population effective dose values from 
natural radiation for comparison, includ
ing cosmic rays, terrestrial. and interna I 
radiation. would be approximately 
300 mrem per person or 1.000.000 
person-rem for the 0 to 80 km (50 mi) 
range l17j. 
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AIRDOS-EPA Calculations 
The computer code AIRDOS-EPA was 
also used to estimate the dose from 
Mound. The code was executed for 
compliance with 40 CFR 61. The results 
of the code estimated the dose from 
Mound at about 2. 7 mrem. This 1s 
approximately 27% of the EPA standard 
of 10 mrem for stack emissions. These 
data are reported to the U.S. EPA. 

The difference in the estimated dose 
values from monitoring data and from the 
EPA AIRDOS model is primarily due to 
the assumptions made for tritium stack 
emissions. The EPA AIRDOS model 
assumes that all the tritium released from 
stacks is m the oxide form, which 1s 
25.000 times more restrictive than the 
elemental form of tritium. Mound's stack 
monitoring data during 1989 estimated the 
oxide portion Qf the tritium release to be 
only 4%. 
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Appendix 

I. Applicable Standards 

A. Radioacth·e Standards 

In conformance with the U.S. Department 
of Energy Order 5400.1, "General Envi
ronmental Protection Program," environ
mental sample results and EPA modeling 

codes were used to estimate doses to 
compare with the DOE and EPA standards 

listed below. 

B. Radiation Standards for Protection 
of the Public in the Vicinitv of DOE 
Facilities 

1. Dose Limits - All Pathways 

The effective dose equivalent for any 
member of the public from all routine 
DOE operations, (natural background and 
medical · exposures excluded) shall not 

exceed the values given below: . 

Occasional annual 
exposures3 

Prolonged period of· 
exposure3 

Effective Dose 
Egyivaleot2 

mremlyr lmSvtyrl 

500 (5) 

100 ( 1 ) 

1 Routine DOE operations means normal planned 
operations and does not include actual or po
tential. accidental or unplanned releases. 

2 Effective does equivalent will be expressed in 
rem (or millirem) with the corresponding value 
in Sievert (or milliSievert) in parentheses. 

3For the purposes of these standards. a pro
longed exposure will be one that lasts. or is 
predicted to last. longer than 5 yr. 

No individual organ. shall receive a 
committed effective dose equivalent of 
5 rem/yr (50 mSv/yr) or greater. 

2. Dose Limits - Air Pathway Only 

(Limits of 40 CFR 61. Subpart H. 

12/15/89) 

Effective 
Dose Equivalent 

mrem/yr 1mSviyrl 

Whole body dose 10 (0.1) 

3. Drinking \Yater 

As of June 24, l9i7, community drinking 

water quality is regulated by the EPA 
National Interim Primary Drinking Water 

Regulations for Radionuclides. The new 

standard for tritium = 20 X 1 o-s jJ.Ci/mL 
(20.000 pCi/L). The other parameters are 
the combined radium-226 and radium-
228 = 5 pCi/L, gross alpha (excluding 
radon and uranium) = 15 pCi/L, stron
tium-90 = 8 pCi/L, and when gross beta 

levels = 50 pCi/L. 

4. Soil 

There are no guidelines established for 
radioactive species in soil. (The U.S. EPA 
has guidelines under consideration.) 

C. Nonradioacth-e Standards 

\Yater 

The Ohio EPA has issued a discharge 
permit under NPDES regulations govern
ing Mound's liquid effluent streams. This 

permit is for the period from October 1. 
1985. to September 27, 1990. The dis

charge limitations for each effluent stream 
are as follows: 
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Discharge 001-A 
EPA #601 

Residual chlorine· (mg/L) 
BOD~ (mg/L) 
Suspended solids (mg/L) 
Fecal coliform· (n/1 00 ml) 
pH (s.u.) 

·May 1 through October 31 

Discharge 001-B 
EPA #602 

COD (mg/L) 
Suspended solids (mg/L) 
Oil/grease (mg/L) 
pH (s.u.) 

Discharge 001 -C 
EPA #603 

Cyanide (mg/L) 
Chromium (J.Lg/L) 
Cadmium (J.Lg/L) 
Nickel (J.Lgll) 
Copper (J.Lgll) 
Total Toxic Organics 

(1/quarter) (J.lgfl} 

Discharge 002 
EPA #002 

Suspended solids 
pH (s.u.) 

7 -day Monthly 
Average Average 

0.5 
15. 10. 
30. 15. 

2000. 1000. 
6.5- 9.0 

(daily limit) 

Daily Monthly 
l...i!!ll.t u mit 

(Monitor only) 
45. 30. 
10. 

6.5-9.5 

Daily Monthly 
W!Ili1 U mjt 

1.0 
500. 
100. 
500. 
500. 

2130. 

Daily 
.L.l.!:!:!..i1 

45. 
6.5-9.0 

0.65 

· Monthly 
Limit 

30. 

The Ohio EPA has established Water 
Quality Standards (3745-1-01-3745-1-
09). The standards listed below are 
excerpted from these regulations. These 
standards are stream standards and apply 
to a stream beyond a suitable mixing zone 
permitted for discharges. They should not 
be compared with effluent concentrations. 
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Constituent 

Dissolved Oxygen 
pH (ph units) 
Fecal coliform (N/1 00 ml) 
Dissolved solids 
Ammonia 
Arsenic 
Barium 
Cadmium 
Chloride 
Chromium (hexavalent) 
Cyanide (free) 
Fluoride 
Foaming agents (MBAS) 
Iron 
Lead 
Manganese 
Mercury 
Oil and grease 
Phenols 
Selenium 
Silver 
Copper 
Zinc 

Average 
Concentration 

lmg/Ll 

5.0 
6-9 

200 per 1 00 ml 
1500 

1 .5 
0.05 
0.8 
0.005 

250 
0.5 
0.005 
1 .3 
0.5 
1 
0.04 
1 
0.0005 
5 
0.01 
0.005 
0.001 

0.005-0.075~ 

o.o75-o.5· 

·Dependent on CaC03 hardness. 

II. Effective Dose Equivalent 
Calculations 

The effective doses from both pluto
nium-238 and tritium oxide are calculated 
in a similar manner then summed for the 
significant pathways. The result is one 
value which represents a weighted result 
which is compared to the DOE standard 
shown above. 

The technique in detail involves determin
ing the concentration of the radionuclicle 
throueh environmental monitorine then - -
calculating the total effective dose equiva-
lent by: 

N p 

DE = I R I CRlaDFCF 

• 

• 

• 



• 

• 

• 

where 

DE = total Effective Dose Equivalent 
(dose inte£rared through 50 years 
from 1 year of exposure) (mrem/ 
50 years) 

N 
~R = sum of the different radionuclides 

p 
~ = sum of the different pathways -
1 air. water, and foodstuff 

CR = Average concentration of the 

radionuclide 

Ia = Annual intake of the environmental 

media [1.2] 

DF = Dose factors for the particular 

radionuclide and type of intake 131 

CF = Conversion factor to convert vari

ous units into units which can be 
used with DOE effective dose 
conversion factors 
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Foreword 
This repor~ vas prepared by the !nvironmen~al Sec~ion of the 

Aaminis~ra~ion Depar~ent at !G'G Mound Applied Technoloqies 

pursuant to DO! Order 5400.1 for the calendar year 1988. Sample 

analyses and data reduction were performed by the !nvironmental 

Assessment Group. Particulate samples offsite were collected by the 

Air Pollution Control Section of the Kontqomery Cowsty Combined 

General Health District, which acts as the Reqional Air Pollution 

Con~rol Aqeney in this area for the Ohio !nvironmental Protection 

Aqeney. All other •amplinq wa• performed by personnel in the 
Environmental Section. 
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Introduction 
Mound is a qovernment-owned facility 
operated by EG•G Mound Applied Technolo-
qies, Inc., for the O.S. Department of 
Enerqy CDOE:l. Occupyinq l. 24 lcm' ( 306 

acres) of land in Miamisburq, Ohio, the 
Mound facility is approximately 16 km 
(10 mil southwest of Dayton, Ohio. The 
predominant qeoqraphical feature in the 
five-county reqion surroundinq Mound is 
the Great Miami River, which flows from 
northeast to southwest throuqh the city 
of Miamisburq. The river valley is 
hiqhly industrialized. The remainder of 
the reqion 
dotted with 

is predominantly 
liqht industry 

&lit 

~ : J • ---,.LU 
1 l l • I 4 

~---CILOIInlli 

farmland, 
and small 

.... 

co!lllllunities. The locations 
tions of these communities 
Fiqure l. The population 
surroundinq Mound is shown 

and ?opula-
are show:-. ~:: 

dis<:ributi.c:: 
in Fiqure 2. 

Drinkinq water for the area is obtai.:1ec 
from a buried valley aquifer t~at 

qenerally follows the Great Mi&mi Ri-ver. 
This aquifer was desiqnated a sole source 
aquifer by the O.S. Environmental 
Protection Aqency CEPAI during 1988. 
The primary aqricultural activity in the 
area is raisinq field crops such as cor~ 

and soybeans. Approximately 10\ of the 
land in aqricultural use is devoted to 
pasturinq livestock [l]. 

•-~nu•-
I'OI'IIU.T- DP CJTIU ·--o-·u• 

8 IO.GD0-11.010 

O•s.ooo ·-•L••• 

• 

FIGURE 1 - Qffsite air sampling locations. 
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eumula~v• P~pulation Total• 
1980 Population 0 - 50 Mil .. 

o-10 398,259 
o-20 1,125, 790 
0-30 1,669,231 
o-40 2,823,798 
o-50 3,358, 941 

FIGURE Z - P~jectad 1980 population w1tn1n SO ~11es of Mound . 
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The climate in the area is considered 

moderate. Averaqe annual precipitation 

is 91 em 136 in.) and is evenly diatri

~uted throuqhout the year. Precipitation 

measured at Mound in 1988 vas 84 em 
13 3 in.) • Winds are predominantly from 
the south or vest, except c!urinq the 
summer, when they are recorded more 
frequently from out of the southWest [2]. 
The annual averaqe vine! sp .. d aeasured by 
the National Weather Service at Dayton, 
Ohio, for 1988 was 4.0 m/s 18.9 mi/hrl. 
Fiqure 3 shows the vine! rose for 1988 

compiled by the National Weather Service 
at Dayton, and Table 1 shows averaqe vine! 
speed and percent frequency for each of 

16 vine! directions. 

wl 
I 
I 
\ 

... 

' ' 

::GuR: 3 The relative freauency of 
•nnas from di~~erent Oirections fro,., the 
lia~1ona: weatner Serv1ce, Dayton, 01110, 
•o .. :gae. 

In 1949, Mound beqan operations ~or the 
production of nuclear weapon components. 

Currently, ita mia1ion includes fl l re~ 

search, development; enqineerinq, produc

tion, and surveillance of components ~or 

DOE veapona proqrams: 121 aeparatio~. 

purification, and sale of stable ~•otopes: 
and (3) DO! proqrams in nuclear safe
quarc!s and va1te manaqement, heat source 
teltinq, and fusion fuel systems. The 
radionuclic!ea of prillary concern that 
result from Mound's current or past 
operations are plutonium-238 IPu-2381 anc 
tritium nrr, H'1'0 > • 

Rac!ionuclic!es in particulate form are 
removed from process air effluents by 

Table 1 - PERCENT FREQUENCY OF WIND 
DIRECTION AND WIND SPEED rROM THE 

NATIONAL WEATHER SERVICE, 
DAYTON, OHIO, FOR 1988 

Direction 

N 

NNE 

NE 
ENE 

E 

ESE 
SE 

SSE 
s 
ssw 
SW 
WSW 

w 
WNW 

NW 

NNW 

Percent 

6.2 

3.2 
4.2 
4.2 
s.o 
3. 4 

3.0 
4.7 

8.5 

6.7 

11.1 

10.7 

1:!.3 

7.0 -

5.5 

4.3 

Averaoe 
Speed 
lm/sl 

3. 8 

4.0 

4.2 

3.8 

3. l 

3. 3 

3.3 
3. 4 

4.0 

s. l 
4.8 

4. 4 

4.8 

4.8 

4. 5 

Averaqe 4.C 

Total relatlVe freouenev of calms 
distributed above ~s S.S\. 

• 

• 
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filters. Air effluents are !iltered 
first at t!lei: poi::u of oric;i!'l I i.e., 
gloveboxesl and then just before reaching 
the release point !i.e., the stack). The 

filteri!'lg system at the stack comprises 

two banks of REPA filters in series, each 
bank having a collection efficiency of 
99. 95'. Tritium is removed from waste 
gas streams by chemical processing. 
Solid radioactive wastes are packaged and 
shipped offsite for burial at approved 
burial sites. Wastes generated in the 
processing of explosive materials are 
collected and disposed of according to 
the Defense Armament and Research Command 
(DARCOM) Regulation 385-100 and OOE/EV/ 
06194-l. 

--An onsite, sanitary waste treatment plant 
provides secondary treatment, in accor• 
dance with o.s. EPA requirements [l), 

using an activated sludge process 
operating in the extended aeration mode. 
The waste treatment plant was upgraded in 
1986 to essentially tertiary treatment by 
the installation of a continuous backwash 
sand filter. All domestic sewage gen
erated onsite is treated in this 
facility. The influent and effluent at 
the sewage treatment plant are monitored 
for radioactivity to ensure no undetected 
discharge can occur to th• environment 
via the sanitary sewage plant. All 
wastewater, after appropriate treatment, 
is discharged from the site to the Great 
~iami River. Digested sludqe from the 
sewage plant is shipped offsite as lev 
specific activity ILSAI radioactive waste 
for burial at an approved burial site. 
Nonradioactive solid wastes are disposed 
of according to a recycling and reclama
tion program whenever possible. White 
paper, scrap metal, and wood are sold for 
reclamation. General refuse was trans
ported to a sanitary landfill site 
approved by both the state and county 

1988. 

containerized, 
Hazar::ous 

:nanifested, 
cffsite by a commer:ia:-.:.::c::s::::.L -~·as:~ 

disposal fi::n for treaOtent o:: ::.:s;:csa:. 
using EPA-approved procedures. 

Mound's compliance with regulatic::s ;:::e
scribed by DOE for the safety -& ~:s 

employees and the public has been :e~o::

strated throughout the history -- :~e 

facility. The fundamental objec::·:e -
the Mound Environmental Centro: ?::cq=~~. 

an ongoinq program since ~ounc ~eqa~ 

operations, is the containment o: =ac.:.o
active discharqes to levels wel: ·...-:-;~:~ 

the existing standards. Waste so;reams 
are monitored and controlled a: e~c~ 

operating step, resulting in no ~ore -;~a:: 

low-level releases of airbor~e or ~~~~:~ 

wastes to the environmen-:. Co:-.tro: 
techniques can be implemented because :: 
early detection, thus ensuring t!la: 
concentrations are well within exis':i!'lg 
standards and follow the "as-low-as
reasonably-achievable" IALARAl OOE ;uide
line. 

The same objective -- control to levels 
well within applicable standards 
applies to nonradioactive discharges. 
This is achieved primarily by directin; 
waste streams to the appropriate waste 
treatment systemr e.q., sewaqe treat~ent 

plant, solvent collection system, or 
filtration. ALARA guidelines are also 
maintained for nonradioactive di~charqes. 

As part of the Mound Environmenta: 
Program monitorinq functions, air. water. 
vegetation, foodstuffs, and sediment sam
ples are collected from the environme:-:-: 
at distances up to 64 Jcm I 40 mil fro~ 

Mound's boundaries. These samples are 
then analyzed for the specific radionu
c lides handled at Mound. A summary :! 

the monitoring program is snown '~ 

Table 2. 
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Table 2 - MON!TORING PROGRAM 

Air Surveillan~e 

Offsite: 14 lo~ations 

Onsite: 5 lo~ations 
Sta~x Emission: 10 lo~ations 

Water Surveillan~e - Offsite 

River: S lo~ations 
S lo~ations 

Pond: 7 locations 

Muni~ipal Drinkinq Water: 
12 lo~ations 

l loca~ion 

Well Water: 7 locations 
4 locations 

Water Surveillan~e - Onsite 

Effluent Water: 3 locations 

l location 

Well Water: 3 locations 
3 locations 

Silt Surveillan~e - Offsite 

River: S lo~ations 
Pond: 6 locations 

Veaetation.and Foodstuff Surveillan~e 

Veqetation: 6 locations 
Foodstuffs: 6 locations 

Environmental Level Surveillance 

Five Mediuma 

6 locations 

4 HTO,HT - Tritium 
Pu - Plutonium 
U - Uranium 

Samplinq 
Frequency 

Weekly 
Weekly 
Daily 

Weekly 
Monthly 

Quarterly 

Monthly 
Monthly 

Monthly 
Quarterly 

Daily 

Salimonthly 

Quarterly 

Weekly 
Monthly 

Quarterly 
Quarterly 

Annually 
Annually 

Monthly, 
Quarterly, 
or Annually 

aoc 5 - Five-dav biochemi~al oxyqen demand 
coo - Chemi~ai oxyqen demand 

HTO, Pu, par~i~ulate 

HTO, Pu, parti~u:ate 
HT, HTO, Pu, t: 

BTO 
Pu, u 

BTO, Pu, u 

HTO 
Pu 

BTO 
Pu, u 

Flow, suspended solids. 
BOD 5 , fe~al ~oliform, 

pH, oil and qrease, 
COD, residual chlorine, 
dissolved solids, HTO, 
Pu, 0 

Cyanide, ~hromium, 

~aamium, ni~kel, copper 

Total toxi~ orqani~s 

HTO 
Pu, o 

Pu 
Pu 

HTO, Pu 
HTO, Pu 

HTO, Pu, U 

• 

• 

• 
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The resul:s of :~e env:::or~en:a: analyses 
for 1988 are provided in :his repor: . 
The primary purpose of :he repor: is to 
detail what impact, i! any, ~ound's 

operations have had on the environment in 
1988. Several terms that are used 

descri~ed 

of various 
throuqhout this report are 
below. The concentrations 
radionuclides reported here that result 
~rom Mound's 
"incremental." 

operations 
The term 

denotes concentra<:ion 

are termed 
"incremental" 

value that 
exceeds normal environmental levels of 
the same radionuclide. The "environ-
mental level" is the backc;round concen
tration found in the environment at a 
distance from the plant where Mound· 
operations would have no impact. These 
environmental levels are subtracted from 
all onsite and otfsite data except where 
noted. Some individual values may be 
neqative and are included as such in 
averaqes. These values, it nec;ative, are 
reported as the averac;e environmental 
level (e.l.l. Environmental levels of 
radionuclides in various media as 
measured durinq l988 by Mound are shown 
in Table 3. 

The concentrations of radionuclides found 
in the environment are determined by 
subtractinc; the inserum.nt backqround and 
reaqent blanks from the sample count. 
This value was then used in averaqes. 
The incremental concentration vas ob
tained by subtractinq the environJMntal 
level fbackqround concentration) from the 
concentration measured in the various 
environmental media •• ' 

The lower detection limit ILDLI is shown 
for each set of data in this report for 
comparative purposes and for sinqle sam
ple evaluation. The LDL is the estimated 
standard deviation of the blanks at the 
95\ confidence level . 

e:-:-:: o: ~he es-:ima t.ed :nea!"'. .! -: ::-.e 

confidence level. These val:.les ~~:::.:.:::.: 

all sources o! varia!::Jili-:y ~~:::.:::.:..~~ 

samplinq, analyses, coun-:inq S':.!'::..s-::..:s. 
and the propaqa ted error i:wo l·,e~ ·.;:-:e :-. 

the environmental levels are su:::-:r!c-:e:: 
from the actual data. 

Summary 
The local environmen: around !-lou~:: ·.;as 
monitored primarily ~=-.:: 

plutonium-238. The results are ::epcr-:e:: 
for 1988. Environmental media ana:.yze:: 
included air, water, veqetation, ::oc
stuffs, and sediment. 

The averaqe concentrations of ?l\l<:or:i·.l..~-

238 and tritium were wi~hin -:he :CE 

interim air and water Derived Cor:cen~=a
tion Guides fDCGl for these radior:uclides 
(4,5]. 

The averaqe incremental concentratior:s c: 
plutonium-238 and tritium oxide i~ a;
measured at all offsite locations d\l:i~g 

1988 were 3.6 x 10-lS uCi/mi. and 9.6 x 
-12 10 uCi/mi., respectively. These corre-

spond to 0.01\ and 0.01\, respectively, 
of the CO! CCGs for uncontrolled areas 
[5). Details of the applicable standards 
are qiven in the Appendix. 

The averaqe incremental concentration o: 
plutonium-238 measured at all locations 
in the Great Mi&mi River durina 1988 was 
1.5 x 10-12 uCi/mL which is 0.0~4\ of ~he 
DOE CCC. The averaqe incremental concer:
tration of tritium measured at a'' 
locations in the Great Miami River du::inc 
1988 was 0.03 x 10~6 uCi/mL whic~ is 
0.0021 of the DOE CCG. 

Radionuclide e!!luent data for 1988 are 
summarized in Table 4. 

9 
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Table 3 - ENV!RONM!:NTAL CONC!:NTRAT!ONS OF RADIONOC:.!DES 
IN VARIOUS MEDIUMS IN 1988 

Plutoniwn-238 in a.ir4 • 0.2 ! 0.6 X 10-lS :.:Ci/lllL 

Tritiwn oxide in aira,f • 2.0 ! l.S X 10·12 uCi/mL 

Plutoniwn-238 in river wa.terb,f •.n.d. 

Tritium in river waterb • n.d. 

Plutoniwn•238 in surface waterc • n.d. 

Tritium in surface wa.terc • 0.02 t 0.09 X 10-6 
~oCi/m!. 

PlutoniWD-238 in well wa.terd,q • O.l : 1.4 X 10-12 uCi/ml. 

Tritiwn in wttll wa.ter4 • 0.06 :t o.os X 10-6 uCi/lllL 

Oraniwn-233,234 in well waterd,q • 0.2 :t 0.1 X 10~9 uCi/lllL 

Oranium-233,234 in river waterb • 0.7 :t 0.1 X 10-9 uCi/rnL 

OraniWD-238 in· well waterd,q - 0.2 : 0.1 X 10-9 uCi/mi. 

oraniWD-238 in river waterb • 0.7 :t 0.1 X 10-9 uCi/mi. 

Plutoniwn-238 in river siltb • 2.2 : 8.4 X 10-9 uCi/q 

Plutoniwn-2J8 in surface water siltb • 0.6 :t 1.7 X 10-9 uCi/q 

Tritium in qrassc,f • 0.2 :t 0.1 X 10-6 uCi/q 

Tritium in tomatoes• • 0.1 : 0.1 X 10-6 uCi/q 

PlutoniWD-238 in qrassc -O.l :t 0.3 X 10-9 uCi/q 

Plutoniwn-238 in potatoes • • n.d. 

PlutoniWD•238 in fish8 -n.d 

aMeasured at offsite sampler 119. 

bMeasured 32 kill 120 mil upstre&lll on Great Miami River.~ 

cMeasured 61 kill (J8 mi) southeast of Mound( p cw•.J 

~easured 58 Jail (36 mil southeast of Mound.. vJ e I I 
eMeasured 64 kill 140 mil west of Mound. 

f(n.d.l environmental level cannot be detected above reagent blanks. 

9Averaqe of monthly and quarterly values. 

• 

• 
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Table 4 - EFFLUENT DATA FOR 1988 

Radionuclide Medi:m~ 

Tritiuma,b,c aira,.b,c 

Tritium water 

Plutonium-238 air 

Plutonium-238 water 

Plutonium-239 air 

Plutonium-239 water 

Oranium-233,234 air 

Oranium-233,234 water 

Oranium-238 air 

Quanti tv 

3204 Cia,b,c 

4.1 Ci 

4.9 X 10-6 Ci 

1.0 X 10-3 Ci 

3.8 X 10-7 Ci 

4.1 X 10-6 Ci 

2.2 X 10-8 Ci 

3.4 X 10-4 Ci 

3.7 X 10-8 Ci 

aTritium oxide in air 1549 Ci 

bElemental tritium in air ~ Ci 

cTotal tritium in air 3204 Ci 

The average incremental concentrations of 

plutonium-238 found durinq 1988 in sur

face water was 0. OOU of the DOE DCG. 

The average incremental concentration of 

tritium in surface water vas less than 

0.005\ of the DOE DCG. 

All tritium in drinking water data is 

compared to the o. s. EPA Drinking Water 

Standard. When these comparisons are 

made, no environmental level is subtract

ed from the data. The average concentra

tions in local private and municipal 

drinking water systems were less than 16\ 

and l \, respectively, of the 0. S. EPA 

standard. 

The concentrations found in foodstuffs 

were extremely lov. Although no DOE DCG 

is available for foodstuffs, the average 

concentrations are a small fraction of 

the water DCG (0.04\1. Sediment samples 

were obtained at offsite surface water 

sampling locations. The concentrations 

of these samples were very low and 

therefore represent no adverse impact to 

the environment . 

The dose equivalent estL~ates 

average air, water, and foodst~:: ::~:e~

trations indicate that the levels ~=e 

0.6\ of the DOE standard of·lOO ~re~ ~~;. 

The air emission dose as calculated wit~ 

the EPA AIRDOS model is 0. 9\ of tl'le 

air emission standard cf 25 mrem. :-::-.e 

person-rem calculated to 80 km for t~e 

total population as a result of !'\o\,;::-.:: 

operations during 1988 was 10 persc~-=e~. 

Background radiation would result ·

approximately 300 mrem per persor. 

1,000,000 person-rem for the area. 

Data for the emission of nonradioact.i.·:e 

s~cies into the atmosphere are also 

presented. All of these emissior..s were 

28\ or less of the applicable air e~is

sions standard. 

A National Pollutant Discharge Eli.'Tii!'la

tion System INPDESI permit regulates 

nonradioactive pollutants in Mound's 

effluent water. The NPDES permit re

quires this effluent to be characterized 

by analyzing samples collected at four 

onsite locations. Mound effluents we:re 

analyzed by 722 NPDES measurements i~ 

1988. All measurements were in compli

ance with daily NPDES limits. ~ouno 

effluents, however, 

NPDES limits twice 

did exceed average 

during 1988. The 

sewaqe treatment plant effluent aver~gec 

21 mg/L BOD durinq the first week o: 

April, which represents 140\ of t~e 

weekly limit. The other exception 

occurred at outfall 002 during September. 

The monthly average discharge . of sus

pended solids was 32 mg/t, which repre

sents 107\ of the limit. Both exceptions 

were minor and did not-affect the wate: 

quality of the Great Miami River or its 

compliance with Ohio Stream Standarcs 

which are referenced in the Appendix. 



Environmental Surveillance 
Quality Assurance 
An essen~ial par~ of 

Assurance Program is 

reference samples from 

Mound's Quality 

the analysis of 

reliable outside 

laboratories. Mound analyzed reference 

samples during 1988 from DOE's 

Environmental 

IEML); from 

Measurements Laboratory 

the U.S. Environmental 

Protection Agency 

private laboratory, 

Group, Inc. CAPGl . 

(EPA); and 

Analytical 

The EML 

from a 

Products 

samples 

contained trace radionuclides in air 

filters, water, soil, and vegetation. 

The EPA and APG samples contained 

nonradioactive contaminants in water. 

Tables 5 and 6 [ 6, 7] summarize ~:;e ~ct:::c 

results of the DOE Quality Assessme::~ 

Program for l98e. Two-t~ircs o: ~cu::c'~ 

results agree with t~e reference ~~ 

results to within 20\. Two of !-l.ounc' s 

measured results on vege~ation anc two o:: 

soil were biased high or low by more t~a:: 

30\. Such biases pose no major ?roblem, 

however, because of the low levels o: 

uranium and plutonium being measurec. 

The Mound measured tritium in water for 

the March 1988 sample was 36% ~i;h. 

However, the sample had not bee:: 

distilled before liquid scintillation 

counting and it is believed that this 

accounts for the high Mound value. 

Table 5 - MOUND DOE QUALITY ASSESSMENT PROGRAM RESULTS 
RACIONOCLIDES IN ENVIRONMENTAL SAMPLES 

(MARCH 1988 SAMPLES) 

Mound EML Reference Ratio 
Concentration b c Concentration d Mound Concentration 

Isotoee lcCi/lg or mLll ' leCi/ lg or mLl l to EML Concentration 

Air Pu-239 2.42 t 6\ 2.52 t 3\ 0.96 :!: 0.06 
U-234 2.15 :!: 5\ 2.52 :!: u 0.85 :!: 0.04 
o-238 2.17 :!: 5\ 2.53 t 7\ 0.86 ± 0.07 

Soil cs-137 0.24 ± 4\ 0.4 ± 4\ 0.60 ± 0.03 
o-234 0.31 :!: 3\ 0.67 t 4\ 0.46 :!: 0.02 
U-238 0. 31 ± 9\ 0.69 ± 4\ 0.45 :!: 0.04 

Vegetation Pu-238 0.23 :!: 4\ 0.218 :!: 2\ 1. 06 :!: 0.05 
Pu-239 0.062 :!: 6\ 0.045 :!: 2\ 1. 38 :!: 0.09 
U-234 0.026 :!: 7\ 0.036 : 25\ o. 72 :!: 0.19 
U-238 0.029 :!: 17\ 0.036 ± 25\ 0.81 :!: 0.24 

Water R-3 28.1 t 3\ 20.7 ± 3\ 1. 36 :!: 0.06 
Pu-239 0.021 t 4\ 0.0243 :!: 9\ 0.86 :!: 0.09 
U-234 0. 0039 t 5\ 0.00425 :!: 7\ 0.92 ± 0.08 
0-238 0.0038 :!: 5\ 0.00425 :!: 9\ 0.89 :!: 0.09 

aAll samples were labeled 8803. 

bUnits are pCi/sample for air filters, pCi/mL for water, and pCi/g for soil and 
vegetation. 

cThe Mound error is the two sigma error based on counting statistics of replicate 
analysis. 

dThe EML error is the standard error of the mean. 
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Table 6 - MOUND DOE OOAL!~ ASSESSMENT PROGRAM R::s;:;:.:-s 
RADIONUC:.!DES IN ENVI RONM!:NTAL SAMPLES 

(SEPTEMBER 1988 SAMPLES I 

Mound EML Reference Ratio 
Concentration Concentration d Mound Concentrao;:.:::!"' 

Isotoce (cCi/la or mLIIb,c (cCi/ ra or rnLII to ::MI. Conceno;:-r;:.::::-. 

Air Pu-239 0.96 t " l. 09 ! 6% 0.88 : 0.08 
u-234 l. 94 : " 2.4 : 3% O.Sl : 0.06 
U-238 l. 82 t n 2.39 : 3% 0.76 : O.Oi 

Soil Cs-137 1 : 10\ 0.91 : S\ 1.10 : 0. 12 
Pu,.239 0.403 : " 0.38 : 2\ l. 06 : 0.08 

Vegetation Pu-239 0.038 t 15\ 0.021 ! 9% l. 81 : 0.32 
U-234 0.023 : 43\ 0.023 : 8\ l. 00 : C.44 
o-238 0.019 ! 42\ 0 .OlB ! 5% l. 06 : 0.45 

Water H-3 10.1 : u 10.6 : 4\ 0.95 : 0.04 
Pu-239 0.0049 ! 4\ 0.0054 : 8\ 0.91 t 0.08 
U-234 0. 0038 t 2\ 0. 0041 : 4\ 0.93 ! 0.04 
o-238 0.0038 : 2\ 0.0042 : 4\ 0.90 : 0.04 

aAll samples were labeled 8809. 

0 Units are pCi/sample for air filters, pCi/mL for water, and pCi/g for soil and 
vegetation. 

cThe Mound error is the two sigma error based on counting statistics or replicate 
analysis. 

dThe EML error is the standard error of the mean • 

Mound results of the 1988 EPA Quality 

Assurance Program for the determination 

of nonradioactive parameters in water are 

compared to the .EPA "true values• in 

Table 7. All eleven of the measured 

parameters were within the acceptance 

limits and the warning limits set by the 

EPA. This indicates excellent agreement 

between Mound's measured concentrations 

and the EPA reference values. 

Another part of Mound's Quality Assurance 

Program in the measurement of nonradio

active parameters in water involves the 

analysis of reference samples prepared by 

Analytical Products Group, Inc. IAPGI. 

Analysis of these APG samples is part of 

a Monsanto Company quality control 

program. EG&G Mound Applied Technologies 

will continue with the APG program at 

Mound in 1989. Mound analyzed four sets 

of APG samples in 1988, and these results 

are summarized in Table 7. The differ

ence between the Mound value and the APG 

reference value is expressed in the APG 

reports as the number of s-:andar:i 

deviations of the Mound value from t!'\e 

average determined for all participati~g 

laboratories. 

As seen in Table 8, the greatest observed 

number of standard deviations from the 

average was only 2. 3. The "EPA War~ing 

Limits" are 1.96 standard deviations :rom 

the average and "EPA Acceptance :Oimi ts" 

are 2.58 standard deviations from the 

average. Thus, all sa of Mound's 1988 

APG results are acceptable. 

Another essential part of Mound's Qua!i t:· 
Assurance Pro~ram is the determinao;icn c: 

:3 
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Table 7 - 1988 MOUND EPA-NPDES QUALITY ASSURANCE PROGRAM RESUL~S FCR 
THE DETERMINATION OF NONRADIOAC~!VE PARAMETERS IN WA~ER 

Parameters 

Cadmium 
Chromium 
Copper 
Nickel 

pH 

Total Suspended 
Solids lmq/Ll 

Oil and Grease 
lmq/Ll 

Total Cyanide 
lmq/Ll 

Total Residual 
Chlorine (mq/Ll 

coo 
5-day BOO 

Mound 
~a 

178 
790 
283 
551 

7.53 

62.8 

13.9 

0.456 

3.5 

24 
15.4 

EPA 
~ 

Acceptance 
Limits 

Trace Metals lma/tl 

180 
832 
291 
571 

158-208 
673-967 
263-319 
492-646 

Miscellaneous Parameters 

7.5 7.28~7.66 

56.3 44.9-67.7 

14.0 6.52-18.7 

0.46 0.308-0.587 

4.14 2.97-4.88 

Demands (mq/tl 

25 
16 

13.7-34.4 
7.54-24.4 

Warninq 
Limi~s 

164-202 
709-930 
270-312 
511-6:!7 

7.33-7.61 

47.7-64.9 

8.04-17.2 

C.343-0.S52 

3.22-4.63 

16.3-31.8 
9.63-22.3 

Pe===~a~=~ 
::valua-::.o:-: 

Acceptable 
Acceptable 
Acceptable 
Acceptable 

Acceptable 

Acceptable 

Accep~abl.e 

Acceptable 

Acceptable 

Acceptable 
Acceptable 

astandard deviations (precision) of Mound's values are qenerally :10' or less: 
for BOD, the standard deviation is closer to tJO,. 

Table 8 - SUMMARY OF MOUND'S PERFORMANCE IN THE ANALY~!CAL PRODUCTS 
GROOP PROFICIENCY ENVIRONMENTAL TESTING PROGRAM FOR 1988 

Parameter Measured 
in Water 

Biochemical Oxyqen Demand 

Chemical Oxyqen Demand 

Total Suspended Solids 

Oil and Grease 

pH 

Cyanide 

Residual Chlorine 

Cadmium 

Chromium 

Copper 

Nickel 

Parameter Ranqe 
Measured 

24.4-239 mq/L 

39.3-385 mq/L 

52.4-313 mq/L 

5.13-33.9 mq/t 

3.80-8.54 

0.14-4.09 mq/L 

0.21-6.12 mq/t 

18.6-208 uq/L 

37.2-222 uq/L 

36.0-218 uq/L 

66.6-254 uq/t 

Ranqe of Observed 
Number of Standard 
Deviations from 

the Average 

0.1-1.0 

0.1-2.3 

0.1-0.9 

0.1-0.4 

0.2-0.9 

0.1-1;2 

0.1-0.9 

0.1-1.6 

0.2-2.3 

0.1-1.7 

0.3-1.4 

• 

• 
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•blank values." A "blank value• is a 

measurement result for a contaminant 

deter.nined by carryi:1g out t!le chemical 

analysis procedure without a true sample, 

but rather using deionized water, a clean 

filter paper, or only the reagents used 

in the analysis. Analysis of •blanks• is 

essential because many of the samples 

analyzed show conta::tinant concentrations 

at or below the lower detec~ion limit of 

the analytical method being used. Ana
lyzing •blanks" is essential in veri!ying 

the absence of excessive laboratory con

tamination or detector background. Also, 
the standard deviation of the •blank 
values• is used to calculate lower detec
tion limits, which are given with each 

set of environmental data in this report • 

Additionally, :..nternal 

duplicate samples are :..:1c!udec *::~ se:s 

of environmental samples t~=~~~~ :~e 

analysis procedure. Approximately 20~ o: 

all samples analyzed are QC related. 

Other aspects of Mound's Environrnen:a: 

Section quality control program have bee::. 

documented in a quality control ma:-.ua: 
[ 8) . Summarizing, along with a :~r::~a: 

quality control program, the agreerne:".t 
between Mound measured concentra:io::.s a::.= 
reference values of EML, the EPA, or APG, 

indicates good reliability of t!le dat: 
generated in the routine envir~nmen:a: 

monitoring program. 

lS 



Air - Radioactive 
The offsite air-sampling network con

sisted of 15 continuously operating 

air-sampling stations used for sampling 

both tritiWD oxide and plutoniWD. Ten 

sampling stations 

1. 6 lcm lone mile) 

four samplers are 

are located within a 

radius of Mound, and 

located in or near 

population centers. The remaining sam

pler 11119) is approximately 44.8 lcm 

128 mil from Mound in the least pre-

vailinq wind direction. This sampler 

receives no measurable contribution from 

Mound operations and serves as a baseline 

sample for computing background environ

mental levels. 

The radionuclide concentrations from 

sampler t119 are subtracted from concen

trations detected at other locations. 

The. samplers currently in operation are 

located at critical distances and direc

tions, based on a diffusion model 

developed for Mound [ 9] . The locations 

of the samplinq stations are shown in 

Fiqure 1.. 

Two types of samples are collected at 

each sampling station. One is a par

ticulate air sample for plutoniWD-238 

analysis, and the other, from a bubbler

type sampler, is for tritium oxide 

analysis. The particulate sample is 

collected on a 200-111111 diameter Microdon 

disk by a continuously operating 124 hr/ 

day, 7 days/week) high-volume air sampler. 

The air is sampled at an average rate of 

1.3 x 10 6 c:mJ/min ("-45 ftJ/minl. The 

disk is changed weekly and represents a 

sample of approximately 13,000 mJ of air. 

Individual sample flow rates are used to 

calculate concentrations at each location. 

PlutoniWD-238 analyses were performed on 

a monthly composite for three- sampling 

locations, 1122, 1123, and tl24, and on 

16 

qua:<;erly composites for <;he c-::,er c::

site locations. 

The analytical scheme for plutonium- 2 38 

incorporates the following basic steps: 

use of an internal t:acer, chemica: 

treatment, separation of plutonium wi::: 

anion exchange resin, and alpha spec

trometry. 

The average incremental offsite plu<;oni

WD-238 air concentration for al!. loca

tions was 3. 6 x 10-lS uCi/mL, which is 

0. 01\ of the DOE DCG. The analyti::al. 

results are summarized in Table 9. 

Table 10 shows concentrations of plutoni

WD-239,240 and plutonium-238, including 

environmental levels for the sake of 

completeness. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling ai: at 

approximately 3 x 10 3 c:mJ/min through 

200 mL of ethylene glycol. Ethylene 

glycol is used because this material 

eliminates evaporation and freezing prob

lems associated with sample collection 

[101. Tritium (oxide) in the air is 

collected in the solution. Tritium oxide 

rather than elemental tritium is sampled 

and analyzed because about half of the 

tritium emission is in the oxide for:n, 

and the Derived Air Concentration is much 

more restrictive (25,000 times) than it 

is for elemental tritium [11). A sample 

representing ~30 mJ of air is collected, 

and an aliquot representing 0.15 mJ is 

counted in a liquid scintillation spec

trometer. The averaqe incremental con

centration of tritium- oxide measured 

during 1988 for all 

not including the 

found at sampler 

10- 12 uCi/mL. This 

offsite locations, 

environmental level. 

Ul9, was 9. 6 X 

concentration is 

• 

• 

• 
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Table 9 - INCREMENTAL CONCENTRATIONS OF ?LUTONIUM-238 
IN AIR AT OFFS!TE SAMPLING LOCATIONS IN 1988 

Number P1utonium-238 
of (l0-18 :.~Ci/:ntl Percen-: 

.. _ _,_ .... _ 

Location Samt~les Minimum a Maximum a Averaaea,b,c DO! DCG 

101 4 0.1 2.4 1.4 t 1.7 0.005 
102 4 1.7 20.4 8.2 t 13.3 0.03 
103 4 1.6 31.1 13.3 t 20.0 0.04 
104 4 0 0 2. 4.7 2.4 :t 3.7 0.008 
lOS 4 e.l. 0.6 0.3 t 0.9 0.001 
108 4 e.1. 0.2 0.002 t 0.7 0.000007 
110 4 e.l. e.l. e.1. 
111 4 ·e.l. 0.7 0.3 t 1.0 0.001 
112 4 e.l. 0.3 0.1 t 0.7 0.0003 
115 4 e.l. 0.4 e.l. 
118 4 0.4 1.9 1.1 t 1.3 0.004 
122 12 o.s 20.2 7.5 t s.o 0.03 
123 ll o.s 20.5 8.0 t 4.7 0.03 
124 12 2.4 16.3 7.1 t 3.2 0.02 

aAveraqe environmental level (e.l.} found in Table 3 is subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95\ confidence level.· 

CLower detection limit (LOL) for monthly values of plutonium-238 in air is 0.3 x 
10-18 11Ci/IIIL: for quarterly values, 0.1 x· 10-18 uCi/mL. 

dDOE DCG for plutonium-238 in air is 30,000 x lo-1 8 uCi/IIIL. 

0. 01\ of the DOE OCG. The results are 

summarized in Table 11. Environmental 
levels for plutonium-238 and tritium in 

air as measured at sampler 1119 are shown 

in Table 3. These environmental levels 
of plutonium-238 and tritium in air are 

subtracted from the sample data. 

An onsite perimeter network consisting of 

five continuous, high-volume air samplers 
is used to further assess the effec-
tiveness 

systems. 
of stack emission control 

The onsite sampling locations 
are shown in Fiqure 4. Particulate sam

ples and tritium samples are collected by 
the onsite samplers at approximately the 
same flow rate as the offsite samplers 

and are analyzed in the same manner. 

The averaqe incremental plutoniwn-238 
concentration measured for all locations 

onsite is 44 x lo-18 uCi/mL, which is 
0.1\ of the DOE DCG. The results are 

summarized in Table 12. Table 13 pre
sents onsite concentrations of plutoniwn-
239,240, and plutonium-238, including 
environmental levels, for the sake ~~ 

completeness. The quantity of plutonium-

238 discharged to the atmosphere duri:1g 
1988 was 4.9 x 10-6 Ci. 

The average incremental onsite · tri~ium 
oxide concentration for all locations was 
26 x 10-12 uCi/mL, which is 0.03\ of the 
DOE OCG. The results are summarized in 

Table 14. The quantity of tritium dis
charged to the atmosphere during 1988 was 

3204 Ci • 

17 
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Table 10 - CONC~NTRAT!ONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS !N AIR AT OFFSIT~ SAMPLING LOCATIONS IN 1988 

Number Plutonium-239,240 Plutonium-238 
of ll0- 18 uCi/mLl c1o-18 uCi/rn.!.l 

Location SamPles Minimum a Maximum Averag;el:l,c Averaaeb,c 

101 4 0.2 0.8 0.4 t 0.5 1.6 t 1.6 
102 4 0.2 0.3 0.2 t 0.08 8.3 : 13.3 
103 4 0.2 0.6 0.4 t 0.3 13.4 : 20.0 
104 4 0.03 0.4 0.2 t 0.3 2.5 : 3. 6 
lOS 4 0.1 0.9 0.4 t 0.5 0.4 : 0.6 
108 4 0.1 0.2 0.2 t 0.1 0.2 : 0.3 
110 4 0.1 0.2 0.1 t 0.1 n.d. 
111 4 0.2 0.3 0.2 t 0.1 0.4 : O.i 
112 4 0.1 0.2 0.1 :: 0.1 0.2 : 0. 4 
115 4 0.2 0.4 0.3 :t 0.2 0.1 : 0. 5 
118 4 O.l 0.3 0.2 t 0.1 1.2 : 1.1 
119 4 0.03 0.4 0.2 ± 0.2 0.2 : 0. 6 
122 12 n.d. 0.6 0.2 ± 0.2 7.7 : 5.0 
123 11 n.d. 0.4 0.1 ± 0.2 8.1 :: 4. 6 
124 12 n.d. 0.5 0.2 ± 0.1 7.3 : 3. 1 

4 The (n.d.) indicates that the values cannot be detected above the reagent 
blanks. 

b!rror limits are estimates of the standard error of the estimated means at 
95, confidence level. 

CLower detection limit (LOLl for monthly values of plutonium-238 in air is 
0.3 x 10- 18 uCi/mLf for quarterly values, 0.1 x l0- 18 uCi/mL. Lower 
detection limit ILDL) for monthly values of plutonium-239,240 in air is 
0.2 x 10- 18 uCi/mL; for quarterly values, 0.02 x lo-1 8 uCi/mL. 

Table 11 - INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1988 

the 

Number Tritium Oxide 
Percent o!d of no-12 uCi/mL) 

Location sameles Minimum a Maximum a Averag;ea.,b,c DOE OCG 

101 52 e.l. 109 13.3 ± 4.8 0.01 
102 52 e.l. 42.1 14.5 ± 3.1 0.01 
103 51 e.l. 163 16.2 ± 6.9 0 .• 02 
104 52 e.l. 60.5 10.7 ± 3.8 0.01 
lOS 52 e.l. 25.4 5.7 : 2.4 0.006 
108 so e.l. 33.1 4.9 t 2.5 0.005 
110 51 e.l. 12.6 l.S t 2.0 0.002 
111 51 e.l. 17.8 1.2 t 2.1 0.001 
112 52 e.l. 53.9 5.1 :: 2.8 0.005 
115 52 e.l. 13.2 l.l ± 2.1 0.001 
118 51 e.l. 34.2 s.s ± 2.6 0.006 
122 so e.l. 107 15.8 ± 6.6 0.02 
123 52 e.l. 241 2l.4 t 10.5 0.02 
124 so e.l. 100 17.0 ± 5.4 0.02 

a Average environmental level le.l.) found in Table 3 subtracted "from the data. 

b!rror limits are estimates of the standard error of the estimated means at the 
95' confidence level. 

CLower detection limit ILDL) for tritium oxide in air is 13 x 10- 12 uCi/mL. 

~OE DCG for tritium oxide in air is 100,000 x 1o- 12 uCi/mL. This value has 
been adjusted to include the fraction of tritium oxide that is absorbed 
through the skin as part of the inhalation pathway. 

• 
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Table 12 - INCREMENTA!. CONCENTRA~:ONS OF PLOTONIUM-238 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1988 

Number Plutonium-238 
of no-18 uCi/mLI Percent 

Location Samples Minimum a Maximum a Averaaea,.b,c DOE DCG 

211 12 9· 313 80 ± 64 0.3 

212 12 2 85 13 ± 15 0.04 

213 12 21 146 61 ! 22 0.2 
214 11 5 354 58 ! 63 0.2 
215 12 1 19 6 ! 3 0.02 

aAveraqe environmental level (e.l.l found in Table 3 subtracted ~rom the data. 

bError limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

CLower detection limit ILDLI plutonium-238 in air is 0.3 x lo-18 uCi/mL. 

dDOE DCG for plutonium-238 in air is 30,000 x 10-18 uCi/mL. 

Table 13 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN 1988 

Number Plutonium-239,240 Plutonium-238 
of no-u uCi/mL) no-18 uCi/mLI 

Location SamPles Minimum a Maximum Averageb,c Averaaeb,c 

211 12 n.d. 2.9 0.8 ± 0.6 80 ± 

212 12 n·.d. 0.8 0.2 ± 0.2 l3 ! 

2j,3 12 n.d. 1.3 0.6 % 0.2 61 :!: 

214 11 n.d. l.l 0.4 ± 0.2 58 t 

215 12 n.d. 0.7 0.3 ± 0.2 6 t 

aThe (n.d.) indicates that the values cannot be detected above the reagent 
blanks. 

64 
15 
:!2 
63 

3 

bError limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

CLower detection limit (LOLl for monthly values of plutonium-238 in air is 
0.3 x 10-18 uCi/mL. Lower detec~ion limit ILDLl for monthly values of 
plutonium-239,240 in air is 0.2 Y. 10-18 uCi/mL. 

• 
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Table 14 - INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1988 

Number Tri':ium Oxide _, 
of no-12 uCi/mLl Percent o:-

Location SamDles Minimum a Maximum a Averaoea,b,c DOE DCG 

211 so e.l. 147 20.8 t 7.8 0.02 

212 51 l.4 81.1 24.1 : 6.1 0.02 

213 51 2.3 502 40.6 : 19.5 0.04 

214 51 e.l. 165 24.5 t 10.0 0.02 

215 52 e.l. 189 22.2 : 9.6 0.02 

&Average environmental level (e.l.l found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at ':he 
95\ confidence level. 

cLower detection limit (LDL) for.tritium oxide in air is 13 x 10- 12 uCi/mL . 

dDOE DCG for tritium oxide in air is 100,000 x 1o- 12 uCi/mL. This value has 
been adjusted to include the fraction of tritium oxide which is absorbed 
through the skin as part of the inhalation pathway • 
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Air - Nonradioactive 
The primary source of nonradioac~ive air

borne emissions is the Mound steam power 

plant. This plant is normally fueled 

with natural gas, but ca~ burn fuel oil. 

Fuel oil with <l\ sulfur content is 

burned during unusually cold weather if 

the natural gas supply to Mound is inter

rupted. Approximately 495,000 liters 

(131,000 gall of fuel oil were burned 

during 1988. 

Tat>le 1.5. The emissions were es-::.::1a-:::: 

from emission fac:ors established ~~ -:~• 

U.S. EPA [12]. Emission fac~ors a:low 
calculation 

quanti t:r of 

of emissions based o:-: 

material used or 

Nonradioactive airborne emiSSlO!'lS 

Mound were all within applicable s-:a:"!

dards and had minimal impac~ or: ambier:-; 

air quality. This is fur~her demo:-:

strated by the particulate concer:tra-:io:-: 

data summarized in Tables 16 and 17. 

The data presented are weekly particula~e 
concentrations measured at Mound's 

offsite and onsite air-sampling Sltes 

(Figures 1 and 4). The particulate 

concentration at onsite locations is 

qenerally within the range of the offsite 
locations. The particulate concentratior: 

also appears to be independent of dis
tance from Mound. This would suqqest no 

influence from Mound operations. The 

State of Ohio - Ambient Quality Standarc 

• 

Additional sources of airborne emissions 

are as follows. A waterwash, paint spray 

booth is operated intermittently in the 

Mound paint shop. Wastes from operations 

involvinq explosives are disposed of by 

open burning under a permit issued by the 

Regional Air Pollution. Control Agency 

IRAPCAl. Fi~e-fiqhter training exercises 

are held at an open outdoor facility 

under a burning permit issued by RAPCA. 

No exercises were held durinq 1988 

because of other work being performed in 

the training area. for airborne particulates is also giver: • 
in Table 16 for comparison. 

Emissions from sources and the applicable 

emission standards are summarized in 

Table 15 - NONRADIOACTIVE AIRBORNE EMISSIONS - 1988 

Emission 
Source Pollutant 

Powerhouse Particulates 

Powerhouse Sulfur Oxides 

Paint Shop Organics 

E:~losives Particulates 
Burning 

Fire Fighter Particulates 
Training 

Emission 

0.006 lb/10 6 Btu 

0.009 lb/10 6 Btu 

6.1 lb/day 

10 lb 

None 

Input 

Input 

0. 02 lb/10 6 Btu 

1.6 lb/10 6 Btu 

40 lb/day 

NA 

NA 

aOhio EPA Air Pollution Regulations 3745-17-10, 3745-18-06, and 3745-21-07. 

NA - Not applicable. 
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Standard 

28 

0.6 

NA 
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Table 16 - 1988 PART!CL~T~ CONCENTRATIONS OFFS!T~ 

Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

119 

122 

123 

124 

Number 
of 

Samoles 

52 

52 

52 

52 

52 

52 

52 

51 

52 

so 
52 

52 

51 

48 

so 

Par~iculatesa 
(uaf!!ll) 

Minimum 

33 

16 

18 

15 

15 

28 

9 

9 

3 

7 

7 

7 

13 

23 

7 

Max :.mum 

15 9 

71 

59 

127 

61 

350 

57 

148 

58 

142 

79 

91 

88 

77 

82 

aOhio Ambient Air Quality StanQarQ • 60 ugfml 
(annual geometric mean). 

Annuala,b 
Ari~!mte~ic 

Average 
(ua/ml) 

64 ! 7 

35 ! 3 

32 ! 3 

45 ! 7 

33 : 3 

58 ! 13 

30 : 3 

61 : 9 

28 : 3 

47 : 8 

35 : 4 
34 ! 5 

36 : 4 

41 : 4 

36 : 5 

bError limits are estimates of the stanQarQ error of the 
estimateQ means at the 95\ confiQence level . 

These Qata are obtained by the MounQ air monitoring program 
and are inQicative only of the particulate air loading of 
the Dayton metropolitan area. Mound particulate Qischarges 
presented in Table 14 make a negligible contribution to the 
surrounding area. Table 16 presents onsite particulate Qata. 

Additionally, since the Ohio Ambient Air Quality StanQard 
is not baseQ on continuous sampling, a Qirect comparison to 
the stanQarQ is not appropriate. The arithmetic average is 
used for Mound's data, which will give a higher value than 
the qeometric mean technique. 

Table 17 - 1988 PARTICULATE CONCENTRATIONS ON SITE 

Annual a 
Number Particulates Arithmetic 

of (ug:fml) Average 
Location SamJ2les Minimum Maximum (ug:/ml) 

211 so 5 73 41 t 4 

212 so 5 62 31 : - 4 

213 51 2 126 57 : 6 

214 so 7 59 34 ! 3 

215 48 2 51 28 ! 3 

aError limits are estimates of the stanQ&rd error of the 
estimated means at the 95% confidence level . 
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Water- Radioactive 
Water sampling locations along the banks 

of the Great Miami River were selected 

according to guidelines recommended by 

the U. S. EPA [13). The locations, shown 

in Fiqure 5, provide samples that are 

representative of river water after 

considerable mixing of the effluent from 

Mound has occurred. Water samples are 

collected at these locations monthly and 

weekly and are subjected to specific 

analyses for plutonium-238 and tritium, 

respectively. 

Water samples are collected and analy~ed 

for plutonium-238 on a monthly basis. 

The average incremental concentration of 

plutonium-238 measured for all locations 

_in the Great Miami River was 1.5 x 

- 10-12 uCi/mL, which is 0 .• 004t of the DOE 

DCG. These results are summarized in 

Table l8. 

Weekly samples are analy~ed for tritium. 

The average incremental concentration of 

tritium measured at all locations in the 

Great Miami River was 0.03 x 10-6 uCi/mL, 

which is 0. 002\ of the DOE DCG. These 

results are summarized in Table 19. 

Uranium-233, 234, and 238 were also moni-

tored at the river water sampling 

locations during 1988. The average incre

mental concentration of uranium-233, 234 

was 0.02 x 10-9 uCi/mL, which is 0.004\ 

of the DOE DCG. The average incremental 

concentration for uranium-238 was 0.01 x 

10-9 :.~Ci/mL, which is 0. 002\ of the DOE 

DCG. Additionally, as shown in Table 20, 

the ratio of uranium-233,234 to uranium-

238 is slightly greater than unity, which 

is in range of background ratios reported 

[ 14]. This is expected as a result of 

secular equilibrium and indicates that 

the uranium is naturally occurring. 
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The total discharges ':::l t!le Grea-: ~.:.a::::. 

River during 

10- 3 Ci of 
1988 consiste~ -.: :. 0 x • 

plutonium-238, 4. l :.:. -.: 

x 10-4 Ci of urani~-2JJ, tritium, 3.4 

234, and 4.1 x 10-6 Ci of plu-:oni~~-23?. 

The average concentrations of -:!lese 

materials in the discharge system were: 

plutonium-238, 0.44 x 10-9 uCi/mL; -::-.:.

tium, 5.7 x 10-6 uCi/mL; uranium-233,23~ 

0.29 x 10-9 uCi/mL; and plutoni~-233, 

0.003 x 10-9 uCi/mL. The percentages c: 

DOE DCG for these concentrations 

plutonium-238, 1.1%; tritium, O.H; 

uranium-233,234, 0.06%; and plutoni~-

239, 0.01\. 

Seven additional surface water locati::lns, 

such as ponds, in all quadrants surround

ing Mound as shown in Fiqure 5 a~c 

samplec quarterly for plutoni~'n a:::! 

tritium analyses. The average concentra

tions of plutonium-238 and tritium for 

all locations were 2.3 x 10-12 uCi/mL ar.d 

0.1 x 10-6 iiCi/ml., respectively, which • 

are 0.006\ and 0.005\, respectively, of 

the DOE DCG. The results of the surface 

water samples are summarized in Tables 21 

and 22. Environmental levels (Table 3 l 

have been subtracted from the concent:-a-

tion of plutonium and tritium in water. 

Drinking water from communi ties in the 

surrounding area is sampled and analyzed 

monthly for tritium. These communi ties 

and their relative locations are shown in 

F iqure 5. The average concentration of 

tritium for all locations was 0.1 nCi/: 

which is 0.5\ of the standard adopted by 

the U.S. EPA in 1977 for communi ':y 

drinking water systems_. Data from the 

·analyses of community drinking wate:

samples are summarized in Table 23. The 

environmental level in Table 3 for 

tritium in water is not subtracted fro!!'. 

these data because the EPA standar:! 

• 
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Table 18 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN THE GREAT MIAMI RIVER IN 1988 

Number Plutonium-238 ,.. 
of (10 -l.Z uCi/mL) Percen<: c:-

Location Samcles Minimum a Maximum a Averaaea,b,c oo:: oc:; 

1 12 e.l. 11.3 0.8 :t 4.-5 0.002 

2 12 e.l. 9.3 1.1 :t 4.3 0.003 

3 12 e.l. 9.5 2.2 :t 3.9 0.006 

4 12 e.l. 12.7 2.1 :t 5.7 0.005 

5 12 e.l. 7.8 1.3 :t 3.6 0.003 

aAveraqe environmental level (e.l.l found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at ':~e 
95% confidence level. 

CLower detection limit (LOLl plutonium-238 in water is 9.2 x 1o- 12 uCi/m.L. 

dDOE OCG for plutonium-238 in water is 40,000 x 1o- 12 uCi/mL. 

Table 19 - INCREMENTAL CONCENTRATIONS OF TRITIUM 
IN 'l'D GREAT MIAMI RIVER IN 19 8 8 

Number Tritium 
Pereent ofd of (10 -6 uCi/m.L) 

Location Samples Minimum11 Maximum11 Averaqea,.b,c DOE DCG 

l 48 e.l. 0.2 0.01 :t 0.06 0.0005 

2 48 e.l. 0.4 0.04 :t 0.06 0.002 

3 48 e.l. 0.4 0.04 :t 0.06 0.002 

4 48 e.l. 0.3 0.04 :t 0.06 0.002 

5 48 e.l. 0.3 0.03 :t 0.06 0.002 

aAveraqe environmental level (e.l.) found in Table 3 subtracted from the.data. 

b::rror limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

CLower detection limit ILDL) for tritium in water ·is 0.1 x l0- 6 uCi/m.L. 

dOOE OCG for <:ritium oxide in water is 2,000 x 10- 6 uCi/mL. 

• 
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Nuaber 
of 

Saaplea 

12 

12 

12 

12 

12 
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Table 20 - INCREHENTAL CONCENTRATION OF URANIUH-211,214 AND URANIUH-218 
IN THE GREAT HIAHI RIVER IN 1988 

Uranlua-2)],214 Uranlua-238 
( ao-9 I!Ct/aL) Percent ofd (I 0-9 I!CI/1111.) 

Hlnlaua a Haxlauaa Averaaaa,b,c DOl! DCG Hlnlaua a Haxlaua a Average 
a,b,c 

e .1. 0.4 0.1 ! 0.2 . 0.0.2 e.l. 0.1 0.1 t 0.2 

e.l. 0.1 e.l. e.l. 0.2 e.l. 

e .I. 0.1 e.l. e.l. 0.2 e. I. 

a.l. 0.2 e.l. e.l. 0.2 e. I. 

e .I. 0.2 e.l. e .I. 0.1 e .I. 

8 Average envlronaental level (e.l.) found In Table l subtracted froa data. 

bError llalta are eatlaates of the standard error of the estlaated aeans at the 9SI confidence level. 

Rat lo e 

Uranlua-233,214 

Uranlua-218 

1.1 

1.2 

1.1 

I. I 

1.2 

CLower detection ll111lt (LDL) for uranlua-231,214 Is 0.01 x I0-9 ~CI/aL. The LDL for Uranlua-218 Is 0.01 x to-9 ~CJ/aL. 

d()(Jt:: OCG for uranlu•-2ll,214 In water Is SOO x to-9 ~CI/aL. The DOl! OCG for ursnlua-218 Is 600 x to-9 ~CI/al •• 

et:nvlronaenlul level not subtracted froa these dats. 

•• 
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Table 21 - INC~~NTAL CONCENTRA~!ON OF PLUTON!UM-238 
IN SURFACE WATER IN 1988 

Number Plutonium-238 ... 
of !l0-12 !!Ci/mLl Percent o:-

Location Samcles Minimum a Maximum a 

11 4 e.l. 6.7 

12 4 e.l. 2.0 
13 4 0.6 12.5 
14 4 e.l. 3. 6 

15 4 e.l. 1.1 
16 4 e.l. 0.1 
17 4 e.l. 25.4 

Averaaea,b,c 

4.1 t 6.6 

0.3 t 5.1 

3. 7 t 10.4 

0.4 t 5.9 

e.l. 

e.l. 
7.8 t 19.8 

DOE DCG 

0.01 

0.0008 

0.009 

0.001 

0.02 

aAveraqe environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95' confidence level. 

CLower detection limit (LDL) plutonium-238 in surface water is 2.3 x 10-12 uCi/mL. 

dDOE DCG for plutonium-238 in water is 40,000 x 10-12 uCi/mL. 

Table 22 - INCREMENTAL CONCENTRATION OF TRITIUM 
IN SURFACE WATER IN 1988 

Number Tritium 
Percent ofd of 110-6 J,!Ci/mLl 

Location Samcles Minimum a Maximum a Averaqea,b,c DOE DCG 

11 4 0.1 0.9 0.3 t 0.6 0.02 

12 4 e.l. 0.2 0.1 t 0.2 0.005 

13 4 e.l. 0.2 0.1 t 0.2 0.005 

14 4 e.l. 0.2 0.1 t 0.2 0.005 

15 4 e.l. 0.2 0.1 t 0.2 0.005 

16 4 e.l. 0.1 0.001 t 0.2 0.00005 

17 4 e.l. 0.3 0.1 t 0.2 0.005 

aAveraqe environmental level (e.l. l found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95' confidence level. 

CLower detection limit (LOLl for tritium in surface water is 0.2 x 10-6 uCi/mL. 

dDOE DCG for tritium in water is 2,000 x 10-6 uCi/mL. 

• 
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Table 23 - TRITIUM LEVE:!:.S !N COMMUNI':'Y DRINKING WATER !S 1988 

Number Tr:..tium ?e::-::e::-: 
0~ !nCi/Ll c: !:?A 

Location Samoles Minimuma,d Maximum a a ~ -Averaae ' '~ Sta::.ca::-::: 

Bellbrook 12 n.d. 0.2 0.04 : O.i 0.2 
Centerville 12 n.d. 0.2 0.1 ! 0.1 0.5 
Dayton 12 n.d. 0.2 0.03 : 0.1 0.2 

Franklin 12 0.1 0.4 0.2 ! 0.1 !.0 
Gerl!lantown 12 n.d. 0.1 0.1 ! 0.04 0. 5 

Kettering 12 n.d. 0.2 0.1 ! 0.1 0. 5 
Miamisburg 12 0.3 0.7 0.5 ! 0.1 , -•• :l 

Middletown· 12 n.d. 0.2 0.1 ! 0.1 0. 5 

Moraine 12 n.d. 0.2 0.04 : 0.04 0.2 

Springboro 12 0.1 0.5 0.2 : 0.1 1.0 

Waynesville 12 n.d. 0.2 0.01 ! 0.1 0.1 

West Carrollton 12 n.d. 0.1 0.1 : 0.03 0.5 

aAverage environmental level (e.l.) not subtracted from the data. The EPA standar: 
of 20 nCi/L assesses total concentration including background. 

0Error limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

CLower detection limit (LOLl for tritium in community drinking water is 
0.1 nCi/L. 

d(n.d.) Analytical result cannot be detected above reaqent blanks . 

assesses total concentration includinq 

background. 

Drinking water from private wells is also 

analyzed for tritium. The averaqe con

centration of tritium for all private 

well locations was 3.1 nCi/L, which is 

less than 16\ of the U.S. EPA Standard. 

These data are shown in Table 24. Most 

of the tritium in these wells has 

decreased consistently over the last few 

years and, during 1988, all of the •B• 

wells were discontinued as drinking water 

sources. Drinking water ~rom these 

discontinued wells was supplanted by 

municipal sources. Additionally, the 

average concentration o! tritium in 

Mound's onsite wells was 3.1 nCi/L, which 

is less than 16\ of the U.S. EPA 

standard. These data are shown i~ Table 

25. 

Four private wells and Miamisburg city 

water wer~ sampled and analyzed for 

plutonium-238. The averaqe incremental 

plutonium-238 concentration for these 

locations was 1.9 x 10-l2 uCi/mL, which 

is 0.005\ of the DOE DCG. These results 

are shown in Table 26. Additionally, the 

averaqe incremental concentration o: 
plutonium-238 in Mound's onsite wells was 

1.5 x 10-12 uCi/L, which is O.OQ4\ of the 

DOE OCG. These results are shown •

Table 27. 

Private wells and Miamisburg d~:..nkinq 

water were analyzed for uranium-233,234 

and uranium-238 during 1988. The ave::-age 

29 
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Table 24 - TRITIUM IN PRIVATE WELLS IN 1988 

Number Tritium Percent 
of lnCi/Ll o! EPA 

Location Samcles Minimum4 Maximum a Averaqea,b,c Standard 

B-1 15 2.0 3.5 2.9 t 0.2 15 

B-2 7 2.7 5.1 4.0 t 0.7 20 
B-3 1.2 0.6 3.1 .2.2 .t 0.6 11 

J-1 9 1.9 3.0 2.3 t 0.3 12 
8-B ll 2.9 4.7 3.8 t 0.3 19 
B-R ll 4.2 6.6 5.7 t 0.5 29 
TR-1 10 0.5 0.8 0.6 .t 0.1 3 

aAveraqe environmental level (e.l.l not subtracted !rom the data~ The EPA 
standard of 20 nCi/L assesses total concentration includinq background. 

bError limits are estimates of the standard error of the estimated means at the 
95' confidence level. 

CLower detection limit (LOLl for tritium in well water is 0.2 nCi/L. 

Table 25 - TRITIUM IN ONSI'l'E WELLS IN 1988 

Number Tritium Percent 
of lnCi/Ll of EPA 

Location Samples MiniliNIDa Maximum a Averaqea,b,c Standard 

71-1 41 1.5 5.6 3.5 t 0.3 18 

71-2 47 2.6 4.6 3.7 .t 0.2 19 

76-1 40 1.3 3.2 2.1 t 0.1 ll 

aAveraqe environmental level (e.l.l not subtracted from the data. The EPA 
standard of 20 nCi/L assesses total concentration includinq backqround. 

bError limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

CLower detection limit (LDL) for tritium in well water is 0.2 nCi/L. 

• 
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Table 26 - INCREMENTAL CONCENTRATION OF PLOTONIUM-238 IN PRIVATE WELLS 
AND MIAMcrSBORG MUNICIPAL DRINKING WATER IN 1988 

Number Plutonium-238 ... of (10 -12 uCi/mLl Percen<; of-
Location Sam-oles Minimum a Maximum a 

Miamisburg 12 e.l. 3~3 

B-1 4 e.l. 3.0 

B-2 2 e.l. 2.8 

B-3 4 e.l. 2.4 

J'-1 4 e.l. 21.8 

Averaqea,:C,c 

0.1 t 2.5 
l.O t 3.7 
0.7 t 26.7 
0.9 ! 3.9 
6.9 t 16.6 

DOE DC::; 

0.0002 
0.003 

0.002 
0.002 
0.02 

aAveraqe environmental level (e.l.l found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of·the estimated means at the 
95\ confidence le~el. 

CLower detection limit (LOLl for monthly plutonium-238 in drinkinq water is 4.5 x 
10-12 uCi/mL. The LDL for quarterly plutonium-238 is 2.1 x 10-12 uCi/mL. 

dooE DCG for plutonium-238 in water is 40,000 x 10-12 uCi/mL. 

Table 27 - INCR!!MENTAL CONCENTRATION OF PLOTONIUM-238 IN 
ONSITE WELL WATER IN 1988 

Number P1utonium-238 
Percent ofd of no-12 uCi/mLl 

Location Samples Minimum a Maximum b Averaqea,:C,c DOE DCG 

71-1 ll e.l. 7.0 1.5 t 2.9 0.004 

71-2 12 e.l. 6.4 1.4 t 2.6 0.004 

76-1 10 e.l. 6.5 1.7 t 2.7 0.004 

aAveraqe environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

CLower detection limit (LOLl for plutonium-238 in drinking water is 4.5 x 
lO- 12 uCi/mL. 

dDOE DCG for plutonium-238 in 'water is 40,000 x 10· 12 uCi/mL • 



incremental uranium-233,234 concentration 
was 0. 04 x 10- 9 uCi/mL, which is 0. 008\ 

of the DOE DCG. The average incremental 

uranium-238 concentration was 0.04 x 

10-9 uCi/mL, which is 0. 007% of the DOE 

DCG. Additionally, the average incremen

tal concentrations of uranium-233,234 in 

Mound's onsite wells were at the env~ron
mental level. The average incremental 
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concentration of uranium-238 was 0.00~ x 

10-9 uCi/mL, which is O.OOH o~ tl"le :c::: • 
DCG. These results are shown i:1 '!'ables 
28 and 29. 

These concentrations are in the ra:1ge 
found in ground water, and the ratio o~ 

uranium-234 to uranium-238 ( 1. 0 to L 3 l 

is also in the expected range [15]. 
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Table 28 - JNC:UHt:NTAl C:ONCf!NTRATION OF URANIUH-211,214 AND URANJUH-218 

IN I'KIVATE W~J.I.S ANIJ HIAHISBURC HI,JNit!IPAL ORINKINC WAUR IN 1988 

Uranlum-2ll, 2"14 Uranlum-238 

• 
Ratio 

e 

of (lo- 9 llCI/mL) Percent ofd (I 0- 9 IICI/•L) Uronlum-2JJ, 234 

l.ocntlon Samples Hlnlmu• 
8 Haxlaum a A a,b,c DOE DCC Hlnlaum a 

Haxl•u• 
a A a,b,c Uranlum-238 verase verase 

HlamiHburg 12 0.1 0.3 0.2 ! 0.1 0.04 0.1 0.3 0.2 ! 0.1 1.1 

8-1 4 e.l. 0.1 e. I. e.l. 0.03 e.l. 1.1 

8-2 3 e.l. e.l. e.l. e .I. e .I. e .I. 1.0 

B-) 4 e.l. 0.04 e.l. e.l. 0.02 e. I. 1.2 

.1-1 4 e.l. e.l. e .I. e.l. e.l. e .I. J.) 

0 Average envlronaentul level (e,l.) found In Table 3 subtracted from data. 

bError ll•lto are eotlaatea of the standard error of the estimated •eana at the 9Sl confidence level. 

CLower d~tcctlon ll•lt (LIJL) for uranlu•-233,214 Ia 0.01 x 10- 9 IICI/•L. The LDL for Uranlu•-218 Is 0.01 x Jo- 9 llCI/ml .• 

dllOE IICI; for uran1u•-2Jl,234 In water Ia SOO x J0- 9 llCI/•L. The DOE DCC for uranlu•-238 Ia 600 x 10- 9 llCI/ml. • 

. "Environmental level not subtracted fro• these data. 

1'able 29 - INCREMENTAL CONCENTRATION OF URANIUH-2ll,234 AND URANIIItl-218 
IN ONSITE WELL WATF.R IN 1988 

Nu•ber Uranlua-2JJ, 234 
Percent ofd 

Uranlum-218 
of (10 - 9 IICI/•L) oo- 9 IICI/mL) 

l.ocat ton Sa•plea Hlnl•u•a Haxl•u•a Averaaea,b,c DOE DCC Hlnl•u• 
a Haxl•u•a Averaae 

o,b,c 

11-1 II e. I. 0.02 e.l. e. I. 0.04 e. I. 

71-2. 12 e.l. o.os e.l. e.l. 0.02 e.l. 

76-1 10 e.l. 0.0) e.l. e .I. o.os 0.02 ! 0.1 

11Average envhunmental level (e. I.) found In Table l subt£acted f£om. data. 

"F.rror llaolls ore estimates of the standard e££or of the estimated means at the 9S% confidence level. 

Ratloe 
Uranlum-2JJ, 234 

Uranlum-238 

1.2 

1.1 

1.1 

•:I.UW<'I' olctcl:llun limit (1.111.) for uranlum-2.1l,214 Is 0.01 X w-'.1 JlCI/ml.. The 1.111 .. fur Uranlum-711! Is 0.111 X Ill' '.1 llCI/ml.. 

'1unE 111:1: fur unwlouu-2'1J,234 In w.~ler Is ~00 x Ill' 9 IJI:I/mL. The IJOJ,: IJCI; fur uranlum-218 Is t.llll x Ill 9 11CI/nol.. 

&.!'l·:nvlru•um·ulal lt~vt·l 1u•t suhtrat.·lctl f1u1a lllt~st~ data. 



Water - Nonradioactive 
Mound discharged an average o! 3. 0 mil

lion liters (0.79 million gallons) o! 

water per day in 1988 to the Great Miami 

River. Nonradioactive pollutants in this 

effluent water are regulated by a 

National Pollutant Discharge Elimination 

System (NPDESl permit. This permit, 

issued by the Ohio EPA, requires Mound to 

characterize its 

analyzing samples 

onsite locations. 

effluent water by 

collected at four 

A 24-hr composite, flow proportional 

sample and a grab sample are collected 

from discharges 001-A, 001-B, and 002. 

Discharge 001-A contains the effluent 

from the sanitary sewage treatment plant. 

Discharge 001-B includ~s storm water 

runoff, single-pass cooling water, cool

ing tower blowdown, zeolite softener 

backwash, boiler plant blovdown, and 

discharge from the radioactive waste 

disposal facility. Discharge 002 con

sists of single-pass cooling water, 

cooling tower blowc!own, zeolite softener 

backwash, and most of the plant storm 

water runoff. A time proportional sam

ple (8-hr composite) and a grab sample 

are collected from the electroplatinq 

facility at discharge 001-c. 

Mound's NPDES permit was renewed in 

October 1985 for a five-year period. The 

permit limits are found in Table 30 and 

in the Appendix. Results of effluent 

analyses for 1988 are summarized in 

Table 30. These water samples were 

analyzed for water quality parameters 

according to methods found in Standard 

Methods Edition 16 [16]. 

Water was not discharged from outfall 003 

during 1988. Well water has been 

discharged in previous years from this 

34 

outfall in conjunction . .,.i::: :::e ?o:at:.-: 

Water Standards ProJec:. 

There were 722 samples analyzed 

parameters durinq 1988. Mound ef!lue~':s 

did not exceed any daily maximum :i::-.:.. ':s 

in the NPDES monitoring during :~is yea=. 

Two average exceptions, howeve=, c•~ 

occur in 1988. The effluent BCD ===~ 

outfall 001A, the sanitary 

plant, was 21 mg/L on April 

treat.~e:-:::. 

~ 

', 
exceeded the weekly limit of :s :::;-/:.. 
This exception resulted after ~::e 

malfunction of a clarifier involving a 

sludqe return pump failure. ~~e 

treatment plant operations repaired ~he 

pump and added chemical coagulan~ 

minimize the washout of solids. Th~s 

action elevated the BOD of the e!fluen-; 

because the coagulant is biodegradable. 

The average suspended solids measured a: 

outfall 002 durinq September was 32 me;/:. 

This value was 107\ of the 30 mg/L limi~. 

No unusual circumstances were at~ributa

ble for this exception. The increase in 

suspended solids was caused by sci! 

erosion in storm runoff. 

Summarizing, Mound's 198a effluents were 

in compliance with daily NPDES lim:. ~s. 

The weekly averaqe !BOD) exception and 

the monthly averaqe (suspended solids) 

exception had no significant impac<; or: 

the water quality of the Great Hi~:. 

River. Data from the U.S. Geological 

Survey show that flow in the Great Miami 

River at Miamisburq in 1988 averaged 

744 million gallons per day IMGDI, wi~~ a 

minimum and maximum of 135 MGO anc 

7,687 MGD, respective~. The magni:~ce 

of this river flow is siqnifica~~:~ 

greater than Mound effluents, such -:::a-: 

Mound effluents did not affect <;he Grea-: 

Miami River and its complia~ce with Oh:..c 

Stream Standards as shown in ~he Apper:c~x. 

• 

• 

• 
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!able 30 - ~A!IONAL POLLu~~V! DISCHARGE ELL~~A!ION SYS~ DATA FOR 1988 

Mu:imWII 
Monthly 
Average 

SPDES Pe~i: ~~i:s 

Parlllleter 

Discharge 001-A 

No. of 
Samples 

Flow Rata, MDG
1 Cont. 

pH, s.u. 51 

Bioc:hamic:al Oxygen, 51 
Dem&nd, mg/L 

Suspended Solids, mg/L 51 

Fec:al Coliform, MPN/100 ml 28 

Residual Chlorine, mg/L 126 

Discharge 001-B 

Flov Rate, MGD 

Chem.ic:al Oxygen 
DUWld, mg/L 

Suspended Solids, mg/L 

Grease and Oil, mg/L 

pH, s.u. 

Dillc:harga 001-C 

Cyanide, mg/L 

Chroaium, ug/L 

Cadmium, ug/L 

Nic:ltal, ug/L 

Copper, ug/L 

pH, s. u. 

Total Toxic: 
C>Tganic:s, mg/L 

Discharge 002 

Flov Rate, MGD 

Suspended Solids, mg/L 

pH, s.u. 

Cont. 

51 

51 

12 

51 

24 

24 

24 

24 

24 

24 

4 

Cont. 

51 

51 

Minilllulll 

0.04 

7.2 

0.5 

1.0 

<2 

0.16 

0.00 

4 

1.8 

<0.5 

7.2 

<0.1 

<SO 

<10 

<SO 

<SO 

7.0 

< 1.1 

0.00 

3.3 

7.3 

0.23 

8.8 

21 

15.3 

1096 

0.41 

0.29 

1456 

48.3d 

2.2 

9.3 

0.17 

<SO 

27 

100 

267 

9.0 

<1.1 

2.50 

44.3 

8.5 

Annual 
Ave rase 

O.ll 

7.7 

4.8 

4.7 

46 

0.26 

0.07 

256 

18.3 

<0.8 

8.4 

<0.1 

<50 

<ll 

<SO 

<99 

7.6 

<l.1 

0.61 

19.5 

8.2 

0.13 

8.0 

10.0 

9.8 

131 

0.30 

0.10 

598 

27.5 

2.2 

8.9 

<0.13 

<50 

<19 

<75 

183 

8.2 

<1.1 

0.93 

32.1 

8.3 

c: 

9.0 

15 

30 

2000 

0.5 

c: 

c 

45 

10 

9.5 

1.0 

500 

100 

500 

500 

9.0 

2.13 

c: 

45 

9.0 

1 Inc:ludea flov fram 001-C. !ha aazimua flov fram 001-C is approximately 2000 gal/day. 

b pH also has a mintmua l~t of 6.5, and discharge 001-A has a seven-day average limit 
rather than a maximum limit. 

cNo limit applicable. 

d Rain exclusion. Suspended solids l~t shall not apply during a normal work weak in 
which rain equal to or greater than 1/4 in. per day occurs for three or mora days . 

!'1onth.ly 
Avera2e 

c 

: 

10 

15 

1000 
c 

c 

: 

30 
c 

c 

0.65 
c 

c 

c 

c 

c 

c 

JO 
c 
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Foodstuffs and Vegetation - Radioactive 
Various locally grown foodstuffs and 

vegetation samples are collected from the 

surrounding area. The intent of this 

portion of the Environmental Monitoring 

Program is to determine whether there is 

significant uptake and 

radionuclides by plant 

Samples were collected 

Centerville, Bellbrook, 

lin, and Germantown. 

Bellbrook are in the 

concentration of 

or animal life. 

in Miamisburg, 

Trotwood, Frank

Centerville and 

prevailing wind 

direction from Mound at a distance of 

eight km (five mil and 16 km (10 mil, 

respectively. Both communities are shown 

in Fiqure 1. Fish were collected in the 

Great Miami River. Mound's outfalls are 

shown as dotted lines in Fiqure 5. The 

plutonium-238 content of the foodstuff and 

vegetation samples is determined by ashing 

the samples, then proceeding with the 

same techniques used for plutonium-238 

Table 31 - I NCR!:..~ AI. PL!JTONIOM-238 

NWIIber 
Type of of 

IN 

Location &amole Samples 

Miamisburq Grass 4 
Potatoes 4 

Centerville G:-ass 4 
Potatoes 4 

Bellbrook Grass 4 
Potatoes 4 

Trotwood Grass 4 
Potatoes 4 

Franklin Grass 4 
Potatoes 4 

Germantown Grass 4 
Potatoes ~ 

Mound Fish 4 
(OUtfall to river) 

analyses of a •- samples 1 see se::-:~:::-: :::-

Air - Radioactive) . 

of the foodstuff and vegetation sa:::pl.es 

is determined by distilli~g t~e wate: 

from the sample, then analyzi~; -:~e 

distillate for tritium. The :esul ts c: 
the foodstuff, vegetation, and fis~ 

analyses are summarized in Tables 3! a~= 

32. The concentration is given i~ te~s 

of the sample weight (wet weight) befo:e 

ashinq or distilling. The samples __ 

aquatic life analyzed included only -:::.e 

edible, fleshy portions of fish. ':'hese 

analyses indicate no evidence of any 

significant uptake or concent:ation by 

plant or animal life of the radionuclides 

handled at Mound, and they are consiste~-: 
with data . obtained in previous yea:s 

(1980-19871. Environmental levels fc: 

foodstuffs and vegetation have been sub

tracted from the data (Table 31. 

FOODSTU!'!'S AND VEGETATION IN 1988 

Plutoniwn-238 
110-9 uCi/5[) 

Minimum a Maximum" Averaaea,b,c 

e.l. 0.1 e.l. 
e.l. 0.2 e.l. 

e.l. 0. l e.l. 
0.03 0.2 0.1 :!: a. 2 

e.l. 0.4 0.01 :!: a.6 
e.l. a.1 e.l. 

e.l. a. 1 e.l. 
e.l. a.1 a.a3 :!: a.J 

e.l. 0.4 0.1 :!: 0.5 
e.l. 0.2 0.1 :!: a.4 

e.l. 0.5 a.1 :!: 0.6 
a.02 0.1 o.a3 :!: a. 2 

e.l. 0.1 0.01 :!: a .1 

4 Averaqe environmental level le.l.l found in Table 3 subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 
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CLower detection iimit (LOLl for olutonium-238 in grass is 0.2 x la- 3 uCi/q. 
For olutonium-238 in ootatoes. the LOL is a.4 x 1a· 3 uCi/g. For plutonium-238 
in fish, the LtL is a:a7 x 1a· 3 uCi/g. 

• 
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Table 32 - INCREMENTAL CONCENTRATION 0~ TR~TIUM IN VEGETATION IN 1988 

Number 
of 

Tritium 
( 10- 6 uCi/g) 

Location 
Type of 
Samole Samo1es Averaaea,::,,:; 

Miamisburq 

Centerville 

Bellbrook 

Trotwood 

Franklin 

Germantown 

Grass 
Tomatoes 

Grass 
Tomatoes 

Grass 
Tomatoes 

Grass 
Tomatoes 

Grass 
Tomatoes 

Grass 
TOmatoes 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

0.1 
0.2 

e.l. 
e .1. · 

0.1 
e.l. 

0.02 
e.l. 

e.l. 
e.l. 

e.l. 
e.l. 

0.2 
0.4 

0.4 
0.03 

0.6 
e.l. 

0.4 
e.1. 

0.4 
e.l. 

0.1 
0.1 

0.1 : 0.1 
0.3 : 0.1 

0.01 : 0.4 
e.l. 

0.2 : 0.4 
e.l. 

0.2 : 0.3 
e.1.. 

O.l :!: 0.3 
e.l. 

0.03 : 0.2 
e.l. 

aAveraqe environmental level (e.l.) found in Table 3 subtracted from data. 

0Error limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

cLower detection limit ILDLl for tritium in qraf• is 0.1 x 10- 6 uCi/q. 
For tritium in tomatoes, the LDL is 0.07 X 10- uCi/q • 
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Silt - Radioactive The results of the silt sampl.e a:1a.:yses 
are found in Tables 33 and 34. ~c 

adverse impact to the enviroruneno; cou.::: 

be determined from the radionucli.C:e 
levels found in these sediments. 

Silt samples were collected from the 
river and surface water sample locations 
shown in Fiqure 5. 

38 

Table 33 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN SILT 
FROM RIVER SAMPLING LOCATIONS IN 1988 

Number Plutonium-238 
of ( 10-9 uCi/g:l 

Location Samcles Minimum a Maximum4 Averaqea,b,c 

1 4 e.l. 13 2 : 15 
2 4 29 98 65 : 46 
3 4 99 360 212 ! 173 
4 4 536 1463 973 : 693 
5 3 3 8 6 : 10 

aAveraqe environmental level (e.l. l found in Table 3 subtracted 
from data. 

bError limits are estimates of the standard error of the 
estimated means at the 95\ confidence level. 

CLower detection limit (LDLl for plutonium-238 in silt is 
0.5 X l0-9 uCi/q. 

Table 34 - INCREMENTAL CONCENTRATION OF PLOTONIUM-238 IN SILT 
FROM SURFACE WATER LOCATIONS IN 1988 

Number Plutonium-238 
of (10-9 uCi/g:l 

Location Sam:eles Minimum a Maximum a Averag:ea.,b,c 

ll 4 e.l. 4.0 1.4 : 3.4 

12 4 e.l. 0.6 e.l. 

13 4 e.l. 1.0 0.3 : 1.9 

14 4 e.l. 3.1 0.3 t 3.4 

15 4 e.l. 2.0 e.l. 

16 4 0.01 1.0 0.5 t 1.8 

aAveraqe environmental level (e.l.) found in Table 3 subtracted 
from data. 

0Error limits are estimates of the standard error of the 
estimated means at the 95\ confidence level. 

CLower detection limit (LDLl for plutonium-238 in surface water 
silt is 0.5 x l0-9 uCi/q. 

• 
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Evaluation of Effective Dose 
Equivalent to the Public 
The dose assessment techniques have been 

revised according to the Department of 
Enerqy qui de lines. The •effective dose 

equivalent• is used in the dose assess
ment evaluation in this report [4]. 

The effective dose equivalent values for 
the plutonium-238 and tritium exposures 

from the air, water, and vegetation 

pathways are calculated and SW!DIIed to 
estimate the max.imu:n dose at the site 

boundary and to the individual. The 
general assumptions used in these deter
minations follow. 

The solubility of ingested or inhaled 
plutonium-238 in the receptor is unknown. 
However, it is highly probable that most 

of the plutonium-238 is cxi.:!e 
form, which is very insoluble. !~ o~ce~ 

to provide a realistic but conserva~ive 

effective dose equivalent estimate, i~ is 
assumed that SO\ of the plutonium-238 
which is inhaled is soluble (class WI a~c 

SO\ is insoluble (class Yl. !': is also 

assumed that 
ingested is 
insoluble. 

the plutonium-238 

also SO\ soluble 
tha~ is 

and so~ 

The term •effective dose equivalen~," as 
used in this report, is that cumulative 
effective dose equivalent for a period c: 
SO yr from l yr of exposure to a give:; 
radionuclide. This effective dose equiva
lent is composed of the sum of the 
effective dose equivalents from the ai~. 

water, and foodstuffs pathways . 
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Dose Assessment Assumptions 
and Methodology 
The effective dose equivalent estimates 

for plutonium-238 and tritium were based 

on environmental monitoring data for 

1988. The estimates for maximum effec

tive dose equivalent in air at the site 

boundary and maximum effective dose 

equivalent to individuals were based on 

the maximum onsi te 

concentration of 

incremental average 

plutonium-238 and 

tritium (oxide I in air 

samplers (sampler 211, 

sampler 213, Table 14, 

froc onsite 

Table 12, and 

respectively) . 

These samplers are in proximity to the 

site boundary. 

The estimates for water for maximum 

effective dose equivalent at the site 

boundary and in individuals were based on 

the maximum average incremental concen

tration of plutonium-238 and tritium in 

wells. The maximum offsite average 

concentration o·f plutonium-238 was · the 

.r-1 location and for tritium it was the 

average at location B-R. 

The terms "maximum effecti";e :iose 

equivalent at the site bouncia!:"!" a::c 

"maximum effective dose equivalen-; --
individuals" refer to the maximum case 

equivalent for individuals to receive, 

assuming they remain at the s i <:e !::lou::cia: .. , 

24 hr/day, 365 days/yr. During -;~is con

tinuous occupancy, it is assumed <:ha<: <:he 

individual continually breathes air ~i-;~ 

maximum concentrations of radionuc~ides 

found at the onsite samplers. I<: is alsc 

assumed that the same individual consumes 

all his drinking water at the maximur.\ 

radionuclide concentrations found i:: 

offsite wells. In addition, the same 

individual is assumed to consume a 

portion of foodstuffs with the maxi;num 

radionuclide concentrations found o~~

site. All of these contributions, air, 

water, and foodstuffs, are added to 

obtain an estimate of the total maximum 

effective dose equivalent. The estimated 

• 

. contributions from each pathway and the • 

estimated total maximum effective dose 

equivalent are shown in Table 35. 

Table 35 - EFFECTIVE DOSE ESTIMATES 

MAXIMUM EFFECTIVE DOSE COMMITMENT AT THE SITE 
BOUNDARY AND TO INDIVIDUALS IN THE POPULATION 

Percent 
Plutonium Tritium Total of DOE 

Pathwa:z: lmreml (mreml tmreml tmSvl Standard 

Air 0.26 0.03 0.29 (0.00291 0.29 

Water 0.01 0.26 0.27 (0.00271 0.27 

Foodstuffs 0.0004 0.003 0.003 (0.000031 0.003 

TOTAL 0.27 0.29 0.56 (0.0056) 0.56 

• 
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The maximum dose to· an individual !rom 

Mound's operations is an estimatec 

0.56 mrem which is 0.6% of the DOE stan

dard of 100 mrem. To put this 0.56 mrem 
into perspective, one jet flight over the 

Atlantic would expose an individual to 

2.6 mrem [17]. In addition, if an indi

vidual from Ohio would move to Colorado 

for one year, he would receive an 

additional 75 mrem as compared to living 

in Ohio for that one year [18,19]. 

The person-rem dose equivalent estimate 

calculation was based on tritium (oxide) 

and plutonium-238 data from environmental 

air sampling stations in two ranges: 

0-8 1cm 1 o-s mil and 8-32 laD 1 s-20 mil . 

The 0-8 km ranqe includes 10 samplers 

within 1.6 laD (l mil of Mound. 

The averaqe concentration of tritium 

loxidel and plutonium in air was obtained 

by averaginq concentrations found at 10 

offsite tritium air samplers and then 

subtractinq the concentration found at 

sampler t119. From this averaqe concen

tration, a dose equivalent was determined 

and multiplied by the number of people 

from 0 to 8 laD. 

The average tritium (oxide) concentration 

from the four other offsite samplers 

(less the concentration at sampler 1191 

was used to obtain the person-rem from 8 

to 32 laD. Eiqht area segments from 8 to 

32 laD were obtained by lettinq each 

sampler represent one segment concentra

tion and the averaqe o~ two adjacent 

samplers represent another seqment. 

These seqment concentrations were then 

multiplied by their respective population . 

Using ~he concentrations !rom ~~e ==~= 

samplers and 

gives a more 

value. 

this averaging ~·=~~:~~e 

realistic populat~o~ :i:::se 

The person-rem from t:itium !oxide) ar:c 

plutonium-238 in community d:inking water 

was based on average conce:"!trations :::: 

tritium (oxide) and plu~oni~-238 '

various community water supplies, less 

appropriate environmental levels, a~:: 

weighting these concentrations w:.~:: re

spective populations. 

The person-rem from foodstuffs was basec 

on average incremental concentrations o: 
tritiUl!l (oxide) and plutonium-238 f:::unC: 

in foodstuffs weiqhted with assumed 

consumption quantities 

The total person-rem 

and population. 

was obtainec =: 
addinq the effect from the air, water. 

and foodstuffs pathways. 

It is estimated that the total population 

from 0 to 32 laD is receiving 10 persor.

rem from Mound's emissions. The remair:

inq population from 32 laD to 80 km C20 to 

50 mil is expected to receive negligible 

dose commitment from tritium loxidel ar.c 

plutonium-238 -.missions. Thus, the 

effective dose equivalent !rom Mound's 

emission is estimated to be 10 person-rem 

for the 0-80 km range. 

The population effective dose values from 

natural. radiation for comparison, ir:

cludinq cosmic rays, terrestria:, a~d 

internal radiation, would be approximate

ly 300 mrem per person or 1,000,000 

person-rem for the 0 to 80 km CSO mil 

ran~e [20]. 
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AIRDOS-EPA Calculations 
A copy of the AIRDOS-E:PA computer code 

was obtained from Oak Ridge National 

Laboratory IORNLl . Appropriate meteoro

loqical data for 1988 from the National 

Weather Service facility at Dayton were 

used. The computer code was executed for 

compliance with 40 CFR 61. These data 

are reported to the U.S. EPA. 
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Appendix 

Applicable Standards 
RADIOACTIVE STANDARDS 
In conformance with the u. s. Department 

of Enerqy memoranda •Radiation Standard 
for Protection of the Public in the 
Vicinity of DOE Facilities• (8/5/851 and 
•Preparation of Annual Site Environmental 
Reports for Calendar Year 1985• (2/28/86), 

environmental sample results were used to 
estimate doses to compare with the DOE 
and EPA standards listed below. 

RADIATION STANDARDS FOR PROTECTION OF THE 
PUBLIC IN THE VICINITY OF DOE FACILITIES 
Dose Limits 
l. ALL PATHWAYS 
The effective dose equivalent for 

_, member of the public from . all routine 
operations 1 (natural backqround 
medical exposures excluded) shall 
exceed the values qiven below: 

any 
DOE 
and 
not 

Effective Dose 
Eauivalent:a 

Occasional annual 
exposuresJ 

Prolonqed period of 
exposureJ 

mrem)yr imsv/yr) 

500 ( 5) 

100 (1) 

No individual orqan shall receive a 
committed effective dose equivalent of 
5 rem/yr (50 mSv/yrl or qreater. 

1 Routine CO! operations -an• normal planned 
operations and does not include aeeual or 
potential, aeeidan~l or unplanned releases. 

3 ~tteetive dose equivalent will be expressed in 
rem Cor llli.ll.i.ral with the corresponc!inq value 
in Sievert Cor milliSievertl 1n parenthesis. 

~For the purpose• ot theee etandarda, a prolonqed 
exposure will be one that lasts, or is ~reciieted 
to laet, lonqer than 5 years. 

2. AIR PATHWAY ONLY 
(Limits of 40 CFR 61, Subpart Hl 

Dose Eauivalen-: 
mrem/v::-

Whole body dose 25 ( 0. 25) 

Any orqan iS (0. 75) 

Drinking Water 
As of June 24, 
water quality 

1977, community drinking 
is requlated by ~he 

EPA National Interim 
Water Requlations 

Primary Drinking 
for Radionuclides. 

The new standard for tritium • 20 x 
10-6 uCi/mL (20,000 pCi/L). 

~ 
There are no quidelines established :o::-

radioactive species in soil. (The u.s. 
EPA has quidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

~ 
The Ohio EPA has issued a discharge 
permit under NPDES requlations qoverning 
Mound's liquid effluent streams. This 
permit is for the period from October 1. 
1985, to September 27, 1990. The dis
charqe limitations for each effluent 
stream are as follows: 

Diac:h&r9e 001-A 
EPA 1601 

BODS (mq/t.l 

Suspended Solids (IIICJ/Ll 

Peeal Colitorm• Cn/100 mLl 

pH (a.u.) 

•May 1 throuqh October 3 1 

7-day 
Averaae 

0.5 

lS. 

30. 

2000. 

Montilly 
Ave:-aae 

10. 

!5. 

1000. 

6.5 - 9.C 
Cdaily li.mi~l 
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Discharae 001-B 
EPA i602 

COD (mg/Ll 

Suspended Solids (mg/Ll 

Oil/Grease (mg/Ll 
pH (S.U.) 

Discharge 001-c 
EPA t603 

Cyanide lmq/Ll 
Chromium (ug/Ll 
Cadmium (ug/Ll 
Nickel (ug/Ll 
Copper (uq/Ll 
Total Toxic Organics 
(l/quarterl (ug/L) 

Discharae 002 
EPA t002 

Suspended Solids 
pH (S.U. l 

Dailv Monthlv 
Limit Linii <: • 

(Monitor only) 

45. 30. 
10. 

6.5-9.5 

Daily Monthly 
~ Limit 

1.0 0.65 
500. 
100. 
500. 
500. 

2130. 

Daily Monthly 
~ Limit 

45. 30. 
6.5-9.0 

The Ohio EPA has · established Water 
Quality Standards (3745-1-01-3745-1-09). 
The standards listed below are excerpted 
from these regulations. These standards 
are stream standards and apply to a 
stream beyond a suitable mixing zone 
permitted :or discharges. They should 
not be compared with effluent concentra
tions. 

Constituent 

Dissolved OXygen 

pH lpH units) 
Fecal Coliform (N/100 mLl 
Dissolved Solids 
Ammonia 
Arsenic 
Barium 
Cadmium 
Chloride 

46 

Average 
Concentration 

lmg/L) 

5.0 

6-9 
200 per 100 mL 

1500 
1.5 
0.05 
0.8 
0.005 

250 

Consti<:uent 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 
Foaming Agents IMBAS) 
Iron 
Lead 
Manganese 
Mercury 
Oil and Grease 
Phenols 
Selenium 
Silver 
Copper 
Zinc 

Ave:-ace 
Concent:-a tio:-. 

lma/Ll 

0.05 

0.005 

! . 3 

o.s 

0.04 
1 

0.0005 
5 

0.01 
0.005 
o.oo: 

0.005 - 0.075* 
0.075 - 0.5* 

*Dependent on caco3 hardness. 

Effective Dose Equivalent Calculations 
The effective do•es from both plutonium-

• 

238 and tritium oxide are calculated in a 

similar manner then summed for the signi- • 
ficant pathways. The result is one value 
which represents a weighted result which 
is compared to the DOE standard shown 
above. 

The technique in detail involves deter
mining the concentration of the radio
nuclide through environmental monitoring 
then calculating the total effective dose 
equivalent by: 

DE • 

where 

OE • total Effective Dose Equivalent 
(Dose integrated through 50 years 
from 1 year of exposure) 
(mrem/50 year). 
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N 
tR • Sum of the different radionuclides 
1 

p 
r • Sum of the different pathways -
1 air, water, and foodstuff 

CR • Averaqe concentration of the 
radionuclide 

Ia = Annual intake of the environmental 
media [1,2] 

oF • Dose factors for the particular 
radionuclide and type of intake 

[ 3 J 

Conversion factor to convert 
various units into units which 
can be used with DOE effective 

dose conversion factors 
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Foreword 
This report was prepared by the Environmental Section of the 

Administration Department at Monsanto Research Corporation - Mound 

pursuant to DOE Order 5484.1 for the c-alendar year 1987. Sample 

analyses and data reduction were performed by the Environmental 

Laboratory Group. Particulate samples offsite were collected by the 

Air Pollution Control Section of the Montgomery County Combined 

General Health District, which acts as the Regional Air Pollution 

Control Agency in this area for the Ohio Environmental Protection 

Agency. All other sampling was performed by personnel in the 

Environmental Section. 
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Introduction 
Mound is a government-owned facility 

operated by Monsanto Research Corporation 

for the U. S. Department of Energy (DOE). 

Occupying 1.24 km 2 (306 acres) of land in 

Miamisburg, Ohio, the Mound facility is 

approximately 16 km (10 mi) southwest of 

Dayton, Ohio. 

cal feature 

surrounding 

River, which 

The predominant geographi

in the five-county region 

Mound is the Great Miami 

flows from northeast to 

southwest through the city of Miamisburg. 

The river valley is highly industrialized. 

... 119 

EATON 

0 1 2 J • 
.......,....~ 

MILE I 
123•16 

____ __, 
KILO .. ETERI 

TROTWOOD Q 

... 111 

The remainder of the region is"predomi

nantly farmland, dotted with light 

industry and small communities. The 

locations and populations of these 

communities are shown in Figure 1. The 

population distribution surrounding Mound 

is shown in Figure 2. Drinking water for 

the area is obtained from a buried valley 

aquifer. that generally follows the Great 

Miami River. The primary agricultural 

activity in the area is raising field 

crops such as corn and soybeans. 

Approximately 10% of the land in 

• AIR I .... PLIHG IT A TIOHI 
POPULA TIOHI OF CITIES 

.2100-1000 

0 1000-10.000 

.10.000-15.000 
VANDALIA. Q>11.000 

• IPRINGBORO 

FIGURE 1 - Offsite air sampling locations. 
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Cumulative Population Totals 
1980 Population 0 - 50 Miles 

0-10 398,259 
0-20 1, 125,790 
0-30 1,669,231 
0-40 2,823,798 
o-5o 3,358,941 

FIGURE 2 - Projected 1980 population within 50 miles of Mound . 
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agricultural use is devoted to pasturing 

livestock [ 1] • 

The climate in the area is considered 

moderate. Average annual precipitation 

is 91 em (36 in.) and is evenly distri

buted throughout the year. Precipitation 

measured at Mound in 1987 was 69 em 

(27 in.). Winds are predominantly from 

the south or west, except during the 

summer, when they are recorded more 

frequently from out of the southwest [2]. 

The annual average wind speed measured by 

the National Weather Service at Dayton, 

Ohio, for 1987 was 4.0 m/s (8.9 mi/hr). 

Figure 3 shows the wind rose for 1987 

compiled by the National Weather Service 

at Dayton, and Table 1 ~hows average wind 

speed and percent frequency for each of 

16 wind directions. 

FIGURE 3 The relative frequency of 
winds from different directions from the 
National Weather Service, Dayton, Ohio, 
for 1987. 

6 

In 1949, Mound began operations for the 

production of nuclear weapon components. 

Currently, its mission includes (1) re

search, development, engineering, produc

tion, and surveillance of components for 

DOE weapons programs; (2) separation, 

purification, and sale of stable isotopes; 

and (3) DOE programs in nuclear safe

guards and waste management, heat source 

testing, and fusion fuel systems. The 

radionuclides of primary concern that 

result from Mound's current or past 

operations are plutonium-238 (Pu-238) and 

tritium (HT, HTO). 

Radionuclides in particulate form are 

removed from process air effluents by 

high efficiency particulate air (HEPA) 

filters. Air effluents are filtered 

first at their points of origin (i.e., 

gloveboxes) and then just before reaching 

Table 1 - PERCENT FREQUENCY OF WIND 
DIRECTION AND WIND SPEED FROM THE 

NATIONAL WEATHER SERVICE, 
DAYTON, OHIO, FOR 1987 

Average 
Speed 

Direction Percent (m/sl 

N 7.6 4.0 
NNE 4.8 4.3 
NE 4.9 4.1 
ENE 4.5 3.6 
E 5.0 3.5 
ESE 4.0 4.0 
SE 5.0 3.6 
SSE 4.3 3.6 
s 11.3 4.1 
ssw 9.2 4.5 
SW 7.6 4.6 
WSW 6.6 5.0 
w 10.0 4.9 
WNW 5.5 4.6 
NW 4.5 4.5 
NNW 5.2 4.5 

Average 4.0 

Total relative frequency of calms 
distributed above is 6.0\. 
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the release point (i.e., the stack). The 

filtering system at the stack comprises 

two banks of HEPA filters in series, each 

bank having a collection efficiency of 

99.95%. Radionuclides are removed from 

liquid effluents, such as process wastes, 

by chemical processing. Solid radioac

tive wastes are packaged and shipped 

offsite for burial at approved burial 

sites. Wastes generated in the process

ing of explosive materials are collected 

and disposed of according to the Defense 

Armament and Research Command (DARCOM) 

Regulation 385-100 and DOE/EV/06194-1. 

An onsite, sanitary waste treatment plant 

provides secondary treatment, in accor

dance with u.s. Environmental Protection 

Agency (EPA) requirements [ 3], using an 

activated sludge process operating in the 

extended aeration mode. The waste treat

ment plant was upgraded in 1986 by the 

installation of a continuous backwash 

sand filter. All domestic sewage gen

erated onsite is treated in this 

facility. The influent and effluent at 

the sewage treatment plant are monitored 

for radioactivity to ensure no undetected 

discharge can occur to the environment 

via the sanitary sewage plant. All 

wastewater, after appropriate treatment, 

is discharged from the site to the Great 

Miami River. Digested sludge from the 

sewage plant is shipped offsite as low 

specific activity (LSA) radioactive waste 

for burial at an approved buria 1 site. 

Nonradioactive solid wastes are disposed 

of according to a recycling and reclama

tion program whenever possible. White 

paper, scrap metal, and wood are sold for 

reclamation. During 1987, general refuse 

was transported to a sanitary landfill 

site approved by both the state and 

county. Hazardous wastes are container-

ized, manifested, and moved offsite by a 

commercial-industrial waste disposal firm 

for treatment or disposal using EPA

approved procedures. 

Mound's compliance with regulations pre

scribed by DOE for the safety of its 

employees and the public has been demon

strated throughout the history of the 

facility. The fundamental objective of 

the Mound Environmental Control Program, 

an ongoing program since Mound began 

operations, is the containment of radio

active discharges to levels well within 

the existing standards. As part of this 

program, waste streams are monitored· and 

controlled at each operating step, 

resulting in no more than low-level 

releases of airborne or liquid wastes to 

the environment. With early detection, 

.control techniques can be implemented, 

thus ensuring that concentrations are 

well within existing standards and fol

low the "as-low-as-reasonably-achievable" 

(ALARA) DOE guideline. 

The same objective -- control to levels 

well within applicable standards 

applies to nonradioactive discharges. 

This is achieved primarily by directing 

waste streams to the appropriate waste 

treatment system1 e.g., sewage treatment 

plant, solvent collection system, or 

filtration. ALARA guidelines are also 

maintained for nonradioactive discharges. 

As part of the Mound Environmental 

Program monitoring functions, air, water, 

vegetation, foodstuffs, and sediment sam

ples are collected from the environment 

at distances up to 64 km (40 mil from 

Mound's boundaries. These samples are 

then analyzed for the specific radionu

clides handled at Mound. A summary of 

the moni taring program is shown in 

Table 2 . 
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Table 2 - MONITORING PROGRAM 

Air Surveillance 

Offsite: 14 locations 
Onsite: 5 locations 
Stack Emission: 10 locations 

Water Surveillance - Offsite 

River: 5 locations 
5 locations 

Pond: 7 locations 

Municipal Drinking Water: 
12 locations 

1 location 

Well Water: 9 locations 
4 locations 
4 locations 

Water Surveillance - Onsite 

Effluent Water: 3 locations 

1 location 

Silt Surveillance - Offsite 

River: 
Pond: 

5 locations 
7 locations 

Vegetation and Foodstuff Surveillance 

Vegetation: 
Foodstuffs: 

6 locations 
6 locations 

Environmental Level Surveillance 

Five Mediums 

Sampling 
Frequency 

Weekly 
Weekly 
Daily 

Weekly 
Monthly 

Quarterly 

Monthly 
Monthly 

Monthly 
Monthly 
Quarterly 

Daily 

Semimonthly 

Quarterly 

Quarterly 
Quarterly 

Semiannually 
Annually 

6 locations Monthly, 

aHTO,HT - Tritium 
Pu - Plutonium 
U - Uranium 

Quarterly, 
Semiannually, 
or Annually 

BOD 5 - Five-day biochemical oxygen demand 
COD - Chemical oxygen demand 

Parameter Measureda 

HTO, Pu, particulate 
HTO, Pu, particulate 
HT, HTO, Pu, U 

HTO 
Pu, u 

HTO, Pu, u 

HTO 
Pu 

HTO 
Pu, u 
Pu, u 

Flow, suspended solids, 
BOD 5 , fecal coliform, 
pH, oil and grease, 
COD, residual chlorine, 
dissolved solids, HTO, 
Pu, u 

Cyanide, chromium, 
cadmium, nickel, copper 

Total toxic organics 

Pu 
Pu 

HTO, Pu 
HTO, Pu 

HTO, Pu, 0 -
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The results of the environmental analyses 

for 1987 are provided in this report. 

The primary purpose of the report is to 

detail what impact, if any, Mound's 

operations have had on the environment in 

1987. Several terms that 

throughout this report are 

below. The concentrations 

are used 

described 

of various 

radionuclides reported here that result 

from Mound's operations are termed 

"incremental." The term "incremental" 

denotes a concentration value that 

exceeds normal environmental levels of 

the same radionuclide. The "environ-

mental level" is the background concen

tration found in the environment at a 

distance from the plant where Mound 

o-perations would have no impact. These 

environmental levels are subtracted from 

all onsite and offsite data except where 

noted. Some individual values may be 

negative and are included as such in 

averages. These values, if negative, are 

reported as the average environmental 

level (e.l.). Environmental levels of 

radionuclides in various media as 

measured during 1987 by Mound are shown 

in Table 3. 

To determine concentrations of radio

nuclides found in the environment, the 

instrument background and reagent blanks 

were subtracted from the sample count. 

This value was then used in averages. 

The incremental concentration was ob

tained by subtracting the environmental 

level (background concentration) from the 

concentration measured in the various 

environmental media. 

For comparative purposes and for single 

sample evaluation, the lower detection 

limit (LDL) is shown for each set of data 

in this report. The LDL is the estimated 

standard deviation of the blanks at the 

95% confidence level. 

The error estimates shown with each set 

of data are estimates of the standard 

error of the estimated mean at the 95% 

confidence level. These values include 

all sources of variability including 

sampling, analyses, counting statistics, 

and the propagated error involved when 

the environmental levels are subtracted 

from the actual data. 

Summary 
The local environment around Mound was 

monitored primarily for tritium and 

plutonium-238. The results are reported 

for 1987. Environmental media analyzed 

included air, water, vegetation, food

stuffs, and sediment. 

The average concentrations of plutonium-

238 and tritium were within the DOE 

interim air and water Derived Concentra

tion Guides (DCG) for these radionuclides 

[ 4,5). 

The average incremental concentrations of 

plutonium-238 and tritium oxide in air 

measured at all offsite locations during 

1987 were 4.6 x l0- 18 lJCi/mL and 12.9 x 

1o-12 lJCi/mL, respectively. These corre

spond to 0.02% and 0,01%, respectively, 

of the DOE DCGs for uncontrolled areas 

[5]. Details of the applicable standards 

are given in the Appendix. 

The average incremental concentration of 

plutonium-238 measured at all locations 

in the Great Miami River during 1987 was 

1.4 x 10-12 lJCi/mL which is 0.0004% of 

the DOE DCG.. The average incremental 

concentration of tritium measured at all 

locations in the Great Miami River during 

1987 was 0.07 Y. 10-6 lJCi/mL which is 

0.004% of the DOE DCG. 

Radionuclide effluent data for 1987 are 

summarized in Table 4. 
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Table 3 - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES 
IN VARIOUS MEDIUMS IN 1987 

Plutonium-238 in aira 

Tritium oxide in aira,f 

Plutonium-238 in river waterb,f 

Tritium in river waterb 

Plutonium-238 in surface waterc 

Tritium in surface waterc 

Plutonium-238 in well waterd 

Tritium in well waterd 

Uranium-233,234 in well water 

Uranium-233,234 in river waterb 

Uranium-238 in well water 

Uranium-238 in river waterb 

Plutonium-238 in river siltb 

Plutonium-238 in surface water siltb 

Tritium in grassc,f 

Tritium in tomatoese 

Plutonium-238 in grassc 

Plutonium-238 in potatoese 

Plutonium-238 in fishe 

aMeasured at offsite sampler 119. 

0.07 ± 0.18 X 10- 18 ~Ci/mL 

n.d. 

n.d. 

0.01 ± 0.01 x 10-6 ~Ci/mL 

2.33 ± 8.67 X 10- 12 ~Ci/mL 

0.1 ± 0.2 X 10-6 ~Ci/mL 

0.24 ± 2.09 x 10- 12 ~Ci/mL 

0.09 ± 0.17 X 10-6 ~Ci/mL 

0.4 ± 0.2 X 10-9 ~Ci/mL 

= 0.71 ± 0.08 x 10-9 ~Ci/mL 

= 0.27 ± 0.09 x 10-9 ~Ci/mL 

0.67 ± 0.06 x 10-9 ~Ci/mL 

= 0.37 ± 0.94 X 10-9 ~Ci/g 

0.34 ± 0.64 X 10-9 ~Ci/g 

= n.d. 

= 0.49 ± 0.09 X 10-6 ~Ci/g 

0.16 ± 0.19 X 10-9 ~Ci/g 

0.1 ± 0.2 X 10-9 ~Ci/g 

0.2 ± 0.1 X 10-9 ~Ci/g 

bMeasured 32 km (20 mi) upstream on Great Miami River. 

cMeasured 61 km (38 mi) southeast of Mound. 

dMeasured 58 km (36 mi) southeast of Mound. 

eMeasured 64 km (40 mil west of Mound. 

- f(n.d.) environmental level cannot be detected above reagent blanks. 

• 

• 

• 
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Table 4 - EFFLUENT DATA FOR 1987 

Radionuclide 

Tritium 

Tritium 

Plutonium-238 

Plutonium-238 

Plutonium-239 

Plutonium-239 

Uranium-233,234 

Uranium-233,234 

Uranium-238 

Medium 

air 

water 

air 

water 

air 

water 

air 

water 

air 

Quantity 

3863 Ci 

5.63 Ci 

5.5 X 10-6 Ci 

4.7 X 10- 4 Ci 

2.7 X 10-7 Ci 

4.7 X 10-6 Ci 

5.6 X 10-8 Ci 

3.2 X 10- 4 Ci 

3.6 X 10-8 Ci 

~he average incremental concentration of 

plutonium-238 found during 1987 in sur

face water was· 0.0001\ of the DOE DCG. 

The average incremental concentration of 

tritium in surface water was less than 

0.003% of the DOE DCG • 

All tritium in drinking water data is 

compared to the U. S. EPA Drinking Water 

Standard. When these comparisons are 

made, no environmental level is subtract

ed from the data. The average concentra

tions in local private and municipal 

drinking water systems were less than 22% 

and 1%, respectively, of the U. S. EPA 

standard. 

The concentrations found in foodstuffs 

were extremely low. Although no DOE DCG 

is available for foodstuffs, the average 

concentrations are a small fraction of 

·the water DCG (0.03%). Sediment samples 

were obtained at offsi te surface water 

sampling locations . The concentrations 

of these samples were extremely low and 

therefore represent no adverse impact to 

the environment. 

The dose equivalent estimates for the 

average air, water, and foodstuff concen

trations indicate that the levels are 1% 

of the DOE standard of 100 mrem [4]. The 

air emission dose as calculated with the 

EPA AIRDOS model is 1.2% of the EPA air 

emission standard of 25 mrem. The 

person-rem calculated to 80 km for the 

total population as a result of Mound 

operations during 1987 was 12 person-rem. 

Background radiation would result in 

approximately 300 mrem per person or 

1,000,000 person-rem for the area. 

Data for the emission of nonradioactive 

species into the atmosphere are also 

presented. All of these emissions were 

25% or less of the applicable air emis

sions standard. 

A National Pollutant Discharge Elimina

tion System (NPDES) permit regulates 

nonradioactive pollutants in Mound's 

effluent water. The NPDES permit re

quires this effluent to be characterized 

by analyzing samples collected at four 

onsi te locations. Mound effluents were 

analyzed by 729 NPDES measurements in 

1987. All measurements were in compli

ance with daily NPDES limits. One 

monthly average exception, biochemical 

oxygen demand at the sewage treatment 

plant, occurred in May. This exception 

was minor and did not affect the water 

quality of the Great Miami River or its 

compliance with Ohio Stream Standards 

which are referenced in the Appendix. 

11 



Environmental Surveillance 
Quality Assurance 
An essential part of Mound's Quality 

Assurance Program is the analysis of 

reference samples from reliable outside 

laboratories. During 1987, Mound ana

lyzed reference samples from DOE's 

Environmental Measurements Laboratory 

(EML) : from the 

Protection Agency 

U. S. Environmental 

(EPA): and from a 

private 

Group, 

laboratory, 

Inc. (APG). 

Analytical 

The EML 

contained trace radionuclides 

Products 

samples 

in air 

filters, 

The EPA 

water, soil, and vegetation. 

and APG samples contained 

nonradioactive contaminants in water. 

Concentrations of several radionuclides 

in the EML samples analyzed in 1987 are 

given in Table 5 [6,7]. Agreement 

between the Mound values and the EML 

reference values is better than 20% in 

all but 

measurement 

two 

of 

measurements. 

plutonium-239 

Mound's 

in the 

vegetation sample was high relative to 

the EML value by about 80%. It could not 

be determined why this value was high. 

It was observed that two other labora

tories reported high plutonium-239 in 

vegetation results comparable to Mound's 

values. Also, measurement of plutonium-

239 in the next vegetation sample, No. 

8709, showed good agreement between the 

Mound and the EML value. 

The second Mound concentration that 

differed from the EML value by more than 

20% was the uranium-238 value in the 

vegetation sample No. 8709. In this 

case, however, both Mound's and EML's 

measurement errors were relatively high, 

such that the two uranium-238 concentra

tions agreed with each other within 

experimental error. 

12 

Mound's measurement of plutonium-239 in 

water sample No. 8709 agreed with the 

average concentration determined by 22 

other participating laboratories. The 

EML value for this sample was found to be 

in error and the correct value will be 

published later. 

In Table 6 the Mound results in the 1987 

EPA Quality Assurance Program for the 

determination of nonradioactive 

ters in water are 

"true values." 

compared to 

All eleven 

parame

the EPA 

of the 

measured parameters agreed with the EPA 

values. Ten of the Mound concentrations 

were within the acceptance limits set by 

the EPA. For total cyanide, Mound re

ported <0,25 mg/L, which is in agreement 

with the EPA value of 0.07 mg/L. With 

the volume of sample supplied by the EPA 

and with the method being used at Mound, 

a lower "lower detection limit" could not 

be attained. However, in performing 

analyses of Mound's own water samples, a 

detection limit of less than 0.25 mg/L 

for cyanide can be attained. 

A second part of Mound's Quality 

Assurance Program in the measurement of 

nonradioactive parameters in water 

involves the analysis of reference 

samples prepared by Analytical Products 

Group, Inc. (APG). Analysis of these APG 

samples is part of a Monsanto Company 

quality control program. Mound analyzed 

four sets of APG samples in 1987, and 

these results are summarized in Table 7. 

In the APG .reports, the difference 

between the Mound value -and the APG 

reference value is expressed as the 

number of standard deviations of· the 

Mound value from the average determined 

for all participating laboratories. 

• 

• 

• 
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Sample 
....!IP.!.:. 

Air Filter 

Soil 

Vegetation 

Water 

Air Filter 

Soil 

Vegetation 

Water 

Table 5- MOUND'S DOE QUALITY ASSESSMENT PROGRAM RESULTS FOR 1987 

Sample 
No. 

8705 

8705 

8705 

8705 

8709 

8709 

8709 

8709 

Isotope 

Plutonium-239 

Cesium-137 
Radium-226 
Plutonium-239 

Plutonium-239 

Hydrogen-3 
Uranium-234 
Uranium-238 

Uranium-234 
Uranium-238 

Plutonium-239 
Uranium-234 
Uranium-238 

Plutonium-239 
Uranium-234 
Uranium-238 

Hydrogen-3 
Plutonium-239 
Uranium-234 
Uranium-238 

Concentration8 

Mound EML 

0.49 ! 2% 
0.74 ! 1% 
1.64 ! 6% 

0.21 ! 9% 

29.5 ! 1% 
0.061 ! 11% 
0.062 ! 11% 

1.49 
1.54 

! 6% 
! 6% 

0.034 ! 18% 
1.19 ! 7% 
1.32 ! 7% 

0.017 ! 17% 
0.066 ! 12% 
0.069 ! 20% 

17.6 ! 1% 
0.19 ! 5% 
0.052 ! 9% 
0.051 ! 9% 

5.68 ! 1%d 

0.48 ! 2% 
0.79 ! 6% 
1.88 ! 5% 

0.117 ! 4% 

33.7 ! 5% 
0.071 ! 5% 
0.071 ! 5% 

1. 70 
1. 71 

! 
! 

8% 
9% 

0.029 ! 6% 
1.24 ! 4% 
1. 20 ! 4% 

0.018 ! 
0.080 ! 
0.090 ! 

19.1 ! 
f 

0.054 ! 
0.054 ! 

11% 
12% 
22% 

1% 

3% 
3% 

Concentration 
Ratio 

Mound to EML 

1.05 ! 0.03e 

1.02 ! 0.03 
0.94 ! 0.06 
0.87 ! 0.07 

1.79! 0.18 

0.88 ! 0.04 
0.86 ! 0.10 
0.87 ! 0.11 

0.88 ! 0.09 
0.90 ! 0.10 

1.17 ! 0.22 
0.96 ! 0.08 
1.10!0.09 

0.94 ! 0.19 
0.83 ! 0.14 
0.77!0.23 

0.92 ! 0.01 

0.96 ! 0.09 
0.94 ! 0.09 

~nits are pCi/filter for air samples, pCi/mL for water, and pCi/g for soil and 
vegetation samples. 

b Environmental Measurements Laboratory. 

cMound's errors are two sigma errors based on counting statistics or replicate analysis. 

dEML' s en·ors are "standard errors of the mean." 

eThe error in the ratio is calculated as (SM 2 + SE2 )~. where SM and SE are the Mound and 
EML relative errors. 

fThe EML value given in the report EML-503 was incorrect and a new value will be published 
in a later report • 
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Table 6 - MOUND'S 1987 
THE DETERMINATION 

Parameter 
Measured 

5-Day Biochemical 
Oxygen Demand (BOD} 

Chemical Oxygen 
Demand 

Total Suspended 
Solids 

Oil and Grease 

pH 

Total Cyanide 

Total Residual 
Chlorine 

Cadmium 

Chromium 

Copper 

Nickel 

EPA QUALITY ASSURANCE PROGRAM RESULTS 
OF NONRADIOACTIVE PARAMETERS IN WATER 

FOR 

True 
Val\! 

35.0 mg/L 

54.4 mg/L 

80.9 mg/L 

8.0 mg/L 

5.20 

0.07 mg/L 

0.98 mg/L 

55 119/L 

514 11g/L 

953 11g/L 

762 11g/L 

Mound a 
Value 

36.0 mg/L 

47 mg/L 

82.0 mg/L 

7.8 mg/L 

5.16 

<0.25 mg/L 

0.96 mg/L 

SO 11g/L 

467 11g/L 

942 11g/L 

725 119/L 

EPAb 
Acceptance 

Limits 

21.2-48.7 mg/L 

37.4-64.4 mg/L 

62.1-87.0 mg/L 

1.3-12.8 mg/L 

5.06-5.30 

0.028-0.098 mg/L 

0.64-1.25 mg/L 

46.6-63.2 11g/L 

400-606 11g/L 

859-1020 11g/L 

670-583 11g/L 

aStandard deviations (precision} in Mound's values are generally ±10% 
or lessJ for BOD, the standard deviation is closer to ±30%. 

bAny measured concentrations falling in this range are considered 
acceptable by the EPA. 

Table 7 - SU~~RY OF MOUND'S PERFORMANCE IN THE ANALYTICAL PRODUCTS 
GROUP PROFICIENCY ENVIRONMENTAL TESTING PROGRAM FOR 1987 

Parameter Measured 
in Water 

Biochemical Oxygen Demand 

Chemical Oxygen Demand 

Total Suspended Solids 

Oil and Grease 

pH 

Cyanide 

Residual Chlorine 

Cadmium 

Chromium 

Copper 

Nickel 

Parameter Range 
Measured 

16.4-290 mg/L 

26.5-466 mg/L 

27.7-415 mg/L 

6.53-46.2 mg/L 

5.11-9.23 

0.10-4.52 mg/L 

0.12-7.41 mg/L 

24.1-194 11g/L 

49.9-268 11g/L 

36.0-174 11g/L 

39.3-236 11g/L 

Range of Observed 
Number of Standard 
Deviations from 

the Averaqe 

0.1-1.4 

0.1-1.7 

0.6-1.6 

0.1-0.5 

0.1-0.7 

0.1-2.1 

0.1-1.6 

0.1-1.7 

0.1-1.6 

0.1-0.8 

0.1-2.0 

• 

• 

• 
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As seen in Table 7, the greatest observed 

number of standard deviations from the 

average was only 2.1. As a point of 

reference, "EPA Warning Limits" are 1.96 

standard deviations from the average and 

nEPA Acceptance Limits" are 2.58 standard 

deviations from the average. Thus, all 

86 of Mound's APG results are acceptable. 

Another essential part of Mound's Quality 

Assurance Program is the determination of 

"blank values. • A "blank value" is a 

measurement result for a contaminant 

determined by carrying out the chemical 

analysis procedure without a true sample, 

but rather using deionized water, a clean 

f~lter paper, or only the reagents used 

in the analysis. Analysis of •blanks" is 

essential because many of the samples 

analyzed show contaminant concentrations 

at or below the lower detection limit of 

the analytical method being used. Ana

lyzing "blanks" is essential in verifying 

the absence o: excessive laboratory 

contamination or detector background. 

Also, the standard deviation of the 

"blank values• is used to calculate lower 

detection limits, which are given with 

each set of environmental data in this 

report. 

Additionally, internal standards and 

duplicate samples are included with sets 

of environmental samples through the 

analysis procedure. Approximately 20% of 

the samples are QC related. 

Other aspects of Mound's Environmental 

Section quality control program have been 

documented in a quality control· manual 

[8). In summary, along with a formal 

quality control program, the agreement 

between Mound measured concentrations and 

reference values of EML, the EPA, or APG, 

indicates good reliability of the data 

generated in the routine environmental 

monitoring program. 
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Air· Radioactive 
In 1987, the offsite air-sampling network 

consisted of 15 continuously operating 

air~sampling stations used for samplirg 

both tritium oxide and plutonium. Ten 

sampling stations are located within a 

1.6 km (l mil radius of Mound, and four 

samplers are located in or near popula-

tion centers. The remaining 

(#119) is approximately 44.8 km 

sampler 

(28 mil 

from Mound in the least prevailing wind 

direction. This sampler receives no 

measurable contribution from Mound opera

tions and serves as a baseline sample for 

computing background environmental 

levels. 

The radionuclide concentrations from 

sampler #119 are subtracted from concen

trations detected at other locations. 

The samplers currently in operation are 

located at critical distances and direc

tions, based on a diffusion model 

developed for Mound (9). The locations 

of the sampling stations are shown in 

Figure 1. 

Two types of samples are collected at 

each sampling station. One is a par

ticulate air sample for plutonium-238 

analysis, and the other, from a bubbler

type sampler, is for tritium oxide 

analysis. The particulate sample is 

collected on a 200-mm diameter Microdon 

disk by a continuously operating (24 hr/ 

day, 7 days/week) high-volume air sampler. 

The air is sampled at an average rate of 

1.3 x 106 cm 3 /min ('1.45 ft'/min). The 

disk is changed weekly and represents a 

sample of approximately 13,000 m3 of air. 

Individual sample flow rates are used to 

calculate concentrations at each location. 

Plutonium-238 analyses were performed on 

a monthly composite for three sampling 

locations, 11122, 1123, and #124, and on 

16 

quarterly composites for the other off

site locations. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: 

use of an internal tracer, chemical 

treatment, separation of plutonium with 

anion exchange resin, and alpha spec

trometq•. 

The average incremental offsite plutoni

um-238 air concentration for all loca

tions was 4.6 x l0- 18 uCi/mL, which is 

0.02% of the DOE DCG. The analytical 

results are summarized in Table 8. 

Table 9 shows concentrations of plutoni

um-239,240 and plutonium-238, including 

environmental levels for the sake of 

completeness. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at 

approximately 3 x 10 3 ems/min through 

200 mL of ethylene glycol. Ethylene 

glycol is used because this material 

eliminates evaporat-ion and freezing prob

lems associated with sample collection 

[10]. Tritium (oxide) in the air is 

collected in the solution. Tritium oxide 

rather than elemental tritium is sampled 

and analyzed because about half of the 

tritium emission is in the oxide form, 

and the Derived Air Concentration is much 

more restrictive (25,000 times) than it 

is for elemental tritium [ 11] • A s·ample 

representing "'.30 ms of air is collected, 
I 

and an aliquot representing 0. 15 m3 is 
! 

counted in a liquid sciritl.llation spec-

trometer. The average incremental con

centration of tritium oxide measured 

during 1987 for all offsite locations, 

not including the environmental level 

found at sampler 1119, was 12.9 x 

1o- 12 uCi/mL. This concentration is 

• 

• 

• 
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Table 8 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1987 

Number Plutonium-238 
Percent ofd of uo-1& llCi/mL) 

Location SamEles Minimum a Maximum a Averagea,b,c DOE DCG 

101 4 0.11 12.7 4. 1 ± 9.2 0.014 
102 4 3.29 20.0 8.6 ± 12.4 0.029 
103 4 1. 93 17.7 8.6 ± 10.9 0.029 
104 4 0.85 3.44 2.38 ± 1. 75 0.008 
105 4 0.42 1. 65 0.79 ± 0.95 0.003 
108 4 0.01 0.1 0.05 ± 0.19 0.0002 
110 4 e.l. 0.32 0.03 ± 0.35 0.0001 
111 4 0.07 0.58 0.28 ± 0.39 0.0009 
112 4 0.02 0.54 0.27 ± 0.39 0.0009 
115 4 e.l. 0.13 0.02 ± 0.25 0.00007 
118 4 0.62 1. 42 1. 03 ± 0.58 0.003 
122 12 0.27 10.6 5.28 ± 1. 74 0.018 
123 10 2. 4 9 41.6 10.7 ± 7.3 0.036 
124 12 2.44 172.1 22.0 ± 30.2 0.073 

aAverage environmental level (e.l.) found in Table 3 is subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for monthly values of plutonium-238 in air is 0.34 x 
10- 18 1JCi/mL~ for quarterly values, 0.05 x 1o- 18 1JCi/mL. 

dDOE DCG for plutonium-238 in air is 30,000 x 10- 18 IJCi/mL • 

0. 01% of the DOE DCG. The results are 

summarized in Table 10. Environmental 

levels for plutonium-238 and tritium in 

air as measured at sampler #119 are shown 

in Table 3. These environmental levels 

of plutonium-238 and tritium in air are 

subtracted from the sample data. 

An onsite perimeter network consisting of 

five continuous, high-volume air samplers 

is used to further assess the effec-

tiveness 

systems. 

of stack emission control 

The onsite sampling locations 

are shown in Figure 4. Particulate sam

ples and tritium samples are collected by 

the onsite samplers at approximately the 

same flow rate as the offsite samplers 

and are analyzed in the same manner. 

The average incremental plutonium-238 

concentration measured for all locations 

onsite is 67 x 10-18 IJCi/mL, which is 

0. 2% of the DOE DCG. The results are 

summarized in Table 11. Table 12 pre

sents onsite concentrations of plutonium-

239,240, and plutonium-238, including 

environmental levels, for the sake of 

completeness. The quantity of plutonium-

238 discharged to the atmosphere during 

1987 was 5.5 x 10-6 Ci. 

The average incremental _opsite tritium 

oxide concentration for all locations was 

31 x 10-12 IJCi/mL, which is 0.03% of the 

DOE DCG. The results are summarized in 

Table 13. The quantity of tritium dis

charged to the atmosphere during 1987 was 

3863 Ci. 
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Location 

101 

102 

103 

104 

105 

lOB 
110 

111 

112 

115 

118 

119 
.u2 

123 

124 

Table 9 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1987 

Number 
of 

Samples 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

12 

11 

12 

0.07 

0.07 

0.11 

0.02 

0.01 

0.06 

n.d. 

0.05 

0.03 

0.06 

0.06 

0.07 

n.d. 

n.d. 

n.d. 

Plutonium-239,240 
(lQ-lB 11Ci/mLl 

Maximum 

0.3 

0.21 

0.19 

0.23 

0.47 

0.23 

0.37 

0.19 

0.11 

0.22 

0.18 

0.17 

0.71 

1. 36 

0.73 

Averaqeb,c 

0.17 ± 0.19 

0.16 ± 0.09 

0.16 ± 0.06 

0.14 ± 0.14 

0.16 ± 0.33 

0.11 ± 0.13 

0.14 ± 0.26 

0.13 ± 0.11 

0.09 ± 0.05 

0.12 ± 0.11 

0.11 ± 0.1 

0.13 ± 0.07 

0.14 ± 0.21 

0.25 ± 0.3 

0.24 ± 0.15 

Plutonium-238 
no-18 11Ci/mLl 

b c Average ' 

4.1 ± 9.2 

8.7 ± 12.4 

8.7 ± 10.9 
2. 45 ± 1. 74. 

0.86 ± 0.93 

0.12 ± 0.06 

0.1 ± 0.3 

0.36 ± 0.35 

0.35 ± 0.35 

0.1 ± 0.2 

1.1 ± 0.6 

0.07 ± 0.18 

5.36 ± 1. 73 

10.8 ± 7.3 

22.1 ± 30.2 

aThe (n.d.) indicates that the values cannot be detected above the rea9ent 
blanks. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for monthly values of plutonium-238 in air is 
0.34 x 10-18 11Ci/mL7 for quarterly values, 0.05 x 10-18 11 Ci/mL. Lower 
detection limit (LDL) for monthly values of plutonium-239,240 in air is 
0.14 x 10-18 11 Ci/mL1 for quarterly values, 0.02 x lQ-18 11Ci/mL. 

• 
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Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

122 

123 

124 

Table 10 - INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1987 

Number 
of 

Samples 

51 

52 

52 

48 

so 
48 

51 

52 

52 

52 

so 
49 

48 

48 
" 

e.l. 

0.64 

e.l. 

e.l. 

e.l. 

e.l. 

e.l. 

e .1. 

e.l. 

e.l. 

e.l. 

e.l. 

e.l. 

e.l. 

Tritium Oxide 
110-12 J,JCi/mL) 
Maximuma Averagea,b,c 

258 

85.6 

63.5 

52.4 

39.4 

47.7 

51.3 

16.3 

42.3 

31.7 

69.8 

45.2 

261 

75.2 

29.2 ± 11.4 

23.5 ± 5.1 

17.2 ± 

9.87 ± 

9.39 ± 

7.68 ± 

5.9 ± 

2.47 ± 

6.62 ± 

2.79 :± 

4.9 

4.18 

4.03 

3.58 

4.4 

2.82 

3.41 

3.38 

9.33 ± 4.38 

8.14 ± 3.82 

24.6 ± 11.6 

23.3 ± 5.7 

Percent ofd 

DOE DCG 

0.029 

0.024 

0. 017 

0.01 

0.009 

0.008 

0.006 

0.002 

0.007 

0.003 

0.009 

0.008 

0.025 

0.023 

aAverage environmental level (e.l.) fpund in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit {LDL) for tritium oxide in air is 16 x 10-12 ~Ci/mL. 

dDOE DCG for tritium oxide in air is 100,000 x 10-12 ~Ci/mL. This value has 
been adjusted to include the fraction of tritium oxide that is absorbed 
through the skin as part of the inhalation pathway • 
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Table 11 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1987 

Number Plutonium-238 
Percent ofd of uo-18 uCi /mL) 

Location Samples Minimum a Maximum a Averagea,b,c DOE DCG 

211 12 29.7 141 79 ± 22 0.26 

212 12 6.4 56.2 15 ± 9 0.05 

213 12 65.4 860 189 ± 141 0.63 

214 11 9.2 95.5 43.5 ± 17.5 0.15 

215 12 1. 79 21.7 8.4 ± 3.3 0.03 

aAverage environmental level ·ce.l. l found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) plutonium-238 in air is 0.34 x 10- 18 uCi/mL. -

dDOE DCG for plutonium-238 in air is 30,000 x 10- 18 uCi/mL • 

Table 12 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN 1987 

Number Plutonium-239,240 Plutonium-238 
of oo-18 uCi/mL) (10-18 uCi/mLl 

Location Samples Minimum a Maximum b c Average ' Averageb,c 

211 12 0.24 2.35 0.83 ± 0.38 79.2 ± 

212 12 n.d. 0.75 0.28 ± 0.14 15.1 :!: 

213 12 n.d. 3.43 0.7 ± 0.6 189 ± 
214 11 n.d. 0.73 0.29 ± 0.15 43.5 ± 

215 12 n.d. 0.6 0.19 ± 0.17 8.49 ± 

aThe (n.d.) indicates that the values cannot be detected above the reagent 
blanks. 

22.1 

8.7 

141 

17.5 

3.25 

bError limits are estimat.es of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for monthly values of plutonium-238 in air is 
0.34 x 1o- 18 uCi/mL. Lower detection limit (LDL) for monthly values of 
plutonium-239,240 in air is 0.14 x 10- 18 uCi/mL • 
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Table 13 - INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1987 

Number Tritium Oxide 
Percent ofd of no-12 I!Ci/mL) 

Location Samples Minimum a Maximum a Averagea,b,c DOE DCG 

211 51 e.l. 95 28.2 ± 7.0 0.028 

212 51 e.l. 148 33.7 ± 8.7 0.034 

213 51 e .1. 144 38.8 ± 9.2 0.039 

214 51 e.l. 176 33.3 ± 10.6 0.033 

215 47 e.l. 152 21.7 ± 7.9 0.022 

aAv~raqe environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium oxide in air is 16 x 

dDOE DCG for tritium oxide in air is 100,000 x lo- 12 ~Ci/mL. 
been adjusted to include the fraction of tritium oxide which 
through the skin as part of the inhalation pathway. 

10-12 11Ci/mL. 

This value has 
is absorbed 

• 

• 

• 



• 

• 

• 

Air· Nonradioactive 
The primary source of nonradioactive air

borne emissions is the Mound steam power 

plant. This plant is normally fueled 

with natural gas, but can burn fuel oil. 

During unusually cold weather, if the 

natural gas supply to Mound is inter

rupted, fuel oil with <1% sulfur content 

is burned. Approximately 57,000 liters 

(15,000 gal) of fuel oil were burned 

during 1987. 

Additional sources of airborne emissions 

are as follows. A waterwash, paint spray 

booth is operated intermittently in the 

Mound paint shop. Wastes from operations 

involving explosives are disposed of by 

open burning under a permit issued by the 

Regional Air Pollution Control Agency 

(RAPCA) . Fire-fighter training exercises 

are held at an open outdoor facility 

under a burning permit issued by RAPCA • 

Emissions from sources and the applicable 

emission standards are summarized in 

Table 14. The emissions were estimated 

from emission factors established by the 

U.S. EPA [12]. 

calculation of 

Emission factors 

emissions based 

allow 

on 

quantity of material used or consumed. 

Nonradioactive airborne emissions at 

Mound were all within applicable stan

dards and had minimal impact on ambient 

air quality. This is further demon

strated by the particulate concentration 

data summarized in Tables 15 and 16. 

The data presented ar~ weekly particulate 

concentrations measured at Mound's 

offsite and onsite air-sampling sites 

(Figures 1 and 4). The particulate 

concentration at onsite locations is 

generally within the range of the offsite 

locations. The particulate concentration 

also appears to be independent of dis

tance from Mound. This would suggest no 

influence from Mound operations. For 

comparison, the State of Ohio - Ambient 

Quality Standard for airborne particu

lates is also given in Table 15. 

Table 14 - NONRADIOACTIVE AIRBORNE EMISSIONS - 1987 

Emission Emissiona % of 
Source Pollutant Emission Standard Standard 

Powerhouse Particulates 0.005 lb/ 10 6 Btu Input 0.02 lb/10 6 Btu . 25 

Powerhouse Sulfur Oxides 0.002 lb/106 Btu Input 1.6 lb/10 6 Btu 0.1 

Paint Shop Organics 5.1 lb/day 40 lb/day 13 

Explosives Particulates 3.5 lb NA NA 
Burning 

Fire Fighter Particulates 72 lb NA NA 
Training 

aOhio EPA Air Pollution Regulations 3745-17-10, 3745-18-06, and 3745-21-07. 

NA - Not applicable • 
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·Table 15 - 1987 PARTICULATE CONCENTRATIONS OFFSITE 

Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

119 
122 

123 

124 

Number 
of 

Samples 

52 

52 

52 

47 

52 

45 

49 

52 

52 

52 

52 

52 
. 50 

43 

52 

Particulates a 
(l.lg/ml) 

Minimum Maximum 

20 

9 

3 

16 

11 

13 

10 

10 

1 

10 

10 

4 

9 

1 

8 

111 

89 

105 

190 

94 

86 

68 

125 

66 

117 

76 

99 

69 

92 

64 

aOhio Ambient Air Quality Standard 60 1.1g/m1 
(annual geometric mean) • 

Annuala,b 
Arithmetic 

Average 
(l.lg/ml) 

59 ± 6 

43 ± 5 

34 ± 5 

60 ± 9 

36 ± 4 

46 ± 4 

34 ± 4 

53 ± 7 

32 ± 3 

43 ± 6 

36 ± 4 

30 ± 4 

33 ± 4 

41 ± 5 

30 :!: 4 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

These data are obtained by the Mound air monitoring program 
and are indicative only of the particulate air loading of 
the Dayton metropolitan area. Mound particulate discharges 
presented in Table 14 make a negligible contribution to the 
surrounding area. Table 16 presents onsite particulate data. 

Additionally, since the Ohio Ambient Air Quality Standard 
is not based on continuous sampling, a direct comparison to 
the standard is not appropriate. The arithmetic average is 
used for Mound's data, which will give a higher value than 
the geometric mean technique. 

Table 16 - 1987 PARTICULATE CONCENTRATIONS ONSITE 

Location 

211 

212 

213 

214 

215 

Number 
of 

Samples 

52 

51 

52 

44 

47 

Particulates 
(l.lg/ml) 

Minimum Max1mum 

3 

9 

20 

10 

1 

308 

106 

148 

70 

57 

Annual a 
Arithmetic 

Averaqe 
(l.lg/ml) 

89 :!: 14 

35 t 5 

72 t 7 

39 t 4 

31 :!: 3 

aError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 
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Water · Radioactive 
Water sampling locations along the banks 

of the Great Miami River were selected 

according to guidelines recommended by 

the U. s. EPA (13]. The locations, shown 

in Figure 5, provide samples that are 

representative of river water after 

considerable mixing of the effluent from 

Mound has. occurred. Water samples are 

collected at these locations monthly and 

weekly and are subjected to specific 

analyses for plutonium-238 and tritium, 

respectively. 

Water samples are collected and analyzed 

for plutonium-238 on a monthly basis. 

The average incremental concentration of 

plutonium-238 measured for all locations 

in the Great Miami River was 1.4 x 

lo-12 ~Ci/mL, which is 0.0004% of the DOE 

DCG. These results are summarized in 

Table 17. 

Weekly samples are analyzed for tritium. 

The average incremental concentration of 

tritium measured at all locations in the 

Great Miami River was 0.07 x 10-6 ~Ci/mL, 

which is 0. 004% of the DOE DCG. These 

results are summarized in Table 18. 

Uranium-233, 234, and 238 were also moni

tored at the river water sampling 

locations during 1987. The average incre

mental concentration of uranium-233, 234 

was 0. 04 x 10-9 ~Ci/mL, which is 0. 008% 

of the DOE DCG. The average incremental 

concentration for uranium-238 was 0.01 x 

1o- 9 ·~Ci/mL, which is 0.002% of the DOE 

DCG. In addition, as shown in Table 19, 

the ratio of uranium-233,234 to uranium-

238 is slightly greater than unity, which 

is in range of background ratios reported 

( 14 J • This is expected as a result of 

secular equilibrium . 

The total discharges to the Great Miami 

River during 1987 consisted of 4.7 x 

10-4 Ci of plutonium-238, 5.63 Ci of 

tritium, 3.2 x 10-4 Ci of uranium-233, 

234, and 4.7 x 10-6 Ci of plutonium-239. 

The average concentrations of these 

materials in the discharge system were: 

plutonium-238, 0.22 x 10-9 ~Ci/mL; tri

tium, 7.9 x 10- 6 uCi/mL; uranium-233,234, 

0.32 x .10- 9 ~Ci/mL; and plutonium-239, 

0.004 x 10- 9 uCi/mL. The percentages of 

DOE DCG for these concentrations were: 

plutonium-238, 0.06%; tritium, 0.4%; 

uranium-233,234, 0.06%; and plutonium-

239, 0.001%. 

Seven additional surface water locations, 

such as ponds, in all quadrants surround

ing Mound as shown in Figure 5 are 

sampled quarterly for plutonium and 

tritium analyses. The average concentra~ 

tions of plutonium-238 and tritium for 

all locations were 0.5 x l0- 12 ~Ci/mL and 

0. 05 x 10-6 ~Ci/mL, respectively, which 

are 0.0001% and 0.003%, respectively, of 

the DOE DCG. The results of the surface 

water samples are summarized in Ta~les 20 

and 21. Environmental levels (Table 31 

have been subtracted from the concentra

tion of plutonium and tritium in water. 

Drinking water from communities in the 

surrounding area is sampled and analyzed 

monthly for tritium. These communities 

and their relative locations are shown in 

Figure 5. The average concentrati.on ·Of 

tritium for all locations was 0.19 nCi/L 

which is 1% of the standard adopted by 

the u. s. EPA in 1977 for community 

drinking water systems. ·D-ata from the 

analyses of community drinking water 

samples are summarized in Table 22. The 

environmental level in Table 3 for 

tritium in water is not subtracted from 
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Table 17 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN THE GREAT MIAMI RIVER IN 1987 

Number Plutonium-238 
Percent ofd of no-12 uCi/mLl 

Location sam:eles Minimum a Maximum a Avera9ea,b,c DOE DCG 

1 10 e.l. 8.99 1. 77 ± 3.34 0.0004 

2 10 e.l. 7.01 1. 54 ± 2.87 0.0004 

3 10 e.l. 3.36 0.17 ± 2.34 0.0004 

4 10 e.l. 12.1 3.06 ± 3.66 0.0008 

5 10 e.l. 3.0 o.ss ± 2.12 0.0001 

aAverage environmental level (e.l.l found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LOLl plutonium-238 in water is 3.0 x 10-12 uCi/mL. 

dDOE DCG for plutonium-238 in water is 400,000 x 10-12 uCi/mL • 

Table 18 - INCREMENTAL CONCENTRATIONS OF TRITIUM 
IN THE GREAT MIAMI RIVER IN 1987 

Number Tritium 
Percent ofd of (lo-6 uCi/mLl 

Location Sam:eles Minimum a Maximum a Avera9ea,b,c DOE DCG 

1 50 e.l. 0.65 O.Oi ± 0.05 0.004 

2 so e.l. 2.3 0.1 ± 0.1 0.005 

3 50 e.l. 0.57 0.05 ± 0.04 0.003 

4 50 e.l. 1. 45 0.09 ± 0.07 0.005 

5 so e.l. 0.64 0.05 ± 0.04 0.003 

. 
aAverage environmental level (e.l.l found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LOLl for tritium in water is 0.38 x 10-6 uCi/~ 

dDOE DCG for tritium oxide in water is 2,000 x 10- 6 uCi/mL • 
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Table 19 - INCREMENTAL CONCENTRATION OF URANIUH-233,234 AND URANtUI'{-2311 
IN THE GREAT MIAMI RIVER IN 1987 

Number Uranium-233,234 
ofd 

Uranium-238 Ratioe 
of oo-9 l!ci/mL) Percent (1o-9 l!ci/mL) Uranium-233,234 

Location Sameles Minimum a Maximum a a b c Averase ' ' DOE DCG Minimum a Maximum a Averagea,b,c Uranium-238 

10 e.l. 0.31 0.12 t 0.11 0.02 e .1. 0.2 0.06 ! 0.10 1.1 

2 10 e.l. 0.09 e.l. e.l. 0.11 e.l. 1.1 

3 10 e.l. 0.3 0.03 t 0.12 0.006 e.l. 0.2 e.l. 1.1 

4 10 e.l. 0.08 e.l. e.l. 0.09 e.l. ' 1 

5 10 e.l. 0.2 0.04 t 0.11 0.008 e.l. 0.06 e.l. 1.2 

aAverage environmental level (e.l.) found in Table 3 subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 95% confidence level. 

CLower detection limit (LDL) for uranium-233,234 is 0.02 x l0-9 ~Ci/mL. The LDL for Uranium-238 is 0.01 x 10-9 ~Ci/mL. 

dDOE DCG for uranium-233,234 in water is 500 x 10-9 ~Ci/mL. The DOE DCG for uranium-238 is fiOO x 10-9 ~Ci/mL. 

eEnvironmental l~vel not subtracted from these data • 
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Table 20 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN SURFACE WATER IN 1987 

Number Plutonium-238 
Percent ofd of no- 12 uCi/mL) 

Location Sameles Minimum a Maximum a Averasea,b,c DOE DCG. 

11 4 e.l. 0.49 e.l. 
12 4 e.l. e.l. e.l. 
13 4 e.l. 15.29 3.5 ± 19.5 0.0009 
14 4 e.l. e.l. e.l. 
15 4 e.l. 1. 94 e.l. 
16 4 e.l. e.l. e.l. 
17 4 e.l. 0.54 e.l. 

aAverage environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) plutonium-238 in surface water is 2.6 x 10- 12 uCi/mL. 

dDOE DCG for plutonium-238 in water is 400,000 x 10-12 uCi/mL • 

Table 21 - INCREMENTAL CONCENTRATION OF TRITIUM 
IN SURFACE WATER IN 1987 

Number Tritium 
Percent ofd of no- 6 JJCi/mL) 

Location Sameles Minimum a Maximum a Averasea,b,c DOE DCG 

11 7 e.l. 0.77 0.06 ± 0.35 0.003 

12 7 e.l. 0.52 e.l. 

13 7 e.l. e .1. e.l. 

14 7 e.l. 0.41 0.04 ± 0.25 0.002 

15 6 e.l. 0.61 0.09 ± 0.34 0.005 

16 7 e.l. e .1. e .1. 

17 7 e.l. 0.33 0.15 ± 0.24 0.008 

aAverage environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium in surface water is 0.25 x 10- 6 uCi/mL. 

dDOE OCG for tritium in water is 2,000 x lo- 6 uCi/mL . 
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Table 22 - TRITIUM LEVELS IN COMMUNITY DRINKING WATER IN 1987 

Number Tr.itium Percent 
of · (nCi/L) of EPA 

Location Samples Minimum a 
Maximum a Averagea,b,c Standard 

Bellbrook 10 0 0.68 0.12 ± 0.15 0.6 
Centerville 10 0.01 0.59 0.14 ± 0.12 0.7 
Dayton 10 0 0.63 0.12 ± 0.14 0.6 
Franklin 10 0.08 0.61 0.22 ± 0.11 1.1 
Germantown 11 0 0.59 0.1 ± 0.1 0.5 
Kettering 9 0 0.61 0.12 ± 0.15 0.6 
Miamisburg 11 0.24 1.18 0.69 ± 0.19 3.5 
Middletown 10 0 0.69 0.15 ± 0.14 0.8 
Moraine 10 0 0.6 0.1 ± 0.1 0.5 
Springboro 10 0.07 0.77 0.27 ± 0.14 1.4 
Waynesville 10 0 0.59 0.1 ± 0.1 0.5 
West Carrollton 9 0 0.58 0.13 ± 0.14 0.7 

aAverage environmental level (e.l.) not subtracted from the data. The EPA standard 
of 20 nCi/L assesses total concentration including background. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium in community drinking water is 
0.32 nCi/L •• 

these data because the EPA standard 

assesses total concentration including 

background •. 

Drinking water from private wells is also 

analyzed for tritium. The average con

centration of tritium for all private 

well locations was 4. 4 nCi/L, which is 

22% of the U. s. EPA Standard. These 

data are shown in Table 23. In addition, 

the average concentration of tritium in 

Mound's onsite wells was 4.1 nCi/L, which 

is 21% of the U. s. EPA standard. These 

data are shown in Table 24. 

Four private wells and Miamisburg city 

water were sampled and analyzed for 

plutonium-238. 

plutonium-238 

locations was 

is 0.00006% 

results are 

The average incremental 

concentration for these 
-1., 

0.24 x 10 ~ ~Ci/mL, which 

of the DOE DCG. These . 
shown in Table 25. In 

addition, the average incremental con

centration of plutonium-238 in Mound's 

30 

onsite wells was 1.5 x l0-12 ~Ci/L, which 

is 0.0004% of the DOE DCG. These results 

are shown in Table 26. 

Private wells and Miamisburg drinking 

water were analyzed for uranium-233, 234 

and uranium-238 during 1987. The average 

incremental uranium-233,234 concentration 

was 0.008 x 10-9 ~Ci/mL, which is 0.002% 

of the DOE DCG. The average incremental 

uranium-238 concentration was 0.02 x 

10-9 ~Ci/mL, which is 0.003% of the DOE 

DCG. In addition, the average incremen

tal concentrations of both uranium-233, 

234 and uranium-238 in Mound's onsite 

wells were at: the environmental level. 

These results are shown in Tables 27 and 

28. 

These concentrations are in the range 

found in ground water, and the ratio of 

uranium-234 to uranium-238 (1.0 to 1.3) 

is also in the expected range [15]. 
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Table 23 - TRITIUM IN PRIVATE WELLS IN 1987 

Number Tritium Percent 
of (nCi/L) of EPA 

Location Samples Minimum a· 
Maximum a Averagea,b,c Standard 

B-1 33 2.8 6.2 3.8 ± 0.2 19 

B-2 11 2.5 4 .• 1 3.6 ± 0.3 .18 

B-3 11 2.7 4.0 3.5 ± 0.3 18 

J-1 7 2.3 3.3 2.8 ± 0.3 14 

B-H 39 4.5 7.8 5.6 ± 0.2 28 

B-R 11 6.1 8.3 7.1 ± 0.5 36 

aAverage environmental level (e.l.) not subtracted from the data. The EPA 
standard of 20 nCi/L assesses total concentration including background. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower dete·ction limit (LDL) for tritiumin well water is 0.58 nCi/L • 

Table 24 - TRITIUM IN ONSITE WELLS IN 1987 

Number Tritium 
of (nCi/L) 

Location Samples Minimum a Maximum a Averagea,b,c 

71-1 33 2.4 8.7 4.9 ± 0.5 

71-2 25 3.5 7.3 4.7 ± 0.4 

76-1 41 1.2 6.7 2.7 ± 0.3 

Percent 
of EPA 

Standard 

25 

24 

14 

aAverage environmental level (e.l.) not subtracted from the data. The EPA 
standard of 20 nCi/L assesses total concentration including background. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium in well water is 0.58 nCi/L • 
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Table 25 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN PRIVATE WELLS 
AND MIAMISBURG MUNICPAL DRINKING WATER IN 1987 

Number 
of 

Location Samples Minimum a 

Miamisburg 10 e.l. 
B-1 3 e.l. 
B-2 4 e.l. 
B-3 4 e.l. 
J-1 4 e.l. 

Plutonium-238 
no- 12 uCi/mL) 
Maximum a 

11.5 
4.68 
3.55 
0.65 
0.55 

Averagea,b,c 

1.1 ± 4.2 
0.1 ± 17 

e.l. 
e.l. 
e.l. 

Percent ofd 

DOE DCG 

0.0003 
0.00003 

aAverage environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
.9 5% confidence level. 

CLower detection limit (LDL) for plutonium-238 in drinking water is 3.0 x 
10- 12 11Ci/mL. 

dDOE DCG for plutonium-238 in water is 400,000 x 10-12 uCi/mL. 

Table 26 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN 
ON SITE WELL WATER IN 1987 

Number Plutonium-238 
Percent ofd of no- 12 11Ci/mL) 

Location Samples Minimum a Maximum b Averagea,b,c DOE DCG 

71-1 10 e.l. 5.24 2.2 ± 2.6 0.0006 

71-2 8 e.l. 3.56 0.88 ± 2.96 0.0002 
76-·1 9 e.l. 5.1 1. 41 ± 3.14 0.0004 

aAverage environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for plutonium-238 in drinking water is 3.0 x 
10-12 uCi/mL. 

dDOE DCG for plutonium-238 in water is 400,000 x 10- 12 uCi/mL. 
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Number 
of 

Location Saml!les 

Miamisburg 10 

B-1 4 

B-2 4 

B-3 4 

J-1 4 

• 

Table 27 - INCREMENTAL CONCENTRATION OF URANIUM-233,234 AND URANIUH-238 
IN PRIVATE WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1987 

Uranium-233,234 . Uranilim-238 
(l0-9 I!Ci/mL) Percent ofd (lo-9 \ICi/mL) 

Minimum a Maximum a a b c 
Averase ' ' DOE DCG Minimum a Maximum a a b c 

Averase ' ' 

e.l. 0,06 0.04 t 0.16 0.008 0.09 0.12 0.11 :!: 0.09 

e.l. e.l. e.l. e.l. e.l. e.l. 

e.l. e,l. e.l. e .1. 0.04 e .1. 

e.l. e.l. e.l. e.l. 0.04 e.l. 

e.l. e,l. e .1. e.l. e.l. e .1. 

8 Average environmental level (e.l.) found in Table 3 subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 95% confidence level. 

Ratio e 

Uranium-233,234 

Uranium-238 

1.2 

1.2 

1.2 

1.3 

1.2 

CLower detection limit (LDL) for uranium-233,?.34 is 0.01 x to-9 11Ci/mL. The LDL for Uranium-238 is 0.01 x I0- 9 11Ci/mL. 

dDOE DCG for uranium-233,234 in water is 500 x I0-9 11Ci/mL. The DOE DCG for uranium-238 is 600 x I0-9 11Ct/mL. 

eEnvironmental level not subtracted from these data. 
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Number 
of 

Location Sameles 

71-1 10 

71-2 8 

76-1 9 

Table 28 - INCREMENTAL CONCENTRATION OF URANIUH-233,234 AND URANll~-23R 
IN ONSITE WELL WATER IN 1987 

Uranium-233,234 
Percent ofd 

Uranium-238 
(1o-9 11Ci/mL) ( 10- 9 IICi/mL) 

Minimum a Maximum a Averasea,b,c DOE DCG Minimum a Maximum8 Averaaea,b,c 

e.l. e.l. e.l. e.l. e.l. e .1. 

e.l. e.l. e.l. e.l. e.l. e.l. 

e.l. e.l. e .1. e.l. e.l. e .1. 

8 Average environmental level (e.l.) found in Table 3 subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 95% confidence level. 

Ratioe 
Uranium-233, ?34 

Uraniui!I-23R 

1.1 

1.0 

1.1 

CLower detection limit (LDL) for uranium-233,234 is 0.01 x 10-9 11Ci/mL. The LDL for Uranium-238 is 0.01 x 10-9 11Ci/mL. 

dDOE DCG for uranium-233,234 in water is 500 x 10- 9 11Ci/mL. The DOE DCG for uranium-238 is 600 x 10- 9 11Ci/mL. 

eEnvironmental level not subtracted from these data • 
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Water· Nonradioactive 
Mound discharged an average of 2. 9 

million liters (0. 76 million gallons) of 

water per day in 1987 to the Great Miami 

River. Nonradioactive pollutants in this 

effluent water are regulated by a 

National Pollutant Discharge Elimination 

System (NPDES) permit. This permit, 

issued by the Ohio EPA, requires Mound to 

characterize its effluent water by 

analyzing samples collected at four 

onsite locations. 

A 24-hr composite, flow proportional 

sample and a grab sample are collected 

from discharges 001-A, 001-B, and 002. 

D~scharge 001-A contains the effluent 

from the sanitary sewage treatment plant. 

Discharge 001-B includes storm water 

runoff, single-pass cooling water, cool-

ing tower 

backwash, 

discharge 

blowdown, zeolite softener 

boiler plant blowdown, and 

from the radioactive waste 

disposal facility. Discharge 002 con-

sists of single-pass cooling water, 

cooling tower blowdown, zeolite softener 

backwash, and most of the plant storm 

water runoff. A time proportional sam

ple (8-hr composite) and a grab sample 

are collected from the electroplating 

facility at discharge 001-C. 

Mound's NPDES permit was renewed in 

October 1985 for a five-year period. The 

permit limits are found in Table 29 and 

in the Appendix. Results of effluent 

analyses for 1987 are summarized in 

Table 2 9. These water samples were 

analyzed for water quality parameters 

according to methods found in Standard 

Methods Edition 16 [16]. 

The EPA also requires Mound to monitor 

the flow and pH from a well which is 

periodically pumped as a part of the 

Potable Water Standards 

proximately 5. 7 million 

Project. 

liters 

Ap

(1. 5 

million gallons) were pumped from this 

well, discharge 003, in 1987. The pH of 

the discharged water ranged from 7. 0 to 

7.1. This pumping was performed as part 

of an aquifer characterization study. 

There were 729 samples analyzed for NPDES 

parameters during 1987. During this 

year, Mound effluents did not exceed any 

daily maximum limits in the NPDES 

monitoring. The only NPDES exception 

occurred in May; the biochemical oxygen 

demand (BOD) of discharge OOlA averaged 

10.7 mg/L, which exceeded the 10.0 mg/L 

limit. During the first two weeks of 

May, the sanitary treatment plant experi

enced higher flow rates than normal. 

This resulted in a slightly lower 

treatment efficiency and was responsible 

for the elevated BOD values. Mound 

determined the intermittent increases in 

influent flow rates were caused by 

single-pass cooling systems which operate 

during peak loads. Subsequently, Mound 

has rerouted the drains from several of 

these cooling systems into storm sewers. 

The tap water discharge from these 

systems does not require processing at 

the sanitary treatment plant. 

In summary, Mound's 1987 effluents were 

in compliance with daily NPDES limits. 

The monthly average (BOD) exception was a 

minor deviation which had no significant 

impact on the water quality of the Great 

Miami River. Data from the u. s. Geolog

ical Survey show that flow in the Great 

Miami River at Miamisburg in 1987 aver

aged 1390 million gallons per day (MGD), 

.with a minimum and maximum of 243 MGD and 

11,600 MGD, respectively. The magnitude 
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Table 29 - NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM DATA FOR 1987 

Maximum NPDES Permit Limits 
No. of Annual Monthly 

Maximumb 
Monthly 

Parameter S~les Minimum Maximum Averaae Ave rase Averaae 

Discharse 001-A 

Flow Rate, MDGa Cont. 0.06 0.34 0.12 0.14 c c 

pH, s.u. 52 7.5 8.1 7.7 7.9 9 c 

Biochemical Oxygen, so <0.5 14.2 4.0 10.7 15 10 
Demand, mg/L 

Suspended Solids, mg/L 51 1.0 22.0 5.3 13.0 30 15 

Fecal Coliform, MPN/100 mL 27 <2 1100 24 162 2000 1000 

Residual Chlorine, mg/L 128 0.14 0.43 0.27 0.31 0.5 c 

Discharse 001-B 

Flow Rate, MGD Cont. 0.00 0.20 0.07 0.10 c c 

Chemical Oxygen 52 4 1325 88 228 c: c 

Demand, mg/L 

Suspended Solids, mg/L 52 5.3 43.3 20.0 26.8 45 30 

Grease and on. mg/L 15 0.2 4.0 1.8 3.8 10 c 

pH, s.u. 51 7.2 9.2 8.4 8.6 9.5 c 

Discharse 001-C 

Cyanide, mg/L 24 <0.04 0.22 <0.1 0.21 1 0.65 

Chromium, \lg/L 24 <50 <so <50 <50 500 c 

Cadmium, \lg/L 24 <10 <10 <10 <10 100 c 

Nickel, IJg/L 24 <50 <50 <50 <50 500 c 

Copper, IJg/L 24 <50 200 88 156 500 c 

pH, s .u. 24 7.2 8.2 7.6 7.8 9 c 

Total Toxic 4 <1.1 <l.l <1.1 <1.1 2.13 c 

Organics, mg/L 

Discharse 002 

Flow Rate, MGD Cont. o.oo 1.80 0.57 0.99 c c 

Suspended Solids, mg/L 51 3.3 32.7 15 •. 4 25.7 45 30 

pH, 52 7.2 8.6 8.2 8.4 9 
c 

s.u. 

8 Includes flow from 001-C. The maximum fl. ow from 001-C is approximately 2000 gal/day. 

b pH also has a minimum limit of 6.5. 

c:No limit applicable. 

of this river flow is significantly 

greater than Mound effluents, such that 

Mound effluents did not affect the Great 

. 36 

Miami River and its compliance with Ohio 

Stream Standards as shown in the 

Appendix . 

• 
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Foodstuffs and Vegetation · Radioactive 
Various locally grown foodstuffs and 

vegetation samples are collected from the 

surrounding area. The intent of this 

portion of the Environmental Monitoring 

Program is to determine whether there is 

significant uptake and concentration of 

radionuclides by plant or animal life. 

Samples .were collected in Miamisburg, 

Centerville, Bellbrook, Trotwood, Frank

lin, and Germantown. Centerville and 

Bellbrook are in the prevailing wind 

direction from Mound at a distance of 

8 km (5 mi) and 16 km ( 10 mi), respec

tively. Both communities are shown in 

Figure 1. Fish were collected in the 

Great Miami River. Mound's outfalls are 

shown as dotted lines in Figure 5. The 

plutonium-238 content of the foodstuff and 

vegetation samples is determined by ashing 

the samples, then proceeding with the 

same techniques used for plutonium-238 

analyses of air samples (see section on 

Air - Radioactive) . The tritium content 

of the foodstuff and vegetation samples 

is determined by distilling the water 

from the sample, then 

distillate for tritium. 

analyzing the 

The results of 

the foodstuff, vegetation, and fish 

analyses are summarized in Tables 30 and 

31. TRe concentration is given in terms 

of the sample weight (wet weight) before 

ashing or distilling. The samples of 

aquatic life analyzed included only the 

edible, fleshy portions of fish. These 

analyses indicate no evidence o: any 

significant uptake or concentration by 

plant or animal life of the radionuclides 

handled at Mound, and they are .consistent 

with data obtained in previous years 

(1980-1986). Environmental levels for 

foodstuffs and vegetation have been sub

tracted from the data (Table 3). 

Table 30 - INCREMENTAL PLUTONIUM-238 IN FOODSTUFFS AND VEGETATION IN 1987 

Location 

Miamisburg 

Centerville 

Bellbrook 

Trotwood 

Franklin 

Germantown 

Mound 
(outfall to river) 

Type of 

Sample 

Grass 
Potatoes 

Grass 
Potatoes 

Grass 
Potatoes 

Grass 
Potatoes 

Grass 
Potatoes 

Grass 
Potatoes 

Fish 

Number 
of 

Samples 

8 
4 

8 
4 

8 
4 

8 
4 

8 
4 

8 
4 

4 

Minimum a 

0.49 
e.l. 

e.l. 
e.l. 

e.l. 
e.l. 

e.l. 
e.l. 

e.l. 
e.l. 

e.l. 
e.l. 

0.02 

Plutonium-238 
no- 9 11Ci/gl 
Maximuma Averagea,b,c 

2.34 
0.41 

0.21 
e.l. 

0.27 
0.14 

0.09 
0.07 

0.18 
0.23 

0.51 
0.27 

0.13 

1.05 ± 0.57 
0.16 ± 0.42 

e.l. 
e.l. 

0.03 :t 0.23 
e.l. 

e.l. 
0.01 ± 0.18 

e.l. 
0.06 :t 0.30 

0.11 ± 0. 28 
0.14 :t 0.29 

o.oa t o.l6 

aAverage environmental level (e.l.) found in Table 3 subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level . 

cLow~r detection limit (LDL) for plutonium~238 in grass is 0.09 x 10- 9 11Ci/g. 
For plutonium-238 in potatoes, the LDL is 0.08 x 10- 9 11Ci/g. For plutonium-238 
in fish, the LDL is 0.06 X 10- 9 11Ci/g. 
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Table 31 - INCREMENTAL CONCENTRATION OF TRITIUM IN VEGETATION IN 1987 

Location 

Miamisburg 

Centerville 

Bellbrook 

Trotwood 

Franklin 

Germantown 

Type of 
Sample 

Grass 
Tomatoes 

Grass 
Tomatoes 

Grass 
Tomatoes 

Grass 
Tomatoes 

Grass 
Tomatoes 

Grass 
Tomatoes 

Number 
of 

Samples 

8 
4 

8 
4 

8 
4 

8 
4 

8 
4 

8 
4 

Minimum a 

1. 31 
0.57 

e .1. 
0.11 

e.l. 
e.l. 

0.5 
0.07 

0.35 
e .1. 

e .1. 
0.05 

Tritium 
no-s 11Ci/gl 
Maximum a 

2.43 
0.94 

2.3 
0.35 

0.61 
0.23 

0.61 
0.13 

0.96 
0.17 

0.94 
0.11 

Averagea,b,c 

1.89 ± 0.64 
0.71 ± 0.27 

1.08 ± 1.17 
0.2 ± 0.2 

0.3 ± 0.'6 
·o.o8 ± 0.21 

0.6 ± 0.5 
0.1 ± 0.1 

0.65 ± 0.56 
0.09 ± 0.15 

0.28 ± 0.75 
0.09 ± 0.11 

aAverage environmental level (e.l.) found in Table 3 subtracted from data. 

bError limits are estimates of the standard error of the estimated means at 
the 95% confidence level. 

CLower detection limit (LDL) for tritium in grass is 0.1 x 10-6 11Ci/g. 
For tritium in tomatoes, the LDL is 0.05 x 10 -6 11 Ci/g. 

•• 
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Silt· Radioactive 
Silt samples were collected from the 

river and surface water sample locations 

shown in Figure 5. 

The results of the silt sample analyses 

are found in Tables 32 and 33. No 

adverse impact to the environment could 

be determined from the radionuclide 

levels found in these sediments. 

Table 32 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN SILT 
FROM RIVER SAMPLING LOCATIONS IN 1987 

Number Plutonium-238 
of (10-9 l!Ci/gl 

Location Samples Minimum a Maximum a Averagea,b,c 

1 4 0.04 29 7 ± 23 

2 4 e.l. 46 22 ± 30 

3 4 15 59 37 ± 29 

4 4 133 2257 667 ± 1687 

5 4 7.4 55 25 ± 34 

aAverage environmental level (e.l.) found in Table 3 subtracted 
from data. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level . 

CLower detection limit (LDLf for plutonium-238 in silt is 
0.3 X l0-9 ~Ci/g. 

Table 33 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN SILT 
FROM SURFACE WATER LOCATIONS IN 1987 

Number Plutonium-238 
of (10- 9 l!Ci/gl 

Location Sam;eles Minimum a Maximum a Averagea,E,c 

11 4 e.l. 0.17 0.05 ± 0.67 

12 4 0.08 1.3 0.56 ± 1.1 

13 4 0.01 1.2 0.6 ± 1.0 

14 4 e.l. 0.33 0.03 ± 0.89 

15 4 0.13 3.1 1.9 ± 2.1 

16 4 e.l. 0. 72 0.2 ± 1.1 

aAverage environmental level (e.l.) found in Table 3 subtracted 
from data. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

CLower detection limit (LDL) for plutonium-238 in surface water 
silt is 0.2 x l0-9 ~Ci/g . 
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Evaluation of Effective Dose 
Equivalent to the Public 
The dose assessment techniques have been 

revised according to the Department of 

Energy guidelines. The "effective dost 

equivalent" is used in the dose assess

ment evaluation in this report [4]. 

The effective dose equivalent values for 

the plutonium-238 and tritium exposures 

from the air, water, and vegetation 

pathways are calculated and summed to 

estimate the maximum dose at the site 

boundary and to the individual. The 

general assumptions used in these deter

minations follow. 

The solubility of ingested or inhaled 

plutonium-238 in the receptor is unknown. 

However, it is highly probable that most 

40 

of the plutonium-238 is in the oxide 

form, which is very insoluble. In order 

to provide a realistic but conservative 

effective dose equivalent estimate, it is 

assumed that 50% of the plutonium-238 

which is inhaled is soluble (class W) and 

SO% is insoluble (class Y). It is also 

assumed ·that the plutonium-238 that is 

ingested is soluble (fl = 10-4). 

The term •effective dose equivalent," as 

used in this report, is that cumulative 

effective dose equivalent for a period of 

SO yr from 1 yr of exposure to a given 

radionuclide. This effective dose 

equivalent is composed of the sum of the 

effective dose equivalents from the air, 

water, and foodstuffs pathways. 

• 

• 
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Dose Assessment Assumptions 
and Methodology 
The effective dose equivalent estimates 

for plutonium-238 and tritium were based 

on environmental monitoring data for 

1987. The estimates for maximum effec

tive dose equivalent in air at the site 

boundary and maximum effective dose 

equivalent to individuals were based on 

the ·maximum onsite 

concentration of 

incremental average 

plutonium-238 and 

tritium 

samplers 

(oxide) in air 
' (sampler 213, 

sampler 213, Table 13, 

from onsite 

Table 11, and 

respectively) . 

These samplers are in proximity to the 

site boundary. 

The estimates for water for maximum 

effective dose equivalent at the site 

boundary and in·individuals were based on 

the maximum average incremental concen

tration of plutonium-238 and tritium in 

wells. The maximum offsite average 

concentration of plutonium-238 was the 

Miamisburg community water location and 

for tritium it was the average at 

location BR. 

The terms 

equivalent 

"maximum effective 

at the site boundary" 

dose 

and 

"maximum effective dose equivalent to 

individuals" refer to the maximum dose 

equivalent for individuals to receive, 

assuming they remain at the site boundary 

24 hr/day, 365 days/yr. During this 

continuous occupancy, it is assumed that 

the individual continually breathes air 

with maximum concentrations of radionu

clides found at the onsite samplers. It 

is also assumed that the same individual 

consumes all his drinking water at the 

maximum radionuclide concentraeions found 

in offsite wells. In addition, the same 

individual is assumed· to consume a 

portion of foodstuffs with the maximum 

radionuclide concentrations found off

site. All of these contributions, air, 

water, and foodstuffs, are added to 

obtain an estimate of the total maximum 

effective dose equivalent. The estimated 

contributions from each pathway and the 

estimated total maximum effective dose 

equivalent are shown in Table 34. 

Table 34 - EFFECTIVE DOSE ESTIMATES 

Pathway 

Air 

Water 

Foodstuffs 

TOTAL 

MAXIMUM EFFECTIVE DOSE COMMITMENT AT THE SITE 

BOUNDARY AND TO INDIVIDUALS IN THE POPULATION 

... -Plutonium Tritium Total 

(mrem) (mrem) (mrem) (mSv) 

0.6 0.03 0.63 (0.0063) 

0.0003 0.32 0.32 (0. 0032) 

0.05 0.03 0.08 (0.0008) 

0.65 0.38 1. 03 (0.0103) 

Percent 

of DOE 

Standard 

0.-63 

0.32 

0.08 

1.03 
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The maximum dose to an individual from 

Mound's operations is an estimated 

1.03 mrem which is 1% of the DOE standard 

of 100 mrem. To put this 1.03 mrem into 

perspective, one jet flight over th.~ 

Atlantic would expose an individual to 

2.6 mrem [17). In addition, if an 

individual from Ohio would move to 

Colorado for one year, he would receive 

an additional 75 mrem as compared to 

living in Ohio for that one year (18,19}. 

The person-rem dose equivalent estimate 

calculation was based on tritium (oxide) 

and plutonium-238 data from environmental 

air sampling stations in two ranges: 

0-8 km (0-5 mil and 8-21 km (5-20 mil. 

T!:le 0-8 km range includes 10 samplers 

within 1.6 km (1 mil of Mound. 

The average concentration of tritium 

(oxide) and plutonium in air was obtained 

by averaging concentrations found at 10 

offsite tritium air samplers and then 

subtracting ·the concentration found at 

sampler #119. From this average concen

tration, a.dose equivalent was determined 

and multiplied by the number of people 

from 0 to 8 km. 

The average tritium (oxide) concentration 

from the four other offsite samplers 

(less the concentration at sampler 119) 

was used to obtain the person-rem from 8 

to 32 km. Eight area segments from 8 to 

32 km were obtained by letting each 

sampler represent one segment concentra

tion and the average of two adjacent 

samplers represent another segment. 

These segment concentrations were then 

multiplied by their respective population. 

42 

Using the concentrations from the four 

samplers and this averaging technique 

gives a more realistic· population dose 

value. 

The person-rem from tritium (oxide) and 

plutonium-238 in community drinking water 

was based on average concentrations · of 

tritium (oxide) and plutonium-238 in 

various community water supplies, less 

appropriate environmental levels, and 

weighting these concentrations with re

spective populations. 

The person-rem from foodstuffs was based 

on average incremental concentrations of 

tritium (oxide) and plutonium-238 found 

in foodstuffs weighted with assumed 

consumption quantities and 

The total person-rem was 

adding the effect from the 

and foodstuffs pathways. 

population. 

obtained by 

air, water, 

It is estimated that the total population 

from 0 to 32 km is receiving 12 person

rem from Mound's emissions. The remain-
' 

ing population from 32 km to 80 km (20 to 

50 mil is expected to receive negligible 

dose commitment from tritium (oxide) and 

plutonium-238 emissions. Thus, the 

effective dose equivalent from Mound's 

emission is estimated to be 12 person-rem 

for the o-ao km range. 

For comparison, the population effective 

dose values from natural radiation, 

including cosmic rays, terrestrial, and 

internal radiation, would be approximate

ly 300 mrem per person or 1,000,000 

person-rem for the 0 to ·80 km (50 mil 

range [20]. 

• 
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AIRDOS·EPA Calculations 
A copy of the AIRDOS-EPA computer code 

was obtained from Oak Ridge National 

Laboratory (ORNL). Appropriate meteoro

logical data for 1987 from the National 

Weather Service facility at Dayton were 

used. The computer code was executed for 

compliance with 40 CFR 61. These data 

are reported to the u. s. EPA. 
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Appendix 

Applicable Standards 
RADIOACTIVE STANDARDS 

In conformance with the u. S. Department 

of Energy memoranda "Radiation Standard 

for Protection of the Public in the 

Vicinity of DOE Facilities" (8/5/85) and 

"Preparation of Annual Site Environmental 

Reports for Calendar Year 1985" (i/28/86), 

environmental sample results were used to 

estimate doses to compare with the DOE 

and EPA standards listed below. 

RADIATION STANDARDS FOR PROTECTION OF THE 

PUBLIC IN THE VICINITY OF DOE FACILITIES 

Dose Limits 

1. ALL PATHWAYS 

The effective dose equivalent for any 

member of the public from all routine DOE 

operations 1 (natural background and 

medical exposures excluded) shall not 

exceed the values given below: 

Occasional annual 
exposuresl 

Prolonged period of 
exposurel 

Effective Dose 
EJuivalenta 

mrem yr (mSv/yr) 

500 (5) 

100 (1) 

No individual organ shall receive a 

committed effective dose equivalent of 

5 rem/yr (50 mSv/yrl or greater. 

1 Routine DOE operations means normal planned 
operations and does not include actual or 
potential, accidental or unplanned -releases. 

3 Effective dose equivalent will be expressed in 
rem (or millirem) with the corresponding value 
in Sievert Cor milliSievert) in parenthesis. 

3 For the purposes of these standards, a prolonged 
exposure will be one that lasts, or is predicted 
to last, longer than 5 years. 

2. AIR PATHWAY ONLY 

(Limits of 40 CFR 61, Subpart Hl 

Dose Eauivalent 
mrem/yr (msv/yr) 

Whole body dose 

Any organ 

25 

75 

(0. 25) 

(0.75) 

Drinking Water 

As of June 24, 

water quality 
1977, community drinking 

is regulated by the 

EPA National Interim Primary Drinking 

Water Regulations for Radionuclides. 

The new standard for tritium 20 x 

10-6 ~Ci/mL (20,000 pCi/L). 

~ 
There are no guidelines established for 

radioactive species in soil. (The u.s. 
EPA has guidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

Water 

The Ohio EPA . has issued a discharge 

permit under NPDES regulations governing 

Mound's liquid effluent streams. This 

permit is for the period from October 1, 

1985, to September 27, 1990. The dis

charge limitations for each effluent 

stream are as follows: 

Discharge 001-A 
EPA #601 

Residual Chlorine* (mg/Ll 

BODS (mg/L) 

Suspended Solids· (mg/L) 

Fecal Coliform* (n/100 mL) 

pH (s.u.) 

*May 1 through October 31 

7-day Monthly 
Avera~e Avera2:e 

0.5 

15. 10. 

'30. 15. 

2000. 1000. 

6.5 - 9.0 
(daily limit) 
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Discharge 001-B 
EPA #602 

COD (mg/L) 

Suspended Solids (mg/L) 

Oil/Grease (mg/Ll 

pH (S.U.) 

Discharge 001-C 
EPA #603 

Cyanide (mg/L) 

Chromium l11g/L) 

Cadmium (llg/L) 
Nickel l11g/L) 

Copper f11g/LJ 

Total Toxic Organics 
11/quarter) ( 11 g/L) 

Discharge 002 
EPA #002 

Suspended Solids 

pH (S.U.) 

Daily Monthly 
~ Limit 

(Monitor only) 

45. 30. 

10. 

6.5-9.5 

Daily Monthly 
Limit Limit 

1.0 0.65 

500. 

100. 
500. 

500. 

2130. 

Daily Monthly 
Limit Limit 

45. 30. 

6.5-9.0 

The Ohio EPA has established Water 

Quality Standards (3745-1-01-3745-1-09). 

The .standards listed below are excerpted 

from these regulations. These standards 

are stream standards and apply to a 

stream beyond a suitable mixing · zone 

permitted for discharges. They should 

not be compared with effluent concentra

tions. 

Constituent 

Average 
Concentration 

(mg/L) 

Dissolved Oxygen 5.0 

pH (pH units) 6-9 

Fecal Coliform (N/100 mLJ 200 per 100 mL 

Dissolved Solids 1500 

Ammonia 

Arsenic 

Barium 

Cadmium 

Chloride 

46 

1.5 

0.05 

0.8 

0.005 

250 

Constituent 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 

Manganese 

Mercury 

Oil and Grease 
Phenols 

Selenium 

Silver 

Copper. 
Zinc 

Average 
Concentration 

(mg/L) 

0.05 

0.005 

1.3 
0.5 

1 

0.04 

1 

0.0005 

5 

0.01 
0.005 

0.001 

0.005 - 0.075* 
0.075 - 0.5* 

*Dependent on Caco3 hardness. 

Effective Dose Equivalent Calculations 
The effective doses from both plutonium-

238 and tritium oxide are calculated in a 

similar manner then summed for the signi

ficant pathways. The result is one value 

which represents a weighted result which 

is compared to the DOE standard shown 

above. 

The technique in detail involves deter

mining the concentration of the radio

nuclide through environmental monitoring 

then calculating the total effective dose 

equivalent by: 

DE 

where 

DE = total Effective Dose Equivalent 

(Dose integrated through 50 years 

from 1 year of exposure) 

(mrem/50 year). 

• 
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N 
l:R 
1 

p 
l: 
1 

Sum of the different radionuclides 

Sum of the different pathways -
air, water, and foodstuff 

Average concentration of the 

radionuclide 

Ia Annual intake of the environmental 

media [1,2] 

Dose factors for the particular 

radionuclide and type of intake 

[3] 

cF = Conversion factor to convert 

various units into units which 

can be used with DOE effective 

dose conversion factors 
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Foreword 
This report was prepared by the Environmental Section of the 

Administration Department at Monsanto Research Corporation - Mound 

pursuant to DOE Order .54 8 4. 1 for . the calendar year 19 8 6. Sample 

analyses and data reduction were performed by the Environmental 

Laboratory Group. Particulate samples offsite were collected by the 

Air Pollution Control Section of the Montgomery County Combined 

General Health District, which acts as the Regional Air Pollu~ion 

Control Agency in this area for the Ohio Environmental Protection 

Agency. All ·Other sampling was performed by personnel in the 

Environmental Section. 
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Introduction 
Mound is a government-owned facility 

operated by Monsanto Research Corporation 

for the u. s. Department of Energy (DOE). 

Occupying 1.24 kma (306 acres) of land in 

Miamisburg, Ohio, the Mound facility is 

approximately 16 km (10 mi) southwest of 

Dayton, Ohio. The predominant geographi

cal feature in the five-county region 

surrounding Mound is the Great Miami 

River, which flows from northeast to 

southwest through the city of Miamisburg. 

The river valley is highly industrialized. 

.BROOKVILLE 

TROTWOOD Q 
Al19 

EATON 

The remainder of the region is predomi

nantly farmland, dotted with light. 
industry and small communities. The 

locations and populations of these 

communities are shown in Figure l. The 

population distribution surrounding Mound 

is shown in Figure 2. Drinking water for 

the area is obtained from a buried valley 

aquifer that generally follows the Great 

Miami River. The primary agricultural 

activity in the area is raising field 

crops such as corn and soybeans. 

Approximately 10% of the land in 

VANDALIA. 

• 

A AIR SAMPLING STATIONS 
I'OI'IIU.TIOMS OP CITIU 

.2500-50GO 
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• 

FIGURE 1 - Offsite air sampling locations. 
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agricultural use is devoted to pasturing 

livestock [1]. 

The climate in the area is considered 

moderate. Average annual precipitation 

is 91 em (36 in.) and is evenly distri

buted throughout the year. Precipitation 

measured at Mound in 1986 was 94 em 

(37 in. l. Winds are predominantly from 

the south or west, except during the 

summer, when they are recorded more 

frequently from out of the southwest [2]. 

The annual average wind speed measured by 

the National Weather Service at Dayton, 

Ohio, for 1986 was 3-.9 m/s (8.7 mi/hrl. 

Figure 3 shows the wind rose for 1986 

compiled by the National Weather Service 

at Dayton, and Table 1 shows average wind 

speed and percent frequency for each of 

16 wind directions. 

N 
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FIGURE 3 The relative frequency of 
winds from different directions from the 
National Weather Service, Dayton, ·ohio, 
for 1986. 
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In 1949, Mound began operations for the 

production of nuclear weapon components. 

Currently, its mission includes (1) re

search, development, engineering, produc

tion, and surveillance of components for 

DOE weapons programs; 1 (2) separation, 

purification, and sale of stable isotopes; 

and (3) DOE programs in nuclear safe

guards and waste management, heat source 

testing, and fusion fuel systems. The 

radionuclides of primary concern that 

result from Mound's current or past 

operations are plutonium-238 (Pu-238) and 

tritium (HT, HTO). 

Radionuclides in particulate form are 

removed from process air effluents by 

high efficiency particulate air (HEPA) 

filters. Air effluents are filtered 

first at their points of or~g~n (i.e. , 

gloveboxesl and then just before reaching 

Table 1 - PERCENT FREQUENCY OF WIND 
DIRECTION AND WIND SPEED FROM THE 

NATIONAL WEATHER SERVICE, 
DAYTON, OHIO, FOR 1986 

Average 
Percent Speed 

Direction Freguenc:t;: (m/s) 

N 5.1 4.0 
NNE 3.2 3.9 
NE 3.5 3.7 
ENE 4.2 3.2 
E 5.7 3.6 
ESE 2.9 3.8 
SE 4.4 3.4 
SSE 4.6 3.4 
s 10.0 4.0 
ssw 11.6 4.7 
sw 11.4 4.6 
WSW 6.9 4.3 
w 9.3 4.6 
WNW 6.3 4.5 
NW 5.9 4.5 
NNW 5.0 4.3 

Average 3.9 

Total relative frequency of calms 
distributed above is 5.6% 
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the release point (i.e., the stack). The 

filtering system at the stack comprises 

two banks of HEPA filters in series, each 

bank having a collection efficiency of 

99.95%. Radionuclides are removed from 

liquid effluents, such as process wastes, 

by chemical processing. Solid radioac

tive wastes are packaged and shipped 

offsite for burial at approved burial 

sites. Wastes generated in the process

ing of explosive materials are collected 

and disposed of according to the Defense 

Armament and Research Command (DARCOM) 

Regulation 385-100 and DOE/EV/06194-1. 

An onsite, sanitary waste treatment plant 

provides secondary treatment, in accor

dance with u.s. Environmental Protection 

Agency (EPA) requirements [ 3) , using an 

activated sludge process operating in the 

extended aeration mode. The waste treat

ment plant was upgraded in 1986 by the 

installation of a continuous backwash 

sand filter. All domestic sewage gen

erated onsite is treated in this facility. 

The i~fluent and effluent at the sewage 

treatment plant are monitored for radio

activity to ensure no undetected release 

can occur to the environment via the 

sanitary sewage plant. All wastewater, 

after appropriate treatment, is dis

charged from the site to the Great Miami 

Ri"ver. Digested sludge from the sewage 

plant is shipped offsite as low specific 

activity (LSAI -radioactive waste for 

burial at an approved burial site. 

Nonradioactive solid wastes are disposed 

of according to a recycling and reclama

tion program whenever possible. White 

paper, scrap metal, and wood are sold for 

reclamation. During 1986, general refuse 

was transported to a sanitary landfill 

site approved by both the state and 

county. Hazardous wastes are container

ized, manifested, and moved offsite by a 

commercial-industrial waste disposal firm 

for treatment or disposal using EPA

approved procedures. 

Mound's compliance with regulations pre

scribed by DOE for the safety of its 

employees and the public has been demon

strated throughout the history of the 

facility. The fundamental objective of 

the Mound Environmental Control Program, 

an ongoing program since Mound began 

operations, is the containment of radio

active discharges to levels well within 

the existing standards. -As part of this 

program, waste streams are monitored and 

controlled at each operating step, 

resulting in no more than low-level 

releases of airborne or liquid wastes to 

the environment. With early detection, 

control techniques can be implemented, 

thus ensuring that concentrations are 

well within existing standards and fol

low the •as-low-as-reasonably-achievable" 

(ALARA) DOE guideline. 

The same objective -- control to levels 

well within applicable standards 

applies to nonradioactive discharges. 

This· is achieved primarily by directing 

waste streams to the appropriate waste 

treatment system; e.g., sewage treatme~t 

plant, solvent collection system, or 

filtration. _ ALARA guidelines are also 

maintained for nonradioactive discharges. 

As part of the Mound Environmental 

Program monitoring functions, air, water, 

vegetation, foodstuffs, and sediment sam

ples are collected from the environment 

at distances up to 64 km (40 mil from 

Mound's boundaries. ~hese samples are 

then analyzed for the specific radionu

clides handled at Mound. A summary of 

the monitoring program is shown in 

Table 2. 
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~------------------------- Table 2 - MONITORING PROGRAM 

Air Surveillance 

Offsite: 14 locations 

Onsite: S locations 

Stack Emission: lS locations 

Water Surveillance - Offsite 

River: S locations 

Pond: 8 locations 

Municipal Drinkinq Water: 
12 locations 

Well Water: 6 locations 

Water Surveillance - Onsite 

·Effluent Water: 

3 locations 

1 location 

Silt Surveiilance - Offsite 

River: S locations 

Pond: 7 locations 

Vegetation and Foodstuff Surveillance 

Veqetation: 6 locations 

Foodstuffs: 6 locations 

Environmental Level Surve1llance 

Five Mediums 

6 locations 

aHTO,HT - Tritium 
Pu - Plutonium 
u - Uranium 

Samplinq 
Fre9:!!enc:i 

Weekly 

Weekly 

Daily 

Daily 

Quarterly 

Quarterly 

Monthly 

Daily 

Semimonthly 

Quarterly 

Quarterly 

Quarterly 

Semiannually 

Annually 

Quarterly 

BODs - Five-day biochemical oxyqen demand 
COD - Chemical oxygen demand 

Parameter Measureda 

HTO, Pu, particulate 

HTO, Pu, particulate 

HT, HTO, Pu, u 

HTO, Pu, U 

HTO, Pu, U 

HTO, Pu 

HTO, Pu 

Flow, suspended solids, 
BODS, fecal coliform, 
pH, oil and qrease, 
COD, residual chlorine, 
dissolved solids, HTO, 
Pu, U 

Cyanide, chromium, 
cadmium, nickel, copper 

Total toxic orqanics 

Pu 

Pu 

HTO, Pu 

HTO, Pu 

HTO, -Pu 
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The results of the environmental analyses 

for 1986 are provided in this report. 

The primary purpose of the report is to 

detail what impact, if any, Mound's 

operations have had on the environment in 

1986. Several terms that are used 

throuqhout this report are 

below. The concentrations 

described 

of various 

radionuclides reported here that result 

from Mound's 

"incremental.• 

operations 

The term 

denotes a concentration 

are termed 

"incremental" 

value that 

exceeds normal environmental 

the same radionuclide. The 

levels of 

•environ

backqround mental level" is the 

concentration found in the environment 

at a distance from the plant where Mound 

operations would have no impact. These 

environmental levels are subtracted from 

all onsite and offsite data except where 

noted. Some individual values may be 

neqative and are included as such in 

averaqes. These values, if neqative, are 

reported as the averaqe environmental 

level (e.l.). Environmental levels of 

radionuclides in various media as 

measured durinq 1986 by Mound are shown 

in Table 3 . 

To determine concentrations of radionu

clides found in the environment, the 

instrument backqround and reaqent blanks 

were subtracted from the sample count. 

This value was then used in averaqes. 

The incremental concentration was ob

tained by subtractinq the environmental 

level (background concentration) from the 

concentration measured in the various 

environmental media. · 

For comparative purposes and for sinqle 

sample evaluation, the lower detection 

limit (LDL) is shown for each set of data 

in this report. The LDL is the estimated 

standard deviation of the blanks at the 

95% confidence level. 

The error estimates shown with each set 

of data are estimates of the standard 

error of the estimated mean at the 95% 

confidence level. These values include 

all sources of variability includinq 

samplinq, analyses, counting statistics, 

and the propagated error involved when 

the environmental levels are subtracted 

from the actual data. 
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Table 3 - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES 
IN VARIOUS MEDIUMS IN 1986 

Plutonium-238 in aira 

Tritium oxide in airb 

Plutonium-238 in river waterb 

Tritium in river waterb 

Plutonium-238 in surface waterc 

Tritium in surface waterc 

Plutonium-238 in well waterd 

Tritium in well waterd 

Uranium-233,234 in river waterb 

Uranium-238 in river waterb 

Plutonium-238 in river siltb 

Plutonium-238 in surface water siltc 

Tritium in grassc 

Tritium in tomatoese 

Plutonium-238 in grassc,f 

Plutonium-238 in potatoese 

Plutonium-238 in fishe 

aMeasured at offsite sampler 119. 

= 0.16 ± 0.35 X 10-18 ~Ci/mL 

= 0.91 ± 2.41 X 10-12 ~Ci/mL 

= 0.9 t 8.4 X 10- 12 ~Ci/mL 

= 0.05 t 

= 3.4 t 

= 0.06 ± 

= 3.1 :t 

= 0.05 t 

0.04 X 10-6 ~Ci/mL 

1.6 X 10-12 ~Ci/mL 

0.05 X 10-6 ~Ci/mL 

3.9 X 10-12 ~Ci/mL 

0.04 X 10-6 ~Ci/mL 

0.75 t 0.13 X 10-9 ~Ci/mL 

= 0.7 t 0.02 X 10-9 ~Ci/mL 

0.55 t 1.4 X 10-9 ~Ci/9 

= 0.02 t 1.6 X 10-9 ~Ci/9 

= 0.29 ± 0.06 X 10-6 ~Ci/9 

= 0.96 ± 0.12 X 10-6 ~Ci/9 

= n.d. 

= 0.02 ± 0.15 X 10-9 ~Ci/9 

= 0.09 ± 0.13 X 10-9 ~Ci/9 

bMeasured 32 km (20 mil upstream on Great Miami River. 

cMeasured 61 km (38 mil southeast of Mound. 

dMeasured 58 km (36 mil southeast of Mound. 

eMeasured 64 km (40 mil west of Mound. 

f(n.d.) environmental level cannot be detected above reagent blanks • 

• 

• 

• 
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Summary 
The local environment around Mound was , 

monitored primarily for tritium and 

plutonium-238. The results are reported 

for 1986. Environmental media analyzed 

included air, water, vegeta~ion, food

stuffs, and sediment. 

The average concentrations of plutonium-

238 and - tritium were within the DOE 

interim air and water Derived Concentra

tion Guides (DCG) for these radionuclides 

[ 4, 5]. 

The average incremental concentrations of 

plutonium-238 and tritium oxide in air 

measured at all offsite locations during 

1986 were 7.5 x l0- 18 ~Ci/mL and 10.4 x 

lo- 12 ~Ci/mL, respectively. These corre

spond to 0.03% and 0.01%, respectively, 

of the DOE DCGs for uncontrolled areas 

[5]. Details of the applicable standards 

are given in the Appendix • 

The average incremental concentration of 

plutonium-238 measured at all locations 

in the Great Miami River during 1986 was 

2.1 x 10-12 ~Ci/mL which is 0. 0005% of 

the DOE DCG. The average incremental 

concentration of tritium measured at all 

locations in the Great Miami River during 

1986 was 0.09 x 10-6 ~Ci/mL which is 

0.005% of the DOE DCG. 

Radionuclide effluent data for 1986 are 

summarized in Table 4. 

The average incremental concentrations of 

plutonium-238 found during 1986 in sur

face and area drinking water were less 

than 0.00006% of the DOE DCG. In 

addition, the average incremental concen

tration of tritium in surface water was 

less than 0.005% of the DOE DCG . 

Table 4 - EFFLUENT DATA FOR 1986 ~ 

Radionuclide Medium Quantity 

Tritium air 3555 Ci 

Tritium water 6.47 Ci 

Plutonium-238 air 5.8 X 10-6 Ci 

Plutonium-238 water 6.9 X 10-4 Ci 

Plutonium-239 air 1.3 X 10-7 Ci 

Plutonium-239 water 5.3 X 10-6 Ci 

Uranium-233,234 air 7.5 X 10-8 Ci 

Uranium-233,234 water 4.1 ·x 10-4 Ci 

Uranium-238 air 8.4 X 10-8 Ci 1 

All tritium in drinking water data is 

compared to the U. 5. EPA Drinking Water 

Standard. When these comparisons are 

made, no environmental level is subtract

ed from the data. The average concentra

tions in local private and municipal 

drinking water systems were less than 25% 

and· 1.5%, respectively, of the u. 5. ·EPA 

standard. 

The concentrations found in foodstuffs 

were extremely low. Although no DOE DCG 

is available for foodstuffs, the average 

concentrations are a small fraction of 

the water DCG (0.04%). Sediment samples 

were obtained at offsite surface water 

sampling locations. The concentrations 

of these samples were extremely low and 

therefore represent no adverse impact to 

the environment. 

The dose equivalent estimates for the 

average air, water, and foodstuff 

concentrations indicate that the levels 

are within 1% of the DOE standard of 

100 mrem [4}. The air emission dose as 

calculated with the ·EPA AIRDOS model is 

1% of the EPA air emission standard of 

25 mrem. The person-rem calculated to 

80 km for the total population as a 

11 



result of Mound operations during 1986 

was 16 person-rem. 

would result in 

Background radiation 

approximately 670,000 

person-rem for the area. 

Data for the emission of nonradioactive 

species into the atmosphere are also 

presented. All of these emissions were 

25% or less of the applicable air emis

sions standard. 

A National Pollutant Discharge Elimina

tion System (NPDES) permit regulates 

nonradioactive pollutants in Mound's 

12 

effluent water. The NPDES permit re

quires this effluent to be characterized. 

by analyzing samples collected at four 

onsite locations. Less than 0.5% of the 

820 NPDES measurements exceeded maximum 

permit limitations. Parameters involved 

were biochemical oxygen demand, fecal 

coliform, suspended solids, and copper. 

None of these exceptions, however, had an 

adverse impact on the water quality of 

the Great Miami River or caused the river 

to exceed Ohio Stream Standards which are 

found in the Appendix. 

• 

• 
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Environmental Surveillance 
Quality Assurance 
An essential part of Mound's Quality 

Assurance Program is the analysis of 

reference samples from reliable outside 

laboratories. During 1986, Mound ana

lyzed reference samples from DOE's 

Environmental Measurements Laboratory 

(EML) 1 from the 

Protection Agency 

private laboratory, 

Group, Inc. (APG) • 

u. s. Environmental 

(EPA) 1 and from a 

Analytical Products 

The EML samples 

contained trace radionuclides in air 

filters, 

The EPA 

water, soil, and vegetation. 

and APG samples contained 

nonradioactive contaminants in water. 

Concentrations of plutonium, uranium, and 

tritium in the EML samples analyzed in 

1986 are given in Table 5. Agreement 

between the Mound values and the EML 

reference values is better than 20% in 

all but two measurements. Two of the 

results, plutonium-238 and plutonium-239 

in vegetation were higher than the EML 

values by a factor of about two. When 

these results were obtained from EML, two 

additional vegetation samples were ana

lyzed for plutonium. The results of 

these two samples essentially agreed with 

the earlier measurements. The average of 

all four Mound measurements for Pu-238 

was 0.146 pCi/g ± 12%, and for Pu-239 it 

was 0. 0362 pCi/g ± 16%. The ratios of 

the average of the Mound measurements to 

the EML reference values are 2.17 for 

.Pu-238 and 2.13 for Pu-239, essentially 

the same as given in Table 5. 

It was postulated that there could 

possibly be an error in the value of the 

tracer that was used in this analysis. 

However, since the same tracer was used 

in the determination of plutonium in the 

Table 5 - MOUND'S DOE QUALITY ASSESSMENT PROGRAM RESULTS FOR 1986 

Concentration 
Sample Sample Concentration a Ratio 
~ No. Isotope Mound oo.5 Mound to EML 

Air Filter 8606 Plutonium-239 2.33 ± 6%c 2.39 ± 2%d 0.97 ± o.o6e 

Water 8606 H-3 20.7 ± 1% 21.8 ± 1% 0.95 ± 0.01 
Plutonium-239 0.061 ± 1% 0.056 ± 3% 1.09 ± 0.003 
Uranium-234 0.035 ± 1% 0.032 ± 12% 1.08 ± 0.13 
Uranium-238 0.034 ± 1% 0.033 ± 6% 1.04 ± 0.06 

Soil 8606 Uranium-234 0.46 ± 2% 0.56 ± 2% 0.82 ± 0.02 
Uranium-238 0.050 ± 2% 0.053 ± 6% 0.95 ± 0.02 

Vegetation 8606 Plutonium-238 0.132 ± 6% 0.067 ± 13% 1. 97 ± 0.28 
8606 Plutonium-239 0.033 ± 12% 0.017 ± 11% 1.94 ± 0.32 

~nits· are pCi/filter for air samples, pCi/mL for water, and pCi/g for soil and 
vegetation samples. 

bEnvironmental Measurements Laboratory. 

'iiound's errors are two sigma errors based on counting statistics or replicate analysis. 

dEML's errors are "standard errors of the mean." 

eThe error in the ratio is calculated as (SM2 + SE2 )~. where SM and SE are the Mound and 
EML relative errors • 
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air filter sample and this measurement 

showed excellent agreement with the 

reference value (see Table 5) , the tracer 

concentration was not believed to be in 

error. It was observed that four other 

laboratories also had unusually high 

results for the measurement of plutonium 

in the vegetation samples from EML. 

In Table 6 the Mound results in the 1986 

EPA Quality Assurance Program for the 

determination of nonradioactive 

ters in water are compared to 

"true values." All eleven 

parame

the EPA 

of the 

measured parameters were within the 

acceptance limits established by the EPA. 

A second part of Mound's Quality Assur

ance Program in the measurement of 

nonradioactive parameters in water 

involved the analysis of reference. 

samples prepared by Analytical Products 

Group, Inc. (APG). Analysis of these APG 

samples is part of. a Monsanto Company 

quality control program. Mound analyzed 

four sets of APG samples in 1986, and 

these results are summarized in Table 7. 

In the APG reports, the difference 

between the Mound value and the APG 

reference value is expressed as the 

number of standard deviations of the 

Mound value from the average determined 

for all participating laboratories. When 

this number of standard deviations from 

this average exceeds two standard devia

tions, this generally indicates a problem 

in the measurement. The range of the 

observed number of standard deviations 

Table 6 - MOUND'S 1986 EPA QUALITY ASSURANCE PROGRAM RESULTS FOR 
THE DETERMINATION OF NONRADIOACTIVE PARAMETERS IN WATER 

14 

Parameter 
Measured 

Cadmium 

Chromium 

Copper 

Nickel 

pH 

Total Suspended 
Solids 

Oil and Grease 

Total Cyanide 

Total Residual 
Chlorine 

Chemical Oxygen 
Demand 

5-Day Biochemical 
Oxygen Demand (BOD) 

True 
~ 

307 ug/L 

274 ug/L 

380 ug/L 

532 ug/L 

6.70 

35.6 mg/L 

16 mg/L 

1. OS mg/L 

1.14 mg/L 

97.9 mg/L 

63.8 mg/L 

310 ug/L 

270 ug/L 

360 ug/L 

540 ug/L 

6.65 

35 mg/L 

15.9. mg/L 

1.13 mg/L 

1 mg/L 

87 mg/L 

62 mg/L 

EPAb 
Acceptable 

Limits 

269-348 ug/L 

213-331 ug/L 

332-422 ug/L 

460-605 ug/L 

6.54-6.83 

26.6-37.5 mg/L 

7.4-22.1 mg/L 

0.609-1.36 mg/L 

0. 721-1.49 mg/L 

70.8-115 mg /L 

40.4-87.3 mg/L 

astandard deviations (precision) in Mound's values are generally ±10% 
or less; for BOD standard deviation is closer to ±30%. 

bAny measured concentrations falling in this range are considered 
acceptable by the EPA. 

• 

• 
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Table 7 - SUMMARY OF MOUND'S PERFORMANCE IN THE ANALYTICAL------, 
PRODUCTS GROUP PROFICIENCY TESTING PROGRAM FOR 1986 

Parameter Measured 
in Water 

Parameter Range 
Measured 

Range of Observed 
Number of Standard 
Deviations from 

the Average 

Biochemical Oxygen Demand 

Chemical Oxygen Demand 

Total Suspended Solids 

Oil and Grease 

13.4-275 mg/L 

21.6-42 mg/L 

36.4-429 mg/L 

0.1-1. 3 

0.1-1.2 

0.5-1.7 

0.1-0.8 

0.1-0.6 

0.1-2.2 

0.1-0.6 

0.1-0.7 

0.1-0.4 

0.1-2.3 

0.1-0.6 

pH 

Cyanide 

Residual Chlorine 

Cadmium 

Chromium 

Copper 

Nickel 

4.1-43.4 mg/L 

5.00-9.21 

0.18-2.55 mg/L 

0.27-5.07 mg/L 

29-238 IJg/L 

74-235 IJg/L 

46-163 IJg/L 

63-173 IJg/L 

from the average for each parameter 

measured is given in Table 7. For the 81 

measurements made on the standard APG 

samples, there were only two measurements 

where the Mound value varied from the 

average value by more than two standard 

deviations. 

One copper measurement was 2. 3 standard 

deviations from the mean1 the copper 

concentration measured, 46.3 IJg/L, is 

near Mound's lower detection limit for 

the measurement of copper. One cyanide 

measurement differed from the average by 

2. 2 standard deviations. This measure-

ment was for a rather ·low reference 

sample value of 0.18 mg/L, where Mound's 

measurement was 0.23 mg/L. Five other 

cyanide measurements differed from the 

average by 

deviation. 

less than one standard 

Another essential part of Mound's Quality 

Assurance Program is the determination of 

"blank values." A 

measurement result 

"blank value" is a 

for a contaminant 

determined by carrying out the chemical 

analysis procedure without a true sample, 

but rather using deionized water, a clean 

filter paper, or only the reagents used 

in the analysis. Analysis of "blanks" is 

essential because many of the samples 

analyzed show contaminant concentrations 

at or below the lower detection limit of 

the analytical method being used. Ana-

lyzing "blanks" is essential in verifying 

the absence of excessive laboratory 

contamination or detector background. 

Also, the standard deviation of the 

"blank values" is used to calculate lower 

detection limits, which are given with 

each set of environmental data in this 

report. 

Other aspects of Mound's Environmental 

Section quality control program have been 

documented in a quality control manual 

[6). 

In summary, along_ with a formal quality 

control program, the -agreement between 

Mound measured concentrations and 

reference values of EML, the EPA, or APG, 

indicates good reliability of the data 

generated in the routine environmental 

monitoring program • 
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Air - Radioactive 
In 1986, the offsite air-sampling network 

consisted of 15 continuously operating 

air-sampling stations used for sampling 

both tritium oxide and plutonium. Ten 

sampling stations are located within a 

1.6 km (1 mil radius of Mound, and four 

samplers are located in or near popula

tion centers. The remaining sampler 

(#1191 is approximately 44.8 km (28 mil 

from Mound in the least prevailing wind 

direction. This sampler receives no 

measurable contribution from Mound opera

tions and serves as a baseline sample for 

computing background environmental levels. 

The radionuclide concentrations from 

sampler #119 are subtracted from concen

trations detected at other locations. 

The samplers currently in operation are 

located at critical distances and direc-

tions, based on a diffusion model 

developed for Mound [7]. The locations 

of the sampling stations are shown in 

Figure 1. 

Two types of samples are 

each sampling station. 

collected 

One is 

at 

a 

particulate air sample for plutonium-238 

analysis, and the other, from a bubbler

type sampler, is for tritium oxide 

analysis. The particulate sample is 

collected on a 200-mm diameter Micro

sorban or fiberglass disk by a con

tinuously operating (24 hr/day, 7 days/ 

week) high-volume air sampler. The air 

is sampled at an average rate of 

1. 3 x 10 6 cml/min ('1.45 ftl /mini. The 

Microsorban disk is changed weekly and 

represents a sample of approximately 

13,000 ml of air. Individual sample flow 

rates are used to calculate concentra-

tions at each location. Plutonium-238 

analyses were performed on a monthly 

composite for three sampling locations, 

#122, #123, and il24, and on quarterly 

16 

composites for the other offsite loca-· 
tions. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: 

use of an internal tracer, chemical 

treatment, separation of plutonium with 

anion exchange resin, and alpha spec
trometry. 

The average incremental offsi te plutoni

um-238 air concentration for all loca

tions was 7.5 x l0-18 uCi/mL, which is 

0. 03% of the DOE DCG. The analytical 

results are summarized in Table 8. 

Table 9 shows concentrations of plutoni

um-239,240 and plutonium-238, including 

environmental levels for the sake of 

completeness. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at. 

approximately 3 x 10 3 cm 3 /min through 

200 mL of ethylene glycol. Ethylene 

glycol is used because this material 

eliminates evaporation and freezing prob-

lems associated with sample collection 

[8]. Tritium (oxide) in the. air is 

collected in the solution. Tritium oxide 

rather than elemental tritium is sampled 

and analyzed because about half of the 

tritium emission is in the oxide form, 

and the Derived Air Concentration is much 

more restrictive (25,000 times) than it 

is for elemental tritium [ 9] •. · A sample 

representing "'30 m, of air is collected, 

and an aliquot representing 0.15 ml is 

counted in a liquid scintillation spec

trometer. The average incremental con

centration of tritium oxide measured 

during 1986 for all offsite locations, 

not including the environmental level 

found at sampler #119, was 10.4 X 

10-12 uCi/mL. This concentration 



• 
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Table 8 - INCREMENTAL CONCENT~ATIONS OF PLUTONIUM-238 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1986 

Number Plutonium-238 
Percent ofd of (10" 1 B uCi/IIIL) 

Location Samples ~a ~a Averag:ea,5,c DOE DCG 

101 4 0.49 10.2 3.5 ! 7.24 0.012 
102 4 3.41 38.3 14.3 ! 26.2 0.048 
103 4 3.08 23.8 10.5 14.6 0.035 
104 4 0. 41 19.8 .5. 91 ! 14.8 0.02 
lOS 4 0.27 26.4 7.06 ! 20.5 0.024 
108 4 e.l. 0.26 e.l. 
110 4 e.l. 0.33 0.05 0.48 0.0002 
111 4 e.l. 0.56 0.3 0.56 0.001 
112 4 0.18 13.3 3.52 :t 10.3 0.012 

115 e.l. 0.81 0.27 ! 1. 21 0.001 

118 4 0.58 3.96 1. 94 2.4 0.007 

122 12 0.93 77.3 9.9 13.6 0.033 

123 10 1. 49 66.5 26.7 ! 17.8 0.089 
124 12 1.14 82.3 20.7 ! 16.4 0.069 

4 Average environmental level (e,l. I found in Table 3 is subtracted from the data. 

b!rror limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

CLower detection limit (LOLl for monthly values of plutonium-238 in air is 0.23 x 
1o·IB uCi/mL; tor quarterly values, 0.08 x 1o· 18 uCi/mL. 

dDOE DCG for plutonium-238 in air is 30,000 x 10" 18 uCi/~. 

I "'""'"' 
Table 9 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 

LEVELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1986 

Number Plutonium-239,240 Plutonium-238 
of (1Q·IB uCilmLI 11 o- I B uCi/IIIL) 

Samples ~a ~ Average6,c Averag:eE,c 

101 4 0.07 0.41 0. 25 0.24 3.66 ! 7.23 

102 4 0.05 0.37 0.28 0.25 14.5 ± 26.2 

103 4 0.03 0.39 0.24 0.25 10.6 14.6 

104 0.01 0.62 0.27 t 0.41 6.07 14.8 

105 4 0.08 0.41 0.27 0.24 7.22 t 20.5 

lOS 4 0.15 0.41 0.22 0.23 0.13 0.32 

110 4 0.25 0.58 0.29 ! 0.4 0.21 ± 0.33 

111 0.09 0.23 0.15 ! 0.15 0.46 0.43 

112 4 0.08 0.21 0.13 0.12 3.68 10.3 

115 3 0.11 0.28 0.15 t 0.28 0.43 ! 1.15 

118 4 0.07 0.38 0.2 ± 0.22 2. 1 ! 2.37 

119 4 0.05 0.28 0.18 ! 0.18 0.16 0.35 

122 12 n.d. 1.01 0.26 ! 0.19 10.1 ! 13.6 

123 10 n.d. 0.99 0.36 ± 0.24 26.8 ± 17.8 

124 12 n.d. l. 43 0.37 0.28 20.8 16.4 

4 The (n.d.) indicates that the values cannot be detected above the reagent 
blanks. 

bError limits are estimates of the standard error of the estimated means at the 
95\ confidence level. 

CLower detection limit (LOLl for mo.nthly values of plutonium-238 in air is 
0.23 x 10"' 8 uCi/mL; for quarterly values, 0.08 x 10" 18 uCi/mL. Lower 
detection limit (LOLl for monthly values of plutonium-239,240 in air is 
0.15 x to·t8 uCi/mL; for quarterly values, 0.04 x lo- 18 uCi/mL • 
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0. 01% of the DOE DCG. The results are 

summarized in Table 10. Environmental 

levels for plutonium-238 and tritium in 

air as measured at sampler #119 are shown 

in Table 3. These environmental levels 

of plutonium-238 and tritium in air are 

subtracted from the sample data. 

An.onsite perimeter network consisting of 

five continuous, high-volume air samplers 

is used to further assess the effective

ness of stack emission control systems. 

The onsi te sampling locations are shown 

in Figure 4. Particulate samples and 

tritium samples are collected by the 

onsite samplers at approximately the same 

flow rate as the offsite samplers and are 

analyzed in the same manner. 

18 

The average incremental plutonium-238 

concentration measured for all location~ 
onsite is 94 x lo-18 ~Ci/mL, which is 

0. 3% of the DOE DCG. The results are 

summarized in Table 11. Table 12 pre

sents onsite concentrations of plutonium-

239,240, and plutonium-238, including 

environmental levels, for the sake of 

completeness. The quantity of plutonium-

238 discharged to the atmosphere during 

1986 was 5.8 x 10-6 Ci. 

The average incremental onsi te tritium 

oxide concentration for all locations was 

25 x 10-12 ~Ci/mL, which is 0.03% of the 

DOE DCG. The results are summarized in 

Table 13. The quantity of tritium dis

charged to the atmosphere during 1986 was 

3555 Ci. 

• 

• 
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Table 10 - INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1986 

Number Tritium Oxide 
of no-12 uCi/mL) Percent ofd 

rJocation SamEles Minl.muma Maximum a Av~rage a, 6, c DOE DCG 

101 48 e.l. 85.8 24.5 ± 7.07 0.025 
102 so e.l. 120 23.2 ± 7.37 0.023 
103 49 e.l. 31.9 8.57 ± 4.36 0.009 
104 so e.l. 60.5 11 ± 4.87 0.011 
105 so e .1. 35.3 3.96 ± 4.03 0.004 
108 51 e.l. 37.2 5.61 ± 3.44 0.006 
110 49 e.l. 32.9 3.68 ± 3.69 0.004 

111 52 e.l. 59 3.63 ± 4.08 0.004 
112 47 e.l. 38.9 4.02 ± 3.89 0.004 

115 so e.l. 188 6.73 ± 8.36 0.007 

118 48 e.l. 32 4.5 ± 4 0.005 

122 52 e.l. 93.6 13.7 ± 5.72 0.014 

123 43 e.l. 53.5 12 ± 5.64 0.012 

124 48 e.l. 89.6 21.2 ± 5.75 0.021 

a . 
Average environmental level (e. 1 • ) · found in Table 3 subtracted from the data. 

hError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium oxide in air is 17 x lo- 12 uCi/mL. 

dDOE DCG for tritium oxide in .air is 100,000 x 10- 12 uCi/mL. This value has 
been adjusted to include the fraction of tritium oxide which is absorbed 
through the skin as part of the inhalation pathway. 

Table 11 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1986 

Number Plutonium-238 
Percent ofd of no-1s uCi/mL) 

Location SamEles Minimuma Maximum a Average a ,6, c DOE DCG 

211 11 8.29 388 125 ± 91 0.42 

212 12 4.19 194 53.4 ± 39.1 0.18 

213 12 53 447 178 ± 79.3 0.59 

214 12 7.35 372 93.4 ± 67.5 0.31 

215 12 1. 55 127 22.4 ± 22 0.08 

a Average environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

• 

• 
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Table 12 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL--------~ 
LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN 1986 

Number Plutonium-239,240 Plutonium-238 
of 0 0-1 8 uCi /mL) no-18 uCi/mLl 

Location Sameles Minimum l!i Maximum Averas:eo, c Averas:eJS,c 

211 11 n.d. 3.76 0.92 :!: 0.73 125 :!: 91 
212 12 n.d. 0.82 0.31 ± 0.2 53 .-s :!: 39.1 
213 12 0.53 5.53 1. 47 :!: 0.98 178 ± 79.3 
214 12 n.d. 1. 55 0.63 ± 0.36 93.6 ± 67.5 

215 12 n.d. 1.14 0.31 :!: 0.21 22.5 :!: 22 

aThe (n.d.) indicates that the values cannot be detected above the reagent 
blanks. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for monthly vRlues of plutonium-238 in air is 
0.23 x 1o-1e uCi/mL. Lower detection limit (LDL) for monthly values of 
plutonium-239,240 in air is 0.15 x lo- 1 8 uCi/mL. 

Table 13 - INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1986 

Number Tritium Oxide 
Percent ofd of ( 10- I 2 uCi/mLl 

Location sameles M.inimuml!i Maximum a Averas:ea,5,c DOE DCG 

211 50 e.l. 94 23.8 :!: 6.42 0.024 

212 51 e.l. 75.3 21.1 :!: 5.78 0.021 

213 50 2.19 123 40.9 :!: 8.74 0.041 

214 50 e.l. 100 21.3 :!: 6.67 0.021 

215 51 e.l. 64.4 15.5 :!: 5.45 0.016 

aAverage environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit ILDL} for tritium oxide in air is 17 x lo- 12 uCi/mL. 

dDOE DCG for tritium oxide in air is 100,000 x lo- 12 uCi/mL. This value has 
been adjusted to include the fraction of tritium oxide which is absorbed 
through the skin as part of the inhalation pathway • 
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Air· Nonradioactive 
The primary source of nonradioactive air

borne emissions is the Mound steam power 

plant. This plant is normally fueled 

with natural gas, but can burn fuel oil. 

During unusually cold weather, if the 

natural gas supply to Mound is inter

rupted, fuel oil with <1% sulfur content 

is burned. Approximately 87,000 liters 

(23,000 gall of fuel oil were burned 

during 1986. 

Additional sources of airborne emissions 

are as follows. A waterwash, paint spray 

booth is operated intermittently in the 

Mound paint shop. Wastes from operations 

involving explosives are disposed of by 

open burning under a permit issued by the 

Regional Air Pollution Control Agency 

(RAPCA). Fire-fighter training exercises 

are held at an open outdoor facility 

under a burning permit issued by RAPCA. 

Emissions from sources and the applicable 

emission standards are summarized in 

Table 14. The emissions were estimated 

from emission factors established by the. 

u.s. EPA [10]. Emission factors allow 

calculation of emissions based on 
quantity of material used or consumed. 

Nonradioactive airborne emissions at 

Mound were all within applicable stan

dards and had minimal impact on ambient 

air quality. This is further demon

strated by the particulate concentration 

data summarized in Tables 15 and 16. 

The data presented are weekly particulate 

concentrations measured at Mound's 

offsite and onsite air-sampling sites 

(Figures 1 and 4). The particulate con

centration at onsite locations is 

generally within the range of the offsite 

locations. The particulate concentration 

also appears to be independent of 

distance from Mound. This would suggest 

no influence from Mound operations. For 

comparison, the State of Ohio - Ambient 

Quality Standard for airborne particu-· 
lates is also given in Table 15. 

Table 14 - NONRADIOACTIVE AIRBORNE EMISSIONS - 1986 

Emission 
:!~~!~~a Source Pollutant Emission 

Powerhouse Particulates 0.005 lb/10 6 Btu Input 0.02 lb/106 Btu 

Powerhouse Sulfur Oxides 0.002 lb/10 6 Btu Input 1.6 lb/106 Btu 

Pc>int Shop Organics 0.7 lb/day 40 lb/day 

·Explosives Particulates 23 lb NA 
Burning 

Fire Fighter Particulates 19 lb NA 
Training 

aOhio EPA Air Pollution Regulations 3745-17-10, 3745-18-06, and 3745-21-07. 

NA - Not applicable. 
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% of 
Standard 
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0.1 

1.7 

NA 

NA 
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r------Table 15- 1986 PARTICULATE CONCENTRATIONS OFFSITE 

Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

119 

122 

123 

124 

Number 
of 

Samples 

49 

51 

52 

52 

52 

45 

42 

52 

so 
41 

so 
48 

52 

38 

52 

Particulatesa 
I!Jg/m 3 ) 

Minimum Maximum 

20 

12 

9 

5 

13 

7 

16 

16 

5 

11 

0.2 

4 

9 

16 

2 

85 

86 

47 

244 

57 

60 

54 

102 

48 

276 

68 

62 

46 

so 
54 

aOhio Ambient Air.Quality Standard= 60 ug/m 3 

(annual geometric mean). 

Annu~1a,b 

Arithmetic 
Average 
(ug/m 3 ) 

47 ± 4 

37 ± 4 

31 ± 2 

68 ± 13 

34 ± 3 

41 ± 3 

33 ± 3 

41 ± 4 

29 ± 2 

45 ± 13 

36 ± 4 

26 ± 3 

28 ± 2 

34 ± 3 

31 ± 3 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

These data are obtained'by the Mound air monitoring program 
and are indicative only of the particulate air loading of 
the Dayton metropolitan area. Mound particulate discharges 
presented in Table 14 make a negligible contribution to the 
surrounding area. Table 16 presents onsite particulate data. 

Table 16 - 1986 PARTICULATE CONCENTRATIONS ONSITE 

Annual a 
Number Particulates Arithmetic 

of l119:/m 3 l Average 
Location Sameles Minimum Maximum (ug:/m 3 ) 

I 

211 51 7 123 52 ± 8 

212 52 1 91 31 ± 3 

213 so 2 116 64 ± 6 

214 52 16 149 46 ± 6 

215 52 4 62 32 ± 3 

aError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 
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Water - Radioactive 
water sampling locations along the banks 

of the Great Miami River were selected 

according to guidelines recommended by 

the u. s. EPA [11]. The locations, shown 

in Figure 5, provide samples that are 

representative of river water after 

considerable mixing of the effluent from 

Mound has occurred. Water samples are 

normally collected and filtered in the 

field at these locations five days per 

week and are subjected to specific 

analyses for plutonium-238 and tritium. 

Water s~mples are analyzed by compositing 

daily samples for a quarterly analysis. 

The average incre~enta~ concentration of 

plutonium-238 measured for all locations 

in the Great Miami River was 2.1 x 

10-12 ~Ci/mL, which is 0.0005% of the DOE 

DCG. These results are summarized in 

Table 17. 

Weekly samples are analyzed for tritium. 

The average incremental concentration of 

tritium measured at all locations in the 

Great Miami River was 0.09 x 10-6 ~Ci/mL, 

which is 0.005% of the DOE DCG. These 

results are summari?.ed in Table 18. 

Uranium-233, 234, and 238 were also moni

tored at the river water sampling 

locations during 1986. The average 

incremental concentration of uranium- · 

233,234 was at the environmental level. 

The average incremental concentration for 

uranium-238 was also at the environmental 

level. In addition, as shown in Table 19, 

the ratio of uranium-233,234 to uranium-

238 is slightly greater than unity, which 

is in range of background ratios reported 

[ 12]. This is expected as a result of 

secular equilibrium. 

24 

The total discharges · to the Great Miami 

River during 1986 consisted of 6.9 x 

10-4 Ci of plutonium-238, 6. 47 Ci of 

tritium, 4.1 x 10-4 Ci of uranium-233,234, 

and 5.3 x 10-6 Ci of plutonium-239. The 

average concentrations of these materials 

in the discharge system were: plutonium-

238, 0.35 X 10- 9 ~Ci/mL; tritium, 10.4 X 

10-6 ~Ci/mL; uranium-233,234, 0.45 x 

10-9 ~Ci/mL; and plutonium-239, 0.006 x 

10-9 ~Ci/mL. The percentages of DOE DCG 

for.these concentrations were: plutonium-

238, 0.09%; tritium, 0.5%; uranium-233, 

234, 0.09%; and plutonium-239, 0.002%. 

Seven additional surface water locations, 

such as ponds, in all quadrants surround

ing Mound as shown in Figure 5 are 

sampled quarterly for plutonium and 

tritium analyses. The average concentra

tions of plutonium-238 and tritium for 

all locations were 0.2 x lo- 12 ~Ci/mL and 

• 

0.09 x 10-6 ~Ci/mL, respectively, which • 

are 0.00005% and 0.005%, respectively, of 

the DOE DCG. The results of the surface 

water samples are summarized in Tables 20 

and 21. Environmental levels (Table 3) 

have been subtracted from the concentra-

tion of plutonium and tritium in water. 

Drinking water from communities in the 

surrounding area is sampled and analyzed 

quarterly for tritium. These communities 

and their relative locations are shown in 

Figure 5. The average concentration of 

tritium for all locations was 0.28 nCi/L 

which is 1.4% of the standard adopted by 

the u. s. EPA in 1977 for community 

drinking water system_s. Data from the 

analyses of community drinking water 

samples are summarized in Table 22. The 

environmental level in Table 3 for triti

um in water is not subtracted from these 
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Table 17- INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN THE GREAT MIAMI RIVER IN 1986 

Number Plutonium-238 
Percent ofd of no- 12 11Ci/mL) 

Location Samples Minimuma Maximuma Averagea,b,c DOE DCG 

1 3 1. 08 4.65 2.41 ± 9.65 0.0006 
2 3 e.l. 3.33 1.17 ± 10.4 0.0003 

3 3 0.9 3.48 2.21 ± 8.94 0.0006 

4 3 e.l. 2.78 1.3 ± 9.29 0.0003 

5 3 1.2 7.68 3.56 ± 12.2 0.0009 

aAverage environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) plutonium-238 in water is 1.7 x 10- 12 11Ci/mL. 

dDOE DCG for plutonium-238 in water is 400,000 x 10- 12 11Ci/mL. 

Table 18 - INCREMENTAL CONCENTRATIONS OF TRITIUM 
IN THE GREAT MIAMI RIVER IN 1986 

Number Tritium 
Percent ofd of (10- 6 IICi/mL) 

Location SamEles Minl.muma Max:l.muma Averag:ea,b,c DOE DCG 

1 36 e.l. 0.61 0.06 ± 0.06 0.003 

2 37 e.l. o. 71 0.1 ± 0.07 0.005 

3 37 e.l. 0.65 0.08 ± 0.06 0.004 

4 36 e.l. 0.75 0.1 ± 0.07 0.005 

5 36 e.l. 0.83 0.11 ± 0.07 0.006 

aAverage environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium in water is 0.05 x 10- 6 11Ci/mL. 

dDOE DCG for tritium oxide in water is 2,000 x lo- 6 11Ci/mL. 

• 

• 
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Number 
of 

J.ocation Sameles 

3 

2 3 

3 3 

4 3 

5 3 

• 

Table 19 - INCREMENTAL CONCENTRATION OF URANIUM-233,234 AND URANIUM-238 
IN THE GREAT MIAMI RIVER IN 1986 

Uranium-233,234 Uranium-238 
oo-CJ I!Ci/mL> Percent ofd ( I0-9 I!Ci/mL) 

Minimum a Maximum a. Average a,6,c DOE DCG Minimum a Maximum a Average a,6,c 

e.l. 0.04 e.l. e.l. e.l. e.l. 

e.l. 0.08 e.l. e.l. 0.1 e.l. 

e.l. 0.09 e.l. e.l. 0.1 e.l. 

e.l. e.l. e.l. e.l. e.l. e .1. 

e.l. e.l. e.l. e.l. e.l. e.l. 

8 Average environmental level (e.l.) found in Table 3 subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 95% confidence level. 

Ratio e 

Uranium-233,234 
Uranium-238 

1.1 

1.1 

1.1 

1.1 

1.2 

CLower detection limit (LDL) for uranium-233,234 is 0.01 x 10-9 ~Ci/mL. The LDL for Uranium-238 is 0.005 x I0- 9 ~Ci/mL. 

dDOE DCG for uranium-233,234 in water is 500 x I0-9 ~Ci/mL. The DOE DCG for uranium-238 is 600 x lo-9 ~Ci/ml.. 

eEnvironmental level not subtracted from these data. 
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Table 20 -

Number 
of 

Location Sam12les 

10 1 

11 3 

12 3 
13 3 
14 3 

15 3 
16 3 

17 3 

INCREMENTAL CONCENTRATION OF 
IN SURFACE WATER IN 1986 

Plutonium-238 
110 -12 JJCi/mL) 

Minimum a Maximumli 

e.l. e.l. 

e.l. e.l. 

e.l. 9.22 

e.l. e .1·. 

e.l. e.l. 

e.l. e.l. 

e.l. e.l. 

PLUTONIUM-238 

Avera51:e a ,5, c 

e.l. 

e.l. 

e.l. 
1. 67 ± 16.6 

e.l. 

e.l. 
e.l. 

e.l. 

Percent ofd 
DOE DCG 

-· 
0.0004 

aAverage en"ironmental level (e.l.) found in·Table 3 subtracted. from the data. 

bError limits are estimat~s of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) plutonium-238 in surface water is 1.7 x 10-12 JJCi/mL.\ 

dDOE DCG for plutonium-238 in water is 400,000 x 10-1 2 JJCi/mL. I 

Table 

Number 
of 

Location Samf2les 

10 8 

11 15 

12 16 

13 16 

14 12 

15 16 

16 16 

17 16 

21 - INCRE~ENTAL CONCENTRATION OF TRITIUM 
IN SURFACE WATER IN 1986 

Tritium 
no- 6 11Ci/mLl 

Minimuma Maximum Avera51:ea,E,c 

0.04 0.21 0.1 ± 0.07 
e.l. 0.13 e.l. 

e.l. 0.07 e.l. 

0.02 0.23 0.11 ± 0.06 

e.l. 0.39 0.18 ± 0.12 
e.l. 0.27 0.08 ± 0.08 
e.l. 0.16 0.02 ± 0.07 

0.16 0.37 0.28 ± 0.06 

Percent ofd 
DOE DCG 

0.005 

0.006 

0.009 
0.004 

0.001 

0.014 

aAv~rage environmental level (e.l.) found in Table 3 subtracted from the data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium in surface water is 0.05 x 10-6 11 Ci/mL. 

dDOE DCG for tritium in water is 2,000 x 10- 6 11Ci/mL. 
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Table 22 - TRITIUM LEVELS IN CO~~UNITY DRINKING WATER IN 1986 

Number Tritium Percent 
of (nCi/Ll of EPA 

Location Sameles Minimum a Maximum a Averag:ea,E,c Standard 

Bellbrook 16 0 0.42 0.21 ± 0.06 1. OS 

Centerville 16 0.03 0.51 0.2 ± 0.07 1 

Dayton 16 0.06 0.57 0.23 ± 0.08 1.15 

Franklin 16 0.15 0.44 0.28 ± o.os 1.4 

Germantown 16 0.07 .o. 34 0.19 ± 0.05 0.95 

Kettering 16 0.02 0.41 0.2 ± 0.06 1 

Miamisburg 20 0.44 1. 06 0.83 ± 0.07 4.15 

Middletown 16 0.06 0.36 0.19 ± 0.04 0.95 

Moraine 16 0.04 0.36 0.16 ± 0.05 0.8 

Springboro 16 0.23 0.45 0.37 ± 0.03 1. 85 

Waynesville 16 0.1 0.29 0.19 ± 0.03 0.95 

West Carrollton 12 0.18 0.37 0.28 ± 0.04 1.4 

aAverage environmental level (e.l.) not subtracted from the data. The EPA standard 
of 20 nCi/L assesses total concentration including background. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level . 

CLower detection limit (LDL) for tritium in community drinking water is 
0.05 nCi/L •• 

data because the EPA standard assesses 

total concentration including background. 

Drinking water from private wells is also 

analyzed for tritium. 

centration of tritium 

The average con

for all private 

well locations was 4. 4 nCi/L, which is 

22% of the U. s. EPA Standard. These 

data are shown in Table 23 • 

Four private wells and Miamisburg city 

water were sampled and analyzed quarterly 

for plutonium-238. The average incre

mental plutonium-238 concentration for 

these locations was 0.05 x 10-12 uCi/mL, 

which is 0.00001% of the DOE DCG. These 

results are shown in Table 24. 
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Table 23 - TRITIUM IN PRIVATE WELLS IN 1986 

Number Tritium Percent 
of (nCi/L) of EPA 

Location SamEles Minimum a Maximum a Averag:ea,Ei,c Standard 

B-1 17 3 4 3.6 ± 0.2 18 

B-2 4 4 5.4 4.9 ± 1 24.5 

B-3 7 4 5.2 4.8 ± 0.4 24 

J-1 6 2 3.1 2.3 ± 0.4 11.5 

B-H 34 4.1 6.8 5.1 ± 0.2 25.5 

B-R 13 3.9 6.9 5.6 ± 0.5 28 

aAverage environmental level (e.l.) not subtracted from the data. The EPA 
standard of 20 nCi/L asses~es total concentration including background. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium in well water is 0.05 nCi/L. 

.------Table 24 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN PRIVATE WELLS------~ 
AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1986 

Number 
of 

Location SamEles Minimum a 

Miamisburg 3 e.l. 

B-1 3 e.l. 

B-2 3 e.l. 

B-3 3 e.l. 

J-1 2 e.l. 

Plutonium-238 
uo-12 IJCi/mL) 
MaxJ.muma 

1.7 

e.l. 

0.81 

e.l. 
e.l. 

Averag:e a ,5, c 

0.23 ± 5 

e.l. 

e.l. 

e.l. 
e.l. 

Percent ofd 
DOE DCG 

0.00006 

aAverage environmental level (e.l.) found in Table 3 subtracted from the data. 

hErro~ limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LOLl plutonium-238 in surface water is 1.7 x l0-1 2 IJCi/mL. 

dDOE DCG for plutonium-238 in water is 400,000 x l0- 12 IJCi/mL. 

• 
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Water - Nonradioactive 
Mound discharged an average of 2. 8 mil

lion liters (0. 74 million gallons) of 

water per day in 1986 to the Great Miami 

River. Nonradioactive pollutants in this 

effluent water are regulated by a 

National Pollutant Discharge Elimination 

System (NPDESI permit. This permit, 

issued by the Ohio EPA, requires Mound to 

characterize its effluent water by 

analyzing samples collected at 

onsite locations. 

four 

A 24-hr composite, flow proportional 

sample and a grab sample are collected 

from discharges 001-A, 001-B, and 002. 

Discharge 001-A contains the effluent 

from the sanitary sewage treatment plant. 

Discharge 001-B includes storm water 

runoff, single-pass cooling water, cool

ing tower blowdown, zeolite softener 

backwash, 

discharge 

disposal 

boiler plant blowdown, and 

from the radioactive waste 

facility. Discharge 002 con-

sists of single-pass cooling water, 

cooling tower blowdown, zeolite softener 

backwash, and most of the plant storm 

water runoff. A time proportional 

sample (8-hr composite) and a grab sample 

are collected from the electroplating 

facility at discharge 001-C. 

Mound's NPDES permit was renewed in 

October 1985 for a.five-year period. The 

permit limits are found in Table 25 and 

in the Appendix. Results of effluent 

analyses for 1986 are summarized in 

Table 25. These water samples were 

analyzed for water qual~ty parameters 

according to methods found in Standard 

Methods Edition 16 [13]. 

The EPA also requires Mound to monitor 

the flow and pH from a well which is 

periodically pumped as a part of 

the Potable Water Standards Project . 

Approximately 57 million liters ( 15 mil

lion gallons) were pumped from this well, 

discharge 003, in 1986. The pH was 7.6. 

There were 820 samples analyzed for NPDES 

parameters during 1986. Effluent parame

ters exceeded maximum limits four times. 

These exceptions were reported to the 

Ohio EPA immediately. Monthly average 

limits were ex.ceeded three times. These 

were reported to the Ohio EPA in the 

regular monthly reports. Parameters 

exceeded were biochemical oxygen demand 

(BOD), fecal coliform, copper, and 

suspended solids. 

The BOD maximum exception was a result of 

a hydraulic surge in the aeration tanks 

caused from using an intermittent mode to 

control dissolved oxygen. This condition 

also contributed to the monthly average 

exception. Fecal coliform was above 

normal due to insufficient chlorination 

of the effluent, affecting both the 

maximum and monthly average limits. The 

copper exception was attributed to a 

small leak in a floor drain trap in the 

surface finishing laboratory. The 

suspended solids exception at effluent 

discharge 0018 was caused by soil erosion 

which resulted from repair work on the 

storm drain system. Above normal rain

fall of 5 in. in June was a contributing 

factor to the monthly average suspended 

solids exception at discharge 002. 

In summary, the number of maximum excep

tions represents 0.5% of the total NPDES 

measurements. All exceptions were of no 

consequence and short duration. 

There was no advP.rse impact on the water 

quality of the Great Miami River. Data 

from the U. S. Geological Survey show 

that flow in the Great Miami River at 

Miamisburg in 1986 averaged 2100 million 

31 



gallons per day (MGD) , with a minimum and 

maximum of 272 MGD and 13,900 MGD, re

spectively. The magnitude of this river 

flow is significantly greater than Mound 

effluents, such that the above exceptions 

would have no- measurable effect on the 

32 

Great Miami River. In addition, a review 

of the data in Table 25 shows that Mound 

effluents did not cause the Great Miami 

River to exceed Ohio Stream Standards as 

shown in the Appendix. 
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Foodstuffs and Vegetation - Radioactive 
Various locally grown foodstuffs and 

vegetation samples are collected from the 

surrounding area. The intent of this 

portion of the Environmental Monitoring 

Program is to determine whether there is 

uptake and concentration of radionuclides 

by plant or animal life. Samples were 

collected in Miamisburg, Centerville, 

Bellbrook, Trotwood, Franklin, and German-

town. Centerville and Bellbrook are in 

the prevailing wind direction from Mound 

at a distance of 8 km (5 mil and 16 km 

(10 mil, respectively. Both communities 

are shown in Figure 1. Fish were col

lected in the Great Miami River. Mound's 

outfalls are shown as dotted lines in 

Figure 5. The plutonium-238 content of 

the foodstuff and vegetation samples is 

determined by ashing the samples, then 

proceeding with the same techniques used 

Miamisburg 

Centerville 

Bellbrook 

Trotwood 

Franklin 

Germantown 

Mound 
(outfall to river) 

Grassc,d 
Potatoese 

Grass 
Potatoes 

Grass 
Potatoes 

Grass 
Potatoes 

Grass 
Potatoes 

Grass 
Potatoes 

Fish 

4 
4 

4 
4 

4 
4 

4 
4 

4 
4 

8 

for plutonium-238 analyses of air samples 

(see section on Air- Radioactive). The 

tritium content of the foodstuff and 

vegetation samples is determined by dis

tilling the water from the sample, then 

analyzing the distillate for' tritium. 

The results of the foodstuff, vegetation, 

and fish analyses are summarized in 

Tables 26 and 27. The concentration is 

given in terms of the sample weight (wet 

weight) before ashing or distilling. The 

samples of aquatic life analyzed included 

only the edible, fleshy portions of fish. 

These analyses indicate no evidence of 

any significant uptake or concentration 

by plant or animal life of the radionu

clides handled at Mound, and they are 

consistent with data obtained in previous 

years (1980-1985). Environmental levels 

for foodstuffs and vegetation have been 

subtracted from the data (Table 3) . 

Plutonium-238 
(lo-9 "Ci/q) 

~ ~ 

n.d. 2.2 
e.l. 0. ll 

n.d. 0.47 
e.l. 0.18 

n.d. 0.38 
e.l. 0. 16 

n.d. n.d. 
e.l. 0.26 

n.d. 0.49 
e.l. 0.2 

n.d. 0.3 
e.l. o. 11 

e.l. 0.33 

o.-8 :t 1.6 
e.l. 

n.d. 
e.l. 

o.: :! 0.55· 
e.l. ; 

n.d. 
O.C4 0. 3 

O.C9 0.54· 
O.C2 0.3 : 

' 
0.! I 0. 27; 
0. C·l 0.22: 

O.C3 0.21; 

aError limits are estimates of the standard error of the estimated means at :he 
95\ confidence level. 

bLower detection limit (LOLl for plutonium-238 in qrass is 0. 29 x 10- 9 "C.i/g. 
For plutonium-238 in potatoes, the LDL is 0.14 x !o- 9 "Ci/q. For plutoniul!.-232 
in fish, the LDL is 0.14 x· 10· 9 "Ci/q. 

cAveraqe environmental level (e.l.) not subtracted from data. The environme~tal 
level was not detectable. 

dn.d. - not detectable above blAnk levels. 

eAveraqe environmental level (e.l.) found in Table 3 subtracted from data • 
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Table 27 - INCREMENTA!, CONCENTRATION OF TRITIUM IN VEGETATION IN 1986 

Number Tritium • Type o: of no-6 uCi/g:l 
Location Sam;ele Sameles Minimum a: Maximum a Averag:ea,E,c 

Miamisburg Grass 8 0.41 1.4 0.95 t 0.37 
Tomatoes 4 0.09 0.27 0.18 t 0.17 

Centerville Grass 8 0.64 1. 06 0.84 t 0.15 
Tomatoe·s. 4 0.06 0.1 0.08 t 0.12 

Bellbrook Grass 8 0.34 0.76 0.53 t 0.15 
Tomatoes 4 e.l. 0. 1 0.04 t 0.17 

Trotwood Grass 8 0.74 1.13 0.94 t 0.15 
Tomatoes 4 0.17 0.25 6.2 t 0.13 

Franklin Grass 8 0.37 0.69 0.53 t 0.1 
Tomatoes 4 e.l. 0.1 e.l. 

Germantown Grass 8 0.33 0.7 0.49 t 0.15 
Tomatoes 4 . e.l. 0.15 0.02 t 0.23 

aAverage environmental level (e. l. I found in Table 3 subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LOLl for tritium in grass is 0.1 X 10- 6 IJCi/g. 
For tritium in tomatoes, the r.DL is 0.08 X 10-6 IJCi/g. 
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Silt · Radioactive The results of the silt sample analyses 

are found in Tables 28 and 29. No 

adverse impact to the environment could 

be determined from the radionuclide 

levels found in these sediments. 

Silt samples were collected from the 

river and surface water sample locations 

shown in Figure 5. 

-Table 28 - INCRE!Io'.ENTAL CONCENTRATION OF PLUTONIUM-238 IN SILT 

I 

FROM RIVER SAMPLING LOCATIONS IN 1986 

Number Plutonium-238 
of (lo-9 uCi !g) 

Location SamEles Minimum a Max1.muma Averag:ea,l5,c 

1 3 e.l. 4.6 1.4 ± 7.1 

2 3 11 28 22 ± 23 

3 2 24 61 43 - ± 235 

4 3 92 535 302 ± 552 

s 3 8.7 17 13 ± 11 

aAveraqe environmental level (e.l. l found in Table 3 subtracted 
from data. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

CLower detection limit (LDL) for plutonium-238 in silt is 
0.4 x 1o- 9 uCi/q • 

Table 29 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN SILT 
FROM SURFACE WATER LOCATIONS IN 1986 

Number Plutonium-238 
of (lo-9 uCi/g:l 

Location SaniJ2les Minimum:! Maximum:! Averag:e a, 15, c 

10 1 0.86 

11 3 e.l. 0.5 0.2 ± 1.8 

12 3 e.l. 2 0.9 ± 3.1 

13 3 0.2 1.6 1.0 ± 2.4 

14 3 0.05 5.1 2.0 ± 6.9 

15 3 0.2 2.8 1.5 ± 3.6 

16 3 e.l. 2.1 1.0 ± 3.2 

aAv~raqe environmental level (e.l.) found in Table 3 subtracted 
from data. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

CLower detection limit (LDL) for plutonium-238 in surface water 
silt is 0.5 x lo- 9 uCi/q • 
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Evaluation of Effective Dose 
Equivalent to the Public 
The dose assessment techniques have been 

revised according to the Department of 

Energy guidelines. The "effective dose 

equivalent" is used in the dose assess

ment evaluation in this report [4]. 

The effective dose equivalent values for 

the plutoniwn-238 and tritium exposures 

from the air, water, and vegetation 

pathways are calculated and summed to 

estimate the maximum dose at the site 

boundary and to the individual. The 

general assumptions used in these deter

minations follow. 

The solubility of ingested or inhaled 

plutonium-238 in the receptor is unknown. 
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However, it is highly probable that most • 

of the plutonium-238 is in the oxide 

form, which is very insoluble. In order 

to provide a realistic but conservative 

effective dose equivalent estimate, it is 

assumed that 50% of the plutonium-238 

which is inhaled is soluble (class W) and · 

50% is insoluble (class Y). It is also 

assumed that the plutonium-238 that is 

ingested is soluble (fl = 10-4). 

The term "effective dose equivalent," as 

used in this report, is that cumulative 

effective dose equivalent for a period of 

SO yr from 1 yr of exposure to a given 

radionuclide. This effective dose 

equivalent is composed of the sum of the 

effective dose equivalents from the air, 

water, and foodstuffs pathways • 

• 
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Dose Assessment Assumptions 
and Methodology 
The effective dose equivalent estimates 

for plutonium-238 and tritium were based 

on environmental ~onitoring data for 

1986. The estimates for maximum effec-

tive dose equivalent in air at the site 

boundary and maximum effective dose 

equivalent to individuals· were based on 

the maximum onsite incremental average 

concentration of plutonium-238 and 

tritium (oxide) in air from onsi te 

samplers (sampler 213, 

sampler 213, Table 13, 

Table 11, and 

respectively) . 

These samplers are in proximity to the 

site boundary. 

The estimates for water for maximum 

effective dose equivaient at the site 

boundary and in individuals were based on 

the maximum average incremental concen

tration of plutonium-238 and tritium in 

wells. The maximum offsite average 

concentration of plutonium-238 was the 

Miamisburg community water location and 

for tritium it was the average at 

location BR. 

The terms "maximum effective dose equiva

lent at the site boundary" and "maximum 

effective dose equivalent to individuals" 

refer to the maximum dose equivalent for 

individuals to receive, assuming they 

remain at the site boundary 24 hriday, 

365 days/yr. During this continuous 

occupancy, it is assumed that the 

individual continually breathes air with 

maximum concentrations of radionuclides 

found at the onsite samplers. It is also 

assumed that the same individual consumes 

all his drinking water at the maximum 

radionuclide concentrations found in 

offsite wells. In addition, the same 

individual is assumed to consume a 

portion of foodstuffs with the maximum 

radionuclide concentrations found off

site. All of the!!e contributions, air, 

water, and foodstuffs, are added to 

obtain an estimate of the total maximum 

effective dose equivalent. The estimated 

contributions from each pathway and the 

estimated total maximum effective dose 

equivalent are shown in Table 30 . 

The maximum dose to an individual from 

Mound's operations is an estimated 

0. 92 mrem which is less than 1% of the 

DOE standard of 100 mrem. To put this 

0.92 mrem into perspective, one jet 

flight over the Atlantic would expose an 

Table 30 - EFFECTIVE DOSE ESTIMATES ----------------~ 

Pathway 

Air 

Water 

Foodstuffs 

TOTAL 

MAXIMUM EFFECTIVE DOSE COMMITMENT AT THE SITE 
BOUNDARY AND TO INDIVIDUALS IN THE POPULATION 

Plutonium Tritium Total 
(mrem) (mrem) lmremJ lmsvJ 

0.57 0.03 0.6 (0.006) 

0.00006 0.26 0.26 (0.0026) 

0.04 0.02 0.06 (0.0006) 

0.61 0.31 o. 92 10.0092) 

Percent 
of DOE 
Standard 

0.6 

0.26 

0.06 

0.92 
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individual to 2.6 mrem (14). In addi-

tion, if an individual from Ohio would 

move to Colorado for one year, he would 

receive an additional 75 mrem as compared 

to living in Ohio for that one year 

(15, 16). 

The person-rem dose equivalent estimate 

calculation was based on tritium (oxide) 

and plutonium-238 data from environmental 

air sampling stations in two ranges: 

0-8 km (0-5 mil and 8-21 km (5-20 mil. 

The 0-8 km range includes 10 samplers 

within 1.6 km (1 mil of Mound. 

The average concentration of tritium 

(oxide) and plutonium in air was obtained 

by averaging concentrations found at 10 

offsite tritium air samplers and then 

subtracting the concentration found at 

sampler #119. From this average concen

tration, a dose equivalent was determined 

and multiplied by the number of people 

from 0 to 8 km. 

The average tritium (oxide) concentration 

from the four other offsite samplers 

(less the concentration at sampler 119) 

was used to obtain the person-rem from 8 

to 32 km. Eight area segments ;rom 8 to 

32 km were obtained by letting each 

sampler represent one segment concentra

tion and the average of two adjacent 

samplers represent another segment. 

These segment concentrations were then 

multiplied by their respective popula

tion. Using the concentrations from the 

four samplers and this averaging 
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technique gives a more realistic popula

tion dose value. 

The person-rem from tritium (oxide) and 

plutonium-238 in community drinking water 

was based on average concentrations of 

tritium (oxide) and plutonium-238 in. 

various community water supplies, less 

appropriate 

weighting 

environmental levels, and 

with these concentrations 

respective populations. 

The person-rem from foodstuffs was based 

on average incremental concentrations of 

tritium (oxide) and plutonium-238 found 

in foodstuffs weighted with assumed 

consumption quantities and 

The total person-rem was 

adding the effect from the 

and foodstuffs pathways. 

population. 

obtained by 

air, water, 

It is estimated that the total population 

from 0 to 32 km is receiving 16 person

rem from Mound's emissions. The remain

ing population from 32 km to 80 km (20 to 

SO mi) is expected to receive negligible 

dose commitment from tritium (oxide) and 

plutonium-238 emissions. Thus, the 

effective dose equivalent from Mound's 

emission is estimated to be 16 person

rem for the 0-80 km range. 

For comparison, the population effective. 

dose values from natural radiation, 

including cosmic rays, terrestrial, and 

internal radiation, would be approximate

ly 670,000 person-rem for the 0 to 80 km 

(50 mil range [ 17]. 

• 
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A I RDOS Calculations 
A copy of the EPA AIRDOS computer code 

was obtained from Oak Ridge National 

Laboratory (ORNL). Appropriate meteoro

logical data for 1986 from the National 

Weather Service facility at Dayton were 

used. The computer code was executed for 

compliance with 40 CFR 61. These data 

are reported to the U. S. EPA. 
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Appendix 

Applicable Standards 
RADIOACTIVE STANDARDS 

In conformance with the U. s. Department 

of Energy memoranda •Radiation Standard 

for Protection of the Public in the 

Vicinity of DOE Facilities" (8/5/85) and 

"Preparation of Annual Site Environmental 

Repdrts for Calendar Year 1985" (2/28/86), 

environmental sample results were used to 

estimate doses to compare with the DOE 

and EPA standards listed below. 

RADIATION STANDARDS FOR PROTECTION OF THE 

PUBLIC IN THE VICINITY OF DOE FACILIT~ES 

Dose Limits 

1. ALL PATHWAYS 

The effective dose equivalent for any 

member of the public from all routine DOE 

operations 1 (natural background and 

medical exposures excluded) shall not 

exceed the values given below: 

Occasional annual 
exposuresl 

Prolonged period of 
exposure, 

Effective Dose 
E!Juivalenta 

mrem yr (mSv/yr) 

500 (5) 

100 (1) 

No individual organ shall receive a 

committed effective dose equivalent of 

5 rem/yr (50 mSv/yr) or greater. 

1 Routine DOE operations means normal planned 
operations and does not include actual or 
potential, accidental or unplanned releases~ 

3Effective dose equivalent will be expressed in 
rem (or millireml with the corresponding value 
in Sievert (or milliSievertl in parenthesis. 

lFor the purposes of these standards, a prolonged 
exposure will be one that lasts, or is predicted 
to last, longer than 5 years. 

2. AIR PATHWAY ONLY 

(Limits of 40 CFR 61, Subpart H) 

Dose Equivalent 
mrem/yr (msv/vr) 

Whole body dose 

Any organ 

Drinking Water 

25 

75 

(0.25) 

(0. 75) 

As of June 24, 1977, community drinking 

water quality is regulated by the 

EPA National Interim Primary Drinking 

Water Regulations for Radionuclides. 

The new standard 20 x 10-6 uCi/mL 

(20,000 pCi/L). 

Soil 

There are no guidelines established for 

radioactive species in soil. (The U.S. 

EPA has guidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

~ 

The Ohio EPA has issued a discharge 

permit under NPDES regulations governing 

Mound's liquid effluent streams. This 

permit is .for the period from October 1, 

1985, to September 27, 1990. The dis

charge · limitations for each effluent 

stream are as follows: 

Discharge 001-A 7-day Monthly 
EPA #601 Avera51:e Avera2e 

Residual Chlorine* (mg/LI o:s 

BODS (mg/LI 15. 10. 

Suspended Solids· (mq/L) 30. 15. 

Fecal Coliform* (n/100 mLI- 20p0. 1000. 

pH (s.u.) 6.5 - 9.0 
(daily limit) 

*May 1. through October 31 
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Discharge 001-B 
EPA #602 

coo (mg/Ll 

.Suspended Solids (mg/L) 

Oil/Grease (mg/L) 

pH (S.U.) 

Discharge 001-C 
EPA i603 

Cyanide (mg/L) 

Chromium (JJg/LI 

Cadmium (JJg/L) 

Nickel (JJg/Ll 

Copper (JJg/L) 

Total Toxic Organics 

(1/quarter) (J,Jg/L) 

Discharge 002 
EPA #002 

Suspended Solids 

pH (S.U.) 

Daily Monthly 
Limit Limit 

(Monitor only) 

45. 30. 

10. 

6.5-9.5 

Daily Monthly 
Limit Limit 

1.0 0.65 

500. 

100. 

500. 

500. 

2130. 

Daily Monthly 
~ Limit 

45. 30. 

6.5-9.0 

The Ohio EPA has established Water 

Quality· Standards (3745-1-01-3745-1-09). 

The standards listed below are excerpted 

from these regulations. These standards 

are stream standards and apply to a 

stream beyond a suitable mixing zone 

permitted for discharges. They should 

not be compared with effluent concentra

tions. 

Constituent 

Average 
Concentration 

(mg/L) 

Dissolved Oxygen 5.0 

pH (pH units) 6-9 

Fecal Coliform (N/100 mLI 200 per 100 mL 

Dissolved Solids 1500 

Ammonia 1.5 

Arsenic 

Barium 

Cadmium 

Chloride 
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0.05 

0.8 

0.005 

250 

Constituent 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBASI 

Iron 

Lead 

Manganese 

Mercury 

Oil and Grease 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

Average 
Concentration 

(mg/L) 

0.05 

0.005 

1.3 

0.5 

1 

0.04 

1 

0.0005 

5. 

0.01 

0.005 

0.001 

0.005 - 0.075* 

0.075 - 0.5* 

*Dependent on caco3 hardness. 

Effective Dose Equivalent Calculations 
The effective doses from both plutonium-

238 and tritium oxide are calculated in a. 

similar manner then summed for the signi

ficant pathways. The result is one value 

which represents a weighted result which 

is compared to the DOE standard shown 

above. 

The technique in detail involves deter

mining the concentration of the radio

nuclide through environmental monitoring 

then calculating the total effective dose 

equivalent by: 

DE 

where 

DE = total Effective Dose Equivalent 

(Dose integrated through 50 years 

from 1 year of exposure) 

(mrem/50 year). 

• 
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N 
l:R 
1 

p 
l: 
1 

sum of the different radionuclides 

sum of the different pathways -
air, water, and foodstuff 

Average concentration·of the 

radionuclide 

Ia Annual intake of the environmental 

media [1,21 

oF = Dose factors for the particular 

radionuclide and. type of intake 

[3} 

= Conversion factor to convert 

various units into units which 

can be used with DOE effective 

dose conversion factors 
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Foreword 
This report was prepared by the -Environmental Section of the 

Administration Department at Monsanto Research Corporation - Mound 

pursuant to DOE Order 5484.1 for the calendar year 1985. Sample 

analyses and data reduction were performed by the Environmental 

Laboratory Group. Particulate samples offsite were collected by the 

Air Pollution Control Section of the Montgomery County Combined 

General Health District, which acts as the Regional Air Pollution 

Control Agency in this area for the Ohio Environmental Protection 

Agency. All other sampling was performed by personnel in the 

Environmental Section. 

2 

• 

• 

• 



• 

• 

• 

Contents 

INTRODUCTION 

SUMMARY 

ENVIRONMENTAL SURVEILLANCE 

Quality Assurance •• 
Air - Radioactive • • • 
Air - Nonradioactive 
Water - Radioactive • 
Water - Nonradioactive •• 
Foodstuffs and Vegetation -
Silt - Radioactive 

. . . . . . . . . . . . . 
Radioactive • • • • 

EVALUATION OF EFFECTIVE DOSE EQUIVALENT TO THE PUBLIC 

DOSE ASSESSMENT ASSUMPTIONS AND METHODOLOGY 

ACKNOWLEDGEMENTS • 

REFERENCES 

APPENDIX • 

Applicable Standards • • 
Effective Dose Equivalent Calculations 
References 

DISTRIBUTION • • 

11 

13 

13 
17 
22 
25 
32 
35 
37 

38 

39 

41 

41 

43 

43 
.44 
45 

46 

3 



Introduction 
Mound is a government-owned facility 

operated by Monsanto Research Corporation 

for the u.s. Department of Energy (DOE). 

Occupying 306 acres of land in Miamisburg, 

Ohio, the Mound facility is approximately 

16 km (10 mil southwest of Dayton, Ohio. 

The predominant geographical feature in 

the five-county region surrounding Mound 

is the Great Miami River, which flows 

from northeast to southwest through the 

city of Miamisburg. The river valley is 

highly industrialize~. 
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The rem a in de r u f the region is predomi

nantly farmland, dotted with light 

industry and small communities. The 

locations and populations of these 

communities are shown in Figure 1. The 

population distribution surrounding Mound 

is shown in Figure 2. Drinking water for 

the area is obtained from a buried valley 

aquifer that generally follows the Great 

Miami River. The primary agricultural 

activity in the area is raising field 

crops such as corn and soybeans. 

Approximately 10% of the land in 
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FIGURE 1 - Offsite air sampling locations. 
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Cumulative Population Totals 
1980 Population 0 - 50 Miles 

0-10 398,259 
0-20 1, 125,790 
0-30 1,669,231 
0-40 2,823,798 
o-5o 3,358,941 

FIGURE 2 - Projected 1980 population w-Ithin 50 miles of Mound • 
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agricultural use is devoted to pasturing 

livestock [1]. 

The climate in the area is considered 

moderate. Average annual precipitation 

is 91 em (36 in.) and is evenly distri

buted throughout the year. Winds are 

predominantly from the south or west, 

except during the summer, when they are 

recorded more frequently from out of the 

southwest [ 2]. The annual average wind 

speed measured at Mound over a 4-yr 

period was 4.4 m/s (10.1 mi/hr). Fig

ure 3 shows the wind rose for the same 

period compiled at Mound, and Table 1 

shows average wind speed and percent 

frequency for each of 16 wind directions. 

WNW/ 
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FIGURE 3 The relative frequency of 
winds from different directions for 
Mound, averaged from 1981 through 1984. 
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In 1949, Mound began operations for the 

production of nuclear weapon components. ~ 

Currently, its mission includes (1) re

search, development, engineering, produc-

tion, and surveillance of components for 

DOE weapons programs; (2) separation, 

purification, and sale of stable isotopes; 

and (3) DOE programs in nuclear safe

guards and waste management, heat source 

testing, and fusion fuel systems. The 

radionuclides of primary concern that 

result from Mound's current or past 

operations are plutonium-238 and tritium. 

Radionuclides in particulate form are 

removed from process air effluents by 

high efficiency parti.culate air (HEPA) 

Table 1 - FOUR-YEAR (1981-1984) AVERAGE 
PERCENT FREQUENCY OF WIND DIRECTION 

AND WIND SPEED 

Average 
Speed 

Direction Percent (m/s) 

N 4.2 4.3 

NNE 4.5 4.1 

NE 4.9 4.0 

ENE 4.9 4.0 

E 4.5 4.1 

ESE 4.1 3.9 

SE 4.4 4.1 

SSE 4.7 4.2 

s 6.0 4.4 

ssw 9.7 5.0 

sw 12.4 5.6 

WSW 8.7 5.2 

w 5.4 5.0 

WNW 5.3 5.1 

NW 6.0 4.7 

NNW 4.4 4.4 

Calm 6.1 

TOTAL 100.0 4.4 

~ 
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filters. Air effluents are filtered 

first at their points of origin (i.e., 

gloveboxes) and then just before reaching 

the release point (i.e., the stack). The 

filtering system at the stack comprises 

two banks of HEPA filters in series, each 

bank having a collection efficiency of 

99. 95%. Radionuclides are removed ·from 

liquid effluents, such as process wastes, 

by chemical processing. Solid radioac

tive wastes are packaged and shipped 

offsite for burial at approved burial 

sites. Wastes generated in the process

ing of explosive materials are collected 

and disposed of according to the Defense 

Armament and Research Command (DARCOM) 

Regulation 385-100 and DOE/EV/06194-1. 

. An onsite, sanitary waste treatment plant 

provides secondary treatment, in accor

dance with u.s. Environmental Protection 

Agency (EPA) requirements [ 3] , using an 

activated sludge process operating in the 

extended aeration mode. All domestic 

sewage generated onsite is treated in 

this facility. The influent and effluent 

at the sewage treatment plant are 

monitored for radioactivity to ensure no 

undetected release can occur to the 

environment via the sanitary sewage 

plant. Digested sludge from the sewage 

plant is shipped offsite as low specific 

activity (LSA) radioactive waste for 

burial at an approved burial site. All 

wastewater is discharged from the site to 

the Great Miami River. Nonradioactive 

solid wastes are disposed of according to 

a recycling and reclamation program 

whenever possible. White paper, scrap 

metal, and wood are sold for reclamation. 

During 1985, general refuse was trans

ported to a sanitary landfill site 

approved by both the state and county. 

Waste solvents and chemicals are moved 

offsite by a commercial-industrial waste 

disposal firm. 

Mound's compliance with regulations pre

scribed by DOE for the safety of its 

employees and the public has been 

demonstrated throughout the history of 

the facility. The fundamental objective 

of the Mound Environmental Control 

Program, an ongoing program since Mound 

began operations, is the containment of 

radioactive discharges to levels well 

within the existing standards. As part 

of this program, waste streams are 

monitored and controlled at each operat

ing step, resulting in no more than 

low-level releases of airborne or liquirl 

wastes to the environment. With early 

detection, control techniques can be 

implemented, thus ensuring that concen-

trations are well within existing 

standards and meet the DOE guideline 

"as-low-as-reasonably-achievable" (ALARA). 

The same objective -- control to levels 

well within applicable standards 

applies to nonradioactive discharges. 

This is achieved primarily by directing 

waste streams to the appropriate waste 

treatment system; e.g., sewage treatment 

plant, solvent collection system, or 

filtration. The guideline here also is 

ALARA. 

As part of the Mound Environmental 

Program monitoring functions, air, water, 

vegetation, foodstuffs, and sediment 

samples are collected from the environ

ment at distances up to 4 8 km ( 30 mi) 

from Mound's boundaries. These samples 

are then analyzed for the speci fie 

radionuclides handled at Mound. A sum-

mary of the moni taring program is shown 

in Table 2. 

The results of the environmental analyses 

for 1985 are provided in this report. 

The primary purpose of the report is to 

detail what impact, if any, Mound's 

7 
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Table 2 - MONITORING PROGRAM 

Air Surveillance 
of!site 

15 locations 
Onsite 

5 locations 
Stack Emission 

15 locations 

Water Surveillance - Offsite 
RJ.ver 
----slocations 
Pond 
-7-locations 
MunJ.cieal Drinking 

12 locations 
Water 

Well Water 
5 locations 

- Water Surveillance - Onsite 
Effluent Water 

3 locations 

Silt Surveillance - Offsite 
P.J.ver 
----slocations 
Pond 
--7-loca tions 

Vegetation and Foodstuff Surveillance 
Vegetation 

3 locations 
Foodstuffs 

3 locations 

Environmental Level Surveillance 
Four Mediums 

6 locations 

Sampling 
Frequency 

Weekly 

Weekly 

Daily 

Daily 

Monthly 

Quarterly 

Monthly 

Daily 

Quarterly 

Quarterly 

Semiannually 

Annually 

Quarterly 

Parameter Measured 

HTO, Pu, particulate 

HTO, Pu, particulate 

HT, HTO, Pu, u 

HTO, Pu, u 

HTO, Pu, u 

HTO, Pu 

HTO, Pu 

Flow, suspended solids, 
BOD

5
, fecal coliform, 

pH, oil and grease, 
COD, residual chlorine, 
dissolved solids, 
cyanide, chromium, 
cadmium, nickel, 
copper, HTO, Pu, U 

Pu 

Pu 

HTO, Pu 

HTO, Pu 

HTO, Pu 

• 

•• 
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operations have had on the environment in 

1985. To serve this purpose, several 

calculational techniques that are used 

throughout this report are described. 

The concentrations of various radionu

clides reported here that result from 

Mound's operations are termed "incre

mental." The term "incremental" denotes 

a concentration value that exceeds normal 

environmental levels of the same radionu

clide, The "environmental level" is that 

level found in the environment where 

Mound operations would have no impact. 

These environmental levels are subtracted 

from all onsite and offsite data except 

where noted. Some values may be negative 

which are included in averages. These 

Vglues, if negative, are reported as the 

environmental level (e.l.). Environ

mental levels of radionuclides in various 

media as measured during 1985 by Mound 

are shown in Table 3 • 

To determine concentrations of radionu

clides found in the environment, the 

instrument background and reagent blanks 

were subtracted from the sample count. 

This value was then used in averages. 

For comparative purposes and for single 

sample evaluation, the lower detection 

limit (LDL) is shown for each set of data 

in this report. The LDL is the estimated 

standard deviation of the blanks at the 

95% confidence level. 

The error estimates shown with each set 

of data are estimates of the standard 

error of the estimated mean at the 95% 

confidence level. These values include 

all sources of variability including 

sampling, analyses, counting statistics, 

and the propagated error involved when 

the environmental levels are subtracted 

from the actual data. 

9 
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Table 3 - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES ------~ 
IN VARIOUS MEDIUMS IN 1985 

Plutonium-238 in aira 

Tritium oxide in airb 

Plutonium-238 in river waterb 

Tritium in river waterb 

Plutonium-238 in surface waterc 

Tritium in surface waterc 

Plutonium-238 in well waterd 

Tritium in well waterc 

Uranium-233,234 ·in river waterb 

Uranium-238 in river waterb 

Plutonium-238 in river siltb 

Plutonium-238 in surface water siltc 

d Tritium in grass 

d Tritium in tomatoes 

Plutonium-238 in grassd 

Plutonium-238 in potatoesd,e 

P1utonium-238 in fishd 

aMeasured at offsite sampler 119. 

0.15 ± 0.13 X 10- 18 ~Ci/mL 

= 2.54 ± 1.99 X 10- 12 ~Ci/mL 

= 0.25 ± 1.03 X 10-12 ~Ci/mL 

= 0.13 ± 0.04 X 10-6 ~Ci/mL 

6.23 ± 16.6 x 10-12 ~Ci/mL 

= 0.1 ± 0.06 X 10-6 ~Ci/mL 

= 1.1 ± 1.92 X 10-12 ~Ci/mL 

= 0.1 ± 0.05 X 10-6 ~Ci/mL 

= 0.71 ± 0.44 X 10-9 ~Ci/mL 

= 0.76 ± 0.06 X 10- 9 ~Ci/mL 

= 0.65 ± 1.2 X 10-9 ~Ci/g 

= 0.33 ± 0.61 X 10-9 ~Ci/q 

= 0.53 ± 0.07 X 10-6 ~Ci/q 

= 0.66 ± 0.1 X 10-6 ~Ci/g 

= 0.23 ± 0.18 X 10-9 ~Ci/g 

= n.d. 

= 0.04 ± 0.23 X 10- 9 ~Ci/g 

bMeasured 20 mi upstream on Great Miami River. 

cMeasured 28 mi northwest of Mound. 

dMeasured 30 mi west of Mound. 

e(n.d.) environmental level cannot be detected above reagent blanks. 

•• 
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Summary 
The environment locally surrounding Mound 

was monitored primarily for tritium and 

plutonium-238. The results are reported 

for 1985. Environmental media analyzed 

included air, water, vegetation, food

stuffs, and sediment. 

The average concentrations of plutonium-

238 and tritium were within the DOE 

interim Derived Concentration Guides 

(DCG) for radioactive species [4,5]. 

Data concerning the emission of nonradio

active species into the atmosphere are 

also presented. All of these emissions 

were less than 3% of the applicable 

emissions standard. 

The average incremental concentrations of 

plutonium-238 and tritium oxide in air 

measured at all offsite locations during 

1985 were 6.8 x 10-18 IJCi/mL and 9.6 x 

10- 12 iJCi/mL, respectively. These corre

spond to 0.02% and 0.007%, respectively, 

of the DOE DCGs [5]. Details of the 

applicable standards are given in the 

Appendix. 

The average incremental concentration of 

plutonium-238 measured at all locations 

in the Great Miami River during 1985 was 

2 x 10- 12 IJCi/m!. which is estimated to be 

0.0005% of the DOE DCG. The average 

incremental concentration of tritium 

measured at all locations in the Great 

Miami River during 1985 was 0.02 X 

10-6 uCi/mL which is estimated to be 

0.001% of the DOE DCG. 

Radionuclide effluent data for 1985 are 

summarized in Table 4. 

The average incremental concentrations of 

plutonium-238 found during 1985 in sur

face and area drinking water were also 

Table 4 - EFFLUENT DATA FOR 1985 --..., 

Radionuclide 

Tritium 

Tritium 

Plutonium-238 

Plutonium-238 

Uranium-233,234 

Medium 

air 

water 

air 

water 

water 

Quantity 

4795 Ci 

5.82 Ci 

5.1 X 10-6 Ci 

9.9 X 10-4 Ci 

4.0 X 10-4 Ci 

estimated to be a fraction of the DOE DCG 

(less than 0.0006%). In addition, the 

average incremental concentration of 

tritium in surface water was estimated to 

be a fraction of the DOE DCG (less than 

o. 006%). 

All tritium in drinking w~ter data is 

compared to the U. s. EPA Drinking Water 

Standard. When these comparisons are 

made, no environmental level is sub-

tracted from the data. The average 

concentrations in area and municipal 

drinking water were also a fraction of 

the U. s. EPA standard (less than 25% and 

less than 1.5%, respectively). 

The concentrations found in foodstuffs 

were extremely low. Although no DOE DCG 

is available for foodstuffs, the average 

concentrations are a small fraction of 

the water DCG (0.02%). Sediment samples 

were obtained at several offsi te water 

sampling locations. The concentrations 

of these samples were extremely low and 

therefore represent no adverse impact to 

the environment. 

The dose equivalent estimates indicate 

that the levels are 

the DOE standard [4]. 

calculated to 80 km 

within 1% of 

The person-rem 

for the tot a 1 

population as a result of Mound opera-

tions during 1985 

Natural radiation 

was 6. 7 

would 

person-rem. 

result in 

approximately 670,000 person-rem for the 

area. 

11 



A National Pollutant Discharge Elimina

tion System (NPDES) permit regulates 

nonradioactive 

effluent water. 

pollutants 

The NPDES 

in Mound's 

permit re-

quires this effluent to be characterized 

by analyzing samples c-ollected at four 

onsite locations. Less than 0.2% (or 

three) of the 1227 NPDES measurements 

exceeded maximum permit limitations. All 

exceptions occurred at the sanitary 

wastewater treatment plant; biochemical 

oxygen demand and fecal coliform were the 

parameters involved. 

12 

None of these exceptions, however, had an 

adverse impact on the Great Miami River 

or caused the river to exceed Ohio Stream 

Standards which are found in the 

Appendix. 

The data contained in this summary 

demonstrate the status of compliance with 

various current regulatory agency 

standards and demonstrate Mound's 

emphasis on the as-low-as-reasonably

achievable (ALARA) concept. 

• 
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Environmental Surveillance 
Quality Assurance 
A very essential part of t-tound' s Quality · 

Assurance Program is the analysis of 

reference samples from reliable outside 

laboratories. During 1985, 

lyzed reference samples 

Environmental Measurements 

Mound ana

from DOE's 

Laboratory 
(EMJ,); from the u. s. Environmental 

Protection Agency (EPA); and from a 

private laboratory, Analytical Products 

Group, Inc. (APG). The EML samples 

contained trace radionuclides in air 

filter, water, soil, tissue, and vege

tation samples. The EPA and APG samples 

contained nonradioactive contaminants in 

water. 

Concentrations of plutonium, uranium, and 

tritium in the two sets of EML samples 

analyzed in 1985 are given in Table 5. 

Agreement between the Mound values and 

the EML reference values is better than 

30% in all but two samples. Also, 

agreement between the Mound values and 

the EML reference values is better than 

15% for 75% of all the EML reference 

samples measured. Of the two samples 

that showed a deviation of more than 30%, 

one was a measurement of Pu-238 in soil 

(sample 8505), where the reference con

centration was approaching Mound's lower 

detection limit. The EML reference value 

for this sample was 0. 0040 pCi/g with a 

reported error of SO%. Mound's measured 

value of 0.0019 pCi/g, although low, is 

not unreasonable considering the error 

limit.s on both the Mound and the EML 

concentrations. The other measurement 

that varied from the EML value by more 

than 30% was the Pu-239 in soil measure

ment of sample no. 8511. Although the 

Mound value was high in one of the 

measurements of Pu-239 in this soil, the 

error in the measurement was 18%. 

Another measurement of that sample gave a 

Pu-239 concentration within 13% of the 

reference value of 0.24 pCi/g. 

In Table 6 the Mound results in the 1985 

EPA Quality Assurance Program for the 

determination of nonradioactive parame

ters in water are compared to the EPA 

"true values." All nine of the measured 

parameters were within the acceptance 

limits established by the EPA. A second 

part of Mound's Quality Assurance Program 

involved the analysis of reference 

samples prepared by APG. Analysis of 

these samples is part of a Monsanto 

Company quality control · program. Mound 

analyzed three sets of APG samples in 

1985, and these results are summarized in 

Table 7. In the APG reports, the di f

ference between the Mound value and the 

APG reference value is expressed as the 

number of standard deviations of the 

Mound value from the average determined 

for all participating laboratories. When 

this number of standard deviations from 

this average exceeds two standard devia

tions, this generally indicates a problem 

in the measurement. Of the 11 parameters 

measured in the APG samples, Mound's 

results varied from 0.1 to 1.3 standard 

deviations from the average values of all 

the participating laboratories; no values 

exceeded two standard deviations. 

Another essential part of Mound's Quality 

Assurance Program is the determination of 

"blank values." A "blank value" is a 

measurement 

determined 

result for 

by following 

a contaminant 

through the 

chemical analysis procedure without a 

true sample, but rather using deionized 

water, a clean filter paper, or only the 

reagents used in the analysis. Analysis 

of "blanks" is essential because many of 

the samples analyzed show contaminant 

13 
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Sample 

~ 

Air Filter 

Water 

water 

Soil 

Soil 

Vegetation 

Tissue 

Sample 
No. 

8511 

8505 

8511 

8505 

8511 

8505 
8511 
8511 

8505 
8511 

Isotope 

P lutoniUlll-239 

H-3 
PlutoniU!II-239 
Uranium-234 
Uranium-238 

H-3 

Plutonium-239 

Uranium-234f 
Uraniwa-234 
Uranium-238 
uraniWII-238 

PlutoniUlll-238 
Plutonium-239 
Plutonium-239 
Uranium-234 
Uranium-234 
Uranium-238 
Uranium-238 

Plutonium-239 
Plutonium-239 
Uranium-234 
Uranium-234 
Uranium-238 
Uranium-238 

Plutonium-239 
Plutonium-239 
Uranium-234 
Uranium-238 

Plutoniuat-239 
Plutonium-239 

Concentration a 
(pCi/(g/ or mL) 

Mound EMLb 

5.02 

20.3 
0.037 
0.027 
0.027 

21.4 
21.0 
0.05 
0.051 
0.022 
0.022 
0.022 
0.022 

± 0.8 
::1: 0.004 
::1: 0.002 
:!: 0.003 

::1: 0.2 
:1: 0.4 
± 0.002 
::1: 0.005 
± 0.004 
± 0.001 
± 0.004 
± 0.001 

0.0019 ::1: 0.0007 
± 0.001 
± 0.003 
± 0.09 

0.036 
0.035 
0.89 
0.89 ::1: 0.07 
0.88 ·± 0.09 
0.83 ::1: 0.07 

0.33 
0.27 
0.65 
0.63 
0.67 
0.65 

0.045 
0.48 
0.15 
0.16 

0.007 
0.41 

± 0.06 
± 0.01 
::1: 0.13 
::1: 0.02 
:1: 0.13 
± 0.03 

::1: 0.003 
::1: 0.01 
::1: 0.06 
::1: 0.06 

± 0.002 
± 0.02 

4.91 

18.5 
0.0428 
0.022 
0.022 

19.5 
19.5 
0.04 
0.04 
0.023 
0.023 
0.022 
0.022 

0.004 
0.035 
0.035 
0.91 
0.91 
0.98 
0.98 

0.24 
0.24 
0.63 
0.63 
0.63 
0.62 

0.044 
0.37 
0.135 
0.135 

± 0.4 
± 0.0001 
± 0.001 
± 0.002 

± 1.2 
± 1. 2 
± 0.008 
± o.oo8 
± 0.003 
± 0.003 
± 0.001 
± 0.001 

:!: 0.002 
± 0.003 
::1: 0.003 
± 0.03 
± 0.03 
± 0.05 
± 0.05 

± 0.01 
± 0.01 
± 0.02 
± 0.02 
± 0.02 
± 0.02 

± 0.004 
::1: 0.03 
::1: 0.003 
:!: 0.003 

0.0081 ::1: 0.0005 
0.41 ::1: 0.02 

Concentration 
Ratio 

Mound to EML 

1.02 ± 0.06e 

1.1 ± 0.04 
0.86 ::1: 0.09 
1. 23 ± 0.1 
1.23 ± 0.17 

1.1 ± 0.07 
1.08 ± 0.07 
1.25 ± 0.06 
1.28 ± 0.12 
0.96 ± 0.21 
0.96 ± 0.13 
1.00 ± 0.18 
1.00 ± 0.06 

0.48 ::1: 0.3 
1.03 ::1: 0.08 
1.0 ± 0.11 
0.98 :!: 0.1 
0.98 ± 0.09 
0.9 ± 0.1 
0.85 ± 0.09 

1. 38 ± 0.25 
1.13 ± 0.06 
1.03 ± 0.21 
1.0 ± 0.04 
1.08 ± 0.21 
1.05 ± 0.06 

1.02 ± 0.11 
1.3 ± 0.11 
1.11 ± 0.43 
1.19 ± 0.44 

0.86 ::1: 0.25 
1.0 ± 0.06 

aUnits are pCi/filter for air samples, pCi/mL for water, and pCi/g for soil, tissue, and 
vegetation samples. 

bEnvironmental Measurements Laboratory. 

cMound's errors are two sigma errors based on counting statistics or replicate analysis. 

dEML's errors are "standard errors of the mean." 

eThe error in the ratio is calculated as (SMa +sEa)~, where SM and SE are the Mound and 
EML relative errors. 

fWhen two values are given for one isotope in the same sample, measurements were made by 
two different analysts. 
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Table 6 -MOUND'S 1985 EPA QUALITY ASSURANCE PROGRAM RESULTS FOR 
THE DETERMINATION OF NONRADIOACTIVE PARAMETERS IN WATER 

Mound a 
EPAb 

Parameter True Acceptable 
Measured Value Value Limits 

Cadmium 391 llg/L 400 llg/L 345-441 llg/L 

Chromium 66.2 llg/L 50 llg/L 48.9-83.5 ug/L 

Copper 694 llg/L 670 llg/L 606-764 llg/L 

Nickel 288 llg/L 300 llg/L 244-330 ug/L 

pH 6.0 6.01 5.85-6.13 

Total Suspended 95.3 mg/L 98.1 mg/L 77.4-106 mg/L 
Solids 

Oil and Grease 19 mg/L 20 mg/L 9.6-25.6 mg/L 

Chemical Oxygen 128 mg/L 104 mg/L 99.9-145 mg/L 
Demand 

5-Day Biochemical 83.5 mg/L 75 mg/L 52.0-104 mg/L 
Oxygen Demand 

aErrors in Mound's values are 10% or less. 

bAny measured concentrations falling in this range are considered 
acceptable by the EPA • 

~----Table 7- SUMMARY OF MOUND'S PERFORMANCE IN THE ANALYTICAL 
PRODUCTS GROUP PROFICIENCY TESTING PROGRAM FOR 1985 

Parameter Measured 
in Water 

Biochemical Oxygen Demand 

Chemical Oxygen Demand 

Total Suspended Solids 

Oil and Grease 

pH 

Cyanide 

Residual Chlorine 

Cadmium 

Chromium 

Copper 

Nickel 

Parameter Range 
Measured 

10-276 mg/L 

20-418 mg/L 

32-300 mg/L 

10-40 mg/L 

5.01-8.89 

0.16-2.8 mg/L 

0.56-1.2 mg/L 

30-177 11g/L 

128-240 llg/L 

65-247 11g/L 

64-265 11g/L 

Range of Observed 
Number of Standard 

Deviations from 
the Average 

0.1-1.2 

0.1-1.3 

0.4-1.3 

0.2-0.8 

0.1-0.8 

0.1-0.9 

0.1-0.6 

0.2-0.6 

0.2-0.3 

0.1-0.8 

0.1-0.4 

15 



concentrations at or below the lower 

detection limit of the analytical method 

being used. 

tial in 

Analyzing "blanks" is·essen

verifying the absence of 

excessive laboratory contamination or 

detector background. Also, the standard 

deviation of the "blank values" is used 

to calculate lower detection limits, 

which are given with each set 

environmental data in this report. 

of 

Other aspects of Mound's Environmental 

Section quality control program have been 

16 

documented in a quality control manual 

{ 6 J • 

In summary, the agreement between Mound 

measured concentrations and reference 

values of EML, the F.PA, or APG, along 

with a formal quality control program, 

indicates good reliability of the data 

generated in the routine environmental 

monitoring program. 

• 

• 

• 
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Air · Radioactive 
In 1985, the offsite air-sampling network 

consisted of 15 continuously operating 

air-sampling stations used for sampling 

both tritium oxide and plutonium. Ten 

sampling stations are located within a 

1.6 km (1 mil radius of Mound, and four 

samplers are located in or near popula-

tion centers. The remaining 

(Ul9) is approximately 44.8 km 

sampler 

(28 mi) 

from Mound in the least prevailing wind 

rlirection. This sampler receives no 

m0~surable contribution from Mound 

opcr~tions and serves as a baseline 

sample 

levels. 

for computing environmental 

The levels from sampler #119 are sub

tracted from levels detected at other 

locations. 

operation 

The 

are 

samplers 

located 

currently in 

at critical 

distances and directions, based on a 

diffusion model developed for Mound [7], • 

The locations of the sampling statio!'ls 

are shown in Figure 1. 

Two types of samples .are collected at 

each sampling station. One is a 

particulate air sample for plutonium-238 

analysis, and the other, from a bubbler

type sampler, is for tritium oxide 

analysis. The particulate sample is 

collected on a 200-mm diameter Micro

sorban or fiberglass disk by a con

tinuously operating (24 hr/day, 7 days/ 

week l high-volume air sampler. The air 

is sampled at an average rate of 

1.3xl06 cm 3 /min ("-45 ftl/min). The 

Microsorban disk is changed weekly and 

represents a sample of approximately 

13,000 m3 of air. Individual sample flow 

rates are used to calculate concentra-

tions at each location. Plutonium-238 

analyses were performed on a monthly 

composite for three sampling locations, 

#122, #123, and #124, and on quarterly 

composites for the other offsite 

locations. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: 

use of an internal tracer, chemical 

treatment, separation 

anion exchange resin, 

trometry. 

of plutonium with 

and alpha spec-

The average incremental offsite plutoni

um-238 air concentration for all loca

tions was 6. B x 10-lB 11Ci /mL, which is 

estimated to be 0.02% of the DOE DCG. 

The analytical results are summarized in 

Table B. 

Table 9 shows concentrations of plutoni

um-239, -240, and plutonium-238, includ

ing environmental levels for the sake of 

completeness. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at 

approximately 3 x 103 cm 3 /min through 

200 mL of ethylene glycol. Ethylene 

glycol is used because this material 

eliminates evaporation and freezing prob

lems associated with sample collection 

[8J. Tritium (oxide) in the air is 

collected in the solution. Tritium oxide 

rather than elemental tritium is sampled 

and analyzed because 60 to 70% of the 

tritium emission is in the oxide form, 

and the Derived Air Concentration is much 

more restrictive (>10,000 times) than it 

is for elemental tritium [9J. A sample 

representing "-30 ml of air is collected, 

and an aliquot representing 0.15 m3 is 

counted in a liquid scintillation 

spectrometer. The average incremental 

concentration of tritium oxide me~sured 

during 1985 for all offsite locations, 

not including the environmental level 

17 



r--------------Table 8- INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1985 

Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

122 

12 3 

124 

Number 
of 

Samples 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

12 

12 

12 

Minimumc 

1.13 

3.1 

2.2 

1. 04 

0.46 

e.l. 

e .1. 

0.08 

0.005 

e.l. 

1. 06 

0.66 

1.06 

2.16 

Plutonium-238 
no- 18 JJCi/mL) 
Maximum c Averagea,b,c 

4.95 

14.7 

10.8 

2.89 

6.03 

0.19 

0.15 

0.32 

2.61 

0.005 

17.4 

37.4 

352 

56.8 

2.46 ± 5.36 

8.05 ± 9.14 

6.35 ± 5.88 

1.73 ± 1.31 

2.47 ± 4.2 

0.05 ± 0.28 

0.04 ± 0.22 

0.21 ± 0.21 

0.85 ± 1.89 

e.l. 

10.8 ± 11 

8.43 ± 6.64 

40.2 ± 62.7 

13.7 ± 9.43 

Percent ofd 
DOE DCG 

0.008 

0.027 

0.021 

0.006 

0.008 

0.0002 

0.0001 

0.0007 

0.003 

0.036 

0.028 

0.134 

0.046 

aLower detection limit (LDL) for monthly value~ of plutonium-238 in air is 0.69 x 
10- 18 JJCi/mL: for quarterly values, 0.14 x 10 18 JJCi/mL. 

hError limits are estimAtes of the. standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) subtracted from the data. 

dDOE DCG for plutoriium-238 in air is 30,000 x 10- 18 uCi/mL. 

found at sampler #119, was 9.6 x 

l0- 12 IJCi/mL. This concentration is 

estimated to be 0. 007% of the DOE DCG. 

The results are summarized in Table 10. 

Environmental levels for plutonium-238 

and tritium in air as measured at sampler 

# 119 are shown in Table 3. These en

vironmental le,rels of plutonium-238 and 

tritium in air are subtracted after the 

averaging procedures are completed. 

An onsite perimeter network consisting of 

five continuous, high-volume air samplers 

is used to further assess the effective

ness of stack emission control systems. 

The onsite sampling locations are shown 

in Figure 4. Particulate samples and 

18 

tritium samples are collected by the 

onsite samplers at approximately the same 

flow rate as the offsite samplers and are 

analyzed in the same manner. 

The average incremental plutonium-238 

concentration measured for all locations 

onsite is 99 x l0-
18 

JJCi/rnL, which is 

estimated to be 0.3% of the DOE DCG. The 

results are summarized in Table 11. 

Table 12 presents onsite concentrations 

of plutonium-239, 240, and plutonium-238, 

including environmental levels, for the 

sake of completeness. The quantity of 

plutonium-238 discharged to the atmo

sphere during 1985 was 5.1 x 10-6 Ci. 

• 

• 

• 
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Table 9 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1985 

Number Plutonium-239,240 Plutonium-238 
of (l0-1 8 llCi/mL) (l0-18 ~o~Ci/rnL) 

M.:l..n.:l..mume Maximum Location SamEles Averag:ea,l5 Averag:ea,l5 

101 3 0.07 0.42 0.25 ± 0.43 2.6 ± 5.36 
102 4 0.15 0.38 0.27 ± 0.16 8.19 ± 9.14 
103 4 0.24 0.55 0.39 ± 0.21 6.5 ± 5.88 
104 4 0.12 0.26 0.17 ± 0.11 1. 88 ± 1.3 
105 4 0.09 0.25 0.17 ± 0.1 2.62 ± 4.19 
108 4 0.22 0.42 0.33 ± 0.13 0.2 ± 0.25 
110 4 0.01 0.33 0.16 ± 0.21 0.18 ± 0.17 
111 4 0.09 0.44 0.21 ± 0.25 0.35 ± 0.16 
112 4 0.08 0.38 0.22 ± 0.2 0.99 ± 1. 89 
115 4 0.1 0.39 0.23 ± 0.2 0.08 ± 0.17 
118· 4 0.16 0.41 0.29 ± 0.2 11 ± 11 
119 4 0.04 0.31 0.13 ± 0.2 0.15 ± 0.13 
122 12 n.d. 0.87 0.33 ± 0.17 8.58 ± 6.64 
123 12 0.08 3. 72 0.84 ± 0.63 40.3 ± 62.7 
124 12 n.d. 0.7 0.2 ± 0.24 13.8 ± 

aLower det~ction limit (LDL) for monthly values of pl~tonium-238 in air is 
0.69 x 10 18 llCi/mL; for quarterly values, 0.14 x 10 18 llCi/mL. Lower 
detection limit (LDL) for monthly values of plutonium-239,240 in air is 
0.38 x 10- 18 llCi/mL; for quarterly values, 0.08 x l0- 18 llCi/mL. 

9.43 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cThe (n.d.) indicates that the values cannot be detected above the reagent 
blanks . 

Table 10- INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE--------------, 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1985 

Number Tritium Oxide 
Percent ofd of 00 -12 llCi/mL) 

Location SamEles M.:l..nimumc Maximumc Averag:ea,o,c DOE DCG 

101 42 e .1. 40.4 17.4 ± 3.98 0.017 
102 51 3.94 70.9 29.2 ± 5.03 0.029 
103 52 e .1. 43.6 10.9 ± 3.57 0. 011 
104 52 e.l. 52.3 9.39 ± 4.08 0.009 
105 49 e.l. 26.6 4.89 ± 3.09 0.005 
108 50 e .1. 21.2 2.3 ± 2.91 0.002 
110 49 e .1. 26.2 0.99 ± 2. 72 0.001 
111 51 e.l. 20.8 e.l. 
112 52 e .1. 19.5 2.45 ± 2.81 0.002 
115 45 e.l. 11.6 e.l. 
118 so e .1. 31.7 6.49 ± 3.1 0.006 
122 51 e.l. 68.3 11.7 ± 4.79 0.012 
123 52 e.l. 116 20.2 ± 6.62 0.020 
124 50 e.l. 55.5 18.2 ± 4.04 0.018 

aLower detection limit (LDL) for tritium oxide in air is 14 X Io-12 ~o~Ci/mL. 

bF.rror limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) subtracted from the data. 

dDOE DCG for tritium oxide in air is 100,000 x 10- 12 1.1Ci/mL. This value has 
been adjusted to include the fraction of tritium oxide which is absorbed 
through the skin as part of the inhalation pathway. 
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Table 11 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1985 

Number Plutonium-238 
of (10- 1 8 JJCi/mL) Percent ofd 

Location SamEles Minimumc Maximumc Averag:ea,o,c DOE DCG 

211 12 17.2 1269 182 ± 223 0.61 

212 12 2.26 42.8 16.8 ± 8.08 0.06 

213 12 35 369 153 ± 61.8 0.51 

214 12 12.1 772 126 ± 136 0.42 

215 12 0.96 137 16.5 ± 24.3 0.06 

aLower detection limit (LDL) plutonium-238 in air is 0.69 x 10- 18 1.1Ci/mL. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) subtracted from the data. 

dDOE DCG for plutonium-238 in air is 30,000 x 10- 18 1.1Ci/mL. 

Table 12 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN 1985 

Number Plutonium-239,240 Plutonium-238 
of (10-1 8 JJCi/mL) uo-18 JJCi/mL) 

Location Samples Minimumc Maximum Averag:ca,l5 Averag:ea,l5 

211 12 n.d. 7.97 1. 21 ± 1. 39 182 ± 223 

212 12 n.d. 0.93 0.31 ± 0.28 16.9 ± 8.07 

213 12 0.1 3.03 0.99 ± 0.54 153 ± 61.8 

214 12 n.d. 2.29 0.76 ± 0.44 126 ± 136 

215 12 n.d. 1. 59 0.37 ± 0.29 16.6 ± 24.3 

aLower detection limit (LDL) for monthly values of plutonium-238 in air is 
0.69 x 10-1 8 1.1Ci/mL. Lower detection limit (LDL) for monthly values of 
plutonium-239,240 in air is 0.38 x 10- 18 JJCi/mL. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cThe (n.d.) indicates that the values cannot be detected above the reagent 
blanks. 

The average incremental onsite tritium 

oxide concentration for all locations was 

27 x lo- 12 JJCi/mL, which is estimated to 

be 0.02% of the DOE DCG. The results are 

summarized in Table"13. The quantity of 

tritium discharged to the atmosphere 

during 1985 was 4795 Ci. 

20 
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Table 13 - INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1985 

Number Tritium Oxide 
Percent ofd of ( 10-1 2 uCi/mL) 

Location SamEles Minimumc MaximumC! Averag:e;ll,l5,c DOE DCG 

211 52 e.l. 167 32.7 ± 13.3 0.033 

212 50 1. 54 115 29.7 ± 6.84 0.030 

213 49 e.l. 104 27.3 ± 6.84 0. 027 

214 52 e.l. 189 24.8 ± 9.19 0.025 

215 52 e .l. 134 19.8 ± 7.28 0.020 

a Lower detection limit (LDL) for tritium oxide in air is 14 X 10-12 11Ci/mL. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) subtracted from the data. 

dDOE DCG for tritium oxide in air is 100,000 x 10- 12 uCi/mL. This value has 
been adjusted to include the fraction of tritium oxide which is absorbed 
through the skin as part of the inhalation pathway . 
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Air- Nonradioactive 
The primary source of nonradioactive air

borne emissions is the Mound steam power 

plant. This plant is normally fueled 

with natural gas, but ·can burn fuel oil. 

During unusually cold weather, if the 

natura 1 gas supply to Mound is inter

rupted, fuel oil with <1% sulfur content 

is burned. Approximately 43,000 gal of 

fuel oil was burned during 1985. 

Addi~ional sources of airborne emissions 

are as follows. A waterwash, paint spray 

booth is operated intermittently in the 

Mound paint shop. Wastes from operations 

involving explosives are disposed of by 

open burning under a permit issued by the 

Regional Air Pollution Control Agency 

(RAPCA). Fire-fighter training exercises 

are held at an open outdoor facility 

under a burning permit issued by RAPCA. 

Em.issions from sources and the applicable 

emission standards are summarized in 

Table 14. The emissions were estimated 

from emission factors established by the 

u.s. EPA flO]. Emission factors allow 

calculation of emissions based on 

quantity of material used or consumed. 

Nonradioactive airborne emissions at 

Mound were all within applicable stan

dards and had minimal impact on ambient 

air quality. This is further demon

strated by the particulate concentration 

data summarized in Tables 15 and 16. 

The data presented are weekly particulate 

concentrations measured at Mound's 

offsite and onsite air-sampling sites 

(Figures 1 and 4). The particulate con-

centration at onsite locations is 

generally within the range of the offsite 

locations. The particulate concentration 

also appears to be independent of 

distance from Mound. This would suggest 

no influence from Mound operations. For 

comparison, the State of Ohio - Ambient 

Quality Standard for airborne particu

lates is also given in Table 15. 

Table 14 - NONRADIOACTIVE AIRBORNE EMISSIONS 1985 

22 

Emission Emissiona 
Source Pollutant Emission Standard 

Powerhouse Particulates 0.005 lb/10
6 Btu 0.2 lb/10 6 Btu 

Input 

Powerhouse Sulfur Oxides 0.004 lb/10 6 Btu 1.6 lb/10 6 Btu 
Input 

Paint Shop Organics 0.6 lb/day 40 lb/day 

Explosives Particulates 9.4 lb NA 
Burning 

Fire Fighter Particulates 71 lb NA 
Training 

aOhio EPA Air Pollution Regulations 3745-17-01 through 3745-17-13 
and 3745-21-0 through 3745-21-08. 

NA - not applicable. 

% of 
Standard 

2.6 

0.3 

1.5 

NA 

NA 

• 

• 

• 
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~---Table 15- 1985 PARTICULATE CONCENTRATIONS OFFSITE 

Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

119 

122 

123 

124 

Number 
of 

Samples 

41 

52 

52 

47 

52 

52 

52 

52 

47 

45 

51 

51 

52 

52 

52 

Particulatesa,b 
( ug/m 3) 

Minimum Maximum 

28 

7 

3 

15 

13 

18 

10 

14 

13 

15 

14 

12 

11 

7 

13 

98 

133 

61 

286 

47 

86 

51 

72 

49 

106 

96 

56 

69 

65 

58 

aOhio Ambient Air Quality Standard = 60 ug/m 3 

(annual geometric mean). 

Annual 
Arithmetic 

Average 
(ug/m 3 ) 

50 ± 4 

40 ± 6 

32 ± 3 

42 ± 11 

31 ± 

50 ± 

2 

4 

31 ± 3 

39 ± 3 

31 ± 2 

36 ± 4 

39 ± 4 

26 ± 3 

32 ± 4 

36 ± 3 

34 ± 3 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

These data are obtained by the Mound air monitoring program 
and are indicative only of the particulate air loading of 
the Dayton metropolitan area. Mound particulate discharges 
presented in Table 14 make a negligible contribution to the 
surrounding area. Table 16 presents onsite particulate data. 

Table 16 - 1985 PARTICULATE CONCENTRATIONS ON SITE 

Annual a 
Number Particulates Arithmetic 

of (U9:/m3) Average 
Location Sam12les Minimum Maximum (u9:/mJ) 

211 51 18 127 50 ± 7 

212 48 4 57 29 ± 3 

213 52 28 108 62 ± 5 

214 52 5 122 45 ± 6 

215 52 4 63 30 ± 3 

aError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 
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Water · Radioactive 
Water sampling locations along the banks 

of the Great Miami River were selected 

according to guidelines recommended by 

the u. s. EPA [11). The locations, shown 

in Figure 5, provide samples that are 

representative of river water after 

considerable mixing of the effluent from 

Mound has occurred. Water samples are 

normally collected and filtered in the 

field at these locations five days per 

week, and are subjected to specific 

analyses for plutonium-238 and tritium. 

Large-volume water samples are analyzed 

by compositing daily samples for a quar

terly analysis. The average incremental 

concentration of plutonium-238 measured 

for all locations in the Great Miami 

River was 2 x 10-12 ~Ci/mL, which is 

0. 0005% of the DOE DCG. These results 

are summari?.ed in Table 17. 

Weekly samples are analyzed for tritium. 

The average incremental concentration of 

tritium measured at all locations in the 

Great Miami River was 0.02 x 10-6 ~Ci/mL, 

which is estimated to be 0. 001% of the 

DOE DCG. These results are summarized in 

Tablf' lR. 

Uranium-233, 234, and 238 were also moni

tored at the river water sampling 

locations during 1985. The average 

incremental concentrations of uranium-
-9 233, -234 were 0.03 x 10 ~Ci/mL, which 

is estimated to be 0.006% of the DOE DCG. 

The average incremental c6ncentration for 

uranium-238 was at the environmental 

level. In addition, as shown in Table 19, 

the ratio of uranium-233, -234 to 

uranium-238 is slightly greater than 

unity, which is in range of background 

ratios reported [12]. This is expected 

as a result of secular equilibrium. 

The total amounts of plutonium-238, 

tritium, and uranium-233, -234 discharged 

to the Great Miami River during 1985 were 
-4 . 4 

9.9 X 10 Ci, 5.82 Ci, and 4.0 x 10- Ci, 

respectively. The average concentrations 

of these materials in the discharge 

system were 0.75 x 10- 9 ~Ci/mL, 9.5 x 

10-6 ~Ci/mL, and 0.48 x 10- 9 ~Ci/mL, 

respectively. These concentrations were 

estimated to be 0.19%, 0.48%, and 0.1%, 

respeptively, of the DOE DCG. 

Seven additional surface water locations, 

such as ponds, in all quadrants surround

ing Mound as shown in Figure 5 are 

sampled monthly for plutonium and tritium 

analyses. The samples used for plutoni

um-238 determinations are also large 

volume water samples. The large volume 

of sample increases the sensitivity of 

the analysis for plutonium. A smaller 

aliquot (10 mL) is taken which is 

adequate for the tritium analysis. The 

average concentrations of plutonium-238 

and tritium for all locations were 3.3 x 

lo- 12 ~Ci/mL and 0.11 x 10-6 ~Ci/mL, 

respectively, which are 0. 0008% and 

0.006%, respectively, of the DOE DCG. 

The results of the surface water samples 

are summarized in Tables ?.0 and 21. 

Environmental levels (Table 3) have been 

subtracted from the concentration of 

plutonium and tritium in water. 

Drinking water from communi ties in the 

surrounding area is sampled and jinalyzed 

quarterly for tritium. These communities 

and their relative locations are shown in 

Figure 1. The average conce~tration of 

tritium for all locations was 0.24 nCi/L 

which is 1.2% of the standard adopted by 

the u. S. EPA in 1977 for community 

drinking water systems. Data from the 

analyses of community drinking water 

samples are summarized in Table 22. The 
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Table 17 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN THE GREAT MIAMI RIVER IN 1985 

Number Plutonium-238 
of ( 10- 12 11Ci/mL) Percent ofd 

Location Sameles Min~mumc Max~mumc Averag:ea,E,c DOE DCG 

1 4 0.25 8.25 2.68 ± 6.11 0.0007 
2 4 e.l. 2.15 0.5 ± 2.94 0.0001 
3 4 0.15 8.65 3.18 ± 6.44 0.0008 
4 4 0.45 2.95 1. 78 ± 2.19 0.0004 
5 4 0.15 3.95 1. 85 ± 2.7 0.0005 

aLower detection limit (LDL) plutonium-238 in river water is 0.56 x 10-12 11 Ci/mL. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) subtracted from the data. 

dDOE DCG for plutonium-238 in river water is 400,000 x 10-12 11 Ci/mL. 

Table 18 - INCREMENTAL CONCENTRATIONS OF TRITIUM 
IN THE GREAT MIAMI RIVER IN 1985 

Number Tritium 
Percent ofd of (10- 6 11Ci/mL) 

Location Sameles Minimwnc MaximumC Averag:ea,E,c DOE DCG 

1 29 e.l. 0.17 0.004 ± 0.05 0.0002 
2 29 e.l. 0.12 0. 011 ± 0.047 0.0006 
3 29 e.l. 0.27 0.017 ± 0.055 0.0009 
4 29 e .1. 0.22 0.025 ± 0.049 0.0013 
5 29 e.l. 0.25 o. 039 ± 0.058 0.0020 

aLower detection limit (LDL) for tritium in river water is 0.04 x 10-6. 11Ci/mL. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) subtracted from the data. 

dDOE DCG for tritium oxide in river water is 2,000 x 10-6 11Ci/mL. 

P-nvironmental level in Table 3 for 

tritium in water is not subtracted from 

these data because the EPA standard 

assesses total concentration including 

background. 

Drinking water from private wells is also 

analyzed for tritium. The average con

centration of tritium for all private 

well locations was 4.85 nCi/L, which is 

24% of the U. s. EPA Standard. 

data are shown in Table 23. 

These 

Three private wells and Miamisburg city 

water were sampled and analyzed quarterly 

for . plutonium-238. These samples were 

also large-volume water samples. The 

average incremental plutonium-238 concen

tration for these locations was 0. 4 x 

lo- 12 11Ci/mL, which is 0.0001% of the DO~ 

DCG. These results are shown in Table 24 • 
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Table 19 - INCREMENTAL CONCENTRATION OF URANIUM-233,234 AND URANIUM-238 
IN THE GREAT MIAMI RIVER IN 1985 

Number Uranium-233,234 
Percent ofd 

Uranium-238 Ratioe 
of (10-g J:!Ci/mL) (10-g J:!Ci/mL) Uranium-233,234/ 

Location Samfles MinimumC Maximumc Avera2ea,b,c DOE DCG Hinimumc Maximumc Avera2ea,Ei,c Uranium-238 

1 4 e.1. 0.26 0.07 ± o. 71 0.014 e.l. 0.21 e.l. 1.1 

2 4 e.l. 0.13 e.l. e.l. e.l. e .1. 1.1 

3 4 e.l. 0.13 0.004 ± 0.73 0.001 e.l. e.l. e.l. 1.2 

4 4 e.l. 0. 22 0.03 ± 0.74 0.006 e.l. 0.02 e .1. 1.2 

5 3 0.04 0.14 0.07 ± 0.68 0.014 e.l. e.l. e.l. 1.1 

aLower detection limit (LDL) for uranium-233,234 is 0.04 x 10-9 ~Ci/mL. The LDL for Uranium-238 is 0.005 x 10-g ~Ci/mL. 

bError limits are estimates of the standard error of the estimated means at the 95\ confidence level. 

cAverage environmental level (e.l.) subtracted from data. 

dDOE DCG for uranium-233,234 in water is 500 x 10-9 ~Ci/mL. The DOE DCG for uranium-238 is 600 x 10-9 ~Ci/mL. 

eEnvironmental level not subtracted from these data • 
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Table 20- INCREMENTAL CONCENTRATION OF PLUTONIUM-238----------------~ 
IN SURFACE WATER IN 1985 

Number 
of 

Location Sameles MinimurrP 

10 3 e.l. 

11 4 e.l. 

12 4 e .1. 

13 4 e.l. 

14 4 e.l. 

15 4 e.l. 

16 4 e.l. 

17 4 e.l. 

Plutonium-238 
(10- 12 uCi/mL) 
Maximumc Averagea,b,c 

e.l. e.l. 

e.l. e.l. 

e.l. e.l. 

e.l. e.l. 

e.l. e.l. 

e.l. e.l. 

e.l. e.l. 

122 26.7 ± 103 

Percent ofd 
DOE DCG 

·o. oo67 

aLower detection limit (LDL) plutonium-238 in surface water is 0.6 x 10- 12 uCi/mL. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

c Average environmental level (e.l.) subtracted from the data. 

dDOE DCG for plutonium-238 in water is 400,000 x 10- 12 uCi/mL • 

Table 21 - INCRD1ENTAL CONCENTRATION OF TRITIUM 
IN SURFACE WATER IN 1985 

Number Tritium 
Percent ofd of (10-6 uCi/mL) 

Location sarneles Minimumc MaxJ.mumc Averag:ea,b,c DOE DCG 

10 8 e.l. 0.29 0.09 ± 0.13 0.005 

11 10 e.l. 0.2 0.07 ± 0.08 0.004 

12 10 e.l. 0.29 0.05 ± 0.12 0.003 

13 10 e.l. 0.2 0.06 ± 0.09 0.003 

14 10 0.09 0.41 0.23 ± 0.10 0.012 

15 10 e.l. 0.33 0.14 ± 0.11 0.007 

16 10 e.l. 0.15 e.l. 

17 10 0.04 0.4 0.21 ± 0.09 o. 011 

aLower detection limit (LDL) for tritium in surface water is 0.03 x 10-6 uCi/mL. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) subtracted from the data. 

dDOE DCG for tritium in water is 2,000 x 10-6 uCi/mL. -
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Table 22 - TRITIUM LEVELS IN COMMUNITY DRINKING WATER IN 1985 

Number Tritium Percent 
of (nCi/L) of EPA 

Location Sam121es Minimumc Maximum c Averag:ea,o,<:: Standard 

Bellbrook ,16 0.02 0.22 0.1 ± 0.03 0.50 
Centerville 16 0.07 0.18 0.12 ± 0.02 0.60 
Dayton 16 0.005 0.21 0.1 ± 0.03 0.50 
Franklin 16 0.1 0.66 0.31 ± 0.07 1. 55 
Germantown 16 0 0.26 0.13 ± 0.04 0.65 
Kettering 16 0.13 0.42 0.28 ± 0.04 1. 40 
Miamisburg 15 0.58 1.2 0.8 ± 0.1 4.00 

Middletown 16 0 0.39 0.19 ± 0.06 0.95 
Moraine 16 0.1 0.38 0.22 ± 0.04 1. 10 

Springboro 16 0.13 0.42 0.29 ± 0.05 1. 45 

Waynesville 16 0 0.21 0.07 ± 0.04 0.35 

West Carrollton 16 0.12 0.43 0.25 ± 0.06 1. 25 

aLower detection limit (LDL) for tritium in community drinking water is 
0.04 nCi/L. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e .1.) not subtracted from the data to compare to 
the EPA standard of 20 nCi/L. 

Table 23 - TRITIUM IN PRIVATE WELLS IN 1985 

Number Tritium 
of (nCi/L) 

Location Sam12les M:l.n:l..mumc Maximum:: Average a,5,c 

B-1 31 2 9 4.1 ± 0.5 

B-2 2 6 6 6 ± 0 

B-3 8 5 7 5.6 ± 0.6 

J-1 8 2 4 2.3 ± 0.6 

B-H 36 3 8 5.6 ± 0.3 

B-R 2 5 6 5.5 ± 6.4 

aLower detection limit (LDL) for tritium in well water is 0.04 nCi/L. 

Percent 
of EPA 

Standard 

20.5 

30.0 

28.0 

11.5 

28.0 

27.5 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) not subtracted from the data to compare to 
the EPA standard of 20 nCi/L. 

•• 
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~---- Table 24 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN PRIVATE WELLS 
AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1985 

Number 
of 

Location SamEles Minimwnc 

Miamisburg 4 e .1. · 

B-1 4 e.l. 

B-2 1 1.8 

B-3 4 e.l. 

.J-1 4 e.l. 

Plutonium-238 
no-t2 11Ci/mL) 
Maximumc 

e.l. 

0.1 

1.8 
0.1 

0.5 

Avera9:ea,c,c 

e.l. 

e.l. 
1.8 

e.l. 

e .1. 

Percent ofd 
DOE DCG 

0.0005 

aLower detection limit (LDL) plutonium-238 in surface water is 0.6 x 10- 12 11Ci/mL. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

cAverage environmental level (e.l.) subtracted from the data. 

dDOE DCG for plutonium-238 in water is 400,000 x 10- 12 11Ci/mL • 
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Water· Nonradioactive 
Mound discharged an average of 0.64 mil

lion gallons of water per day in 1985 to 

the Great Miami River. Nonradioactive 

pollutants in this effluent water are 

regulated by a National Pollutant 

Discharge Elimination System (N~DES) 

permit. This permit, issued by the Ohio 

EPA, requires Mound to characterize its 

effluent water by analyzing samples 

collected at four onsite locations. 

A 24-hr composite, flow proportional 

sample and a grab sample are collected 

from discharges 001-A, 001-B, and 002. 

Discharge 001-A contains the effluent 

from the sanitary sewage treatment plant. 

Di~charge 001-B includes storm water 

·runoff, single-pass cooling water, zeo

lite ~oftener backwash, boiler-plant 

blowdown, and discharge from the radio

active waste disposal facility. Dis

charge 002 consists of single-pass 

cooling water, cooling tower blowdown, 

zeolite softener backwash, and most of 

the plant storm water runoff. A time 

proportional sample (8-hr composite) and 

a grab sample are collected from the 

electroplating facility (discharge 001-C). 

The Ohio EPA modified the terms of the 

NPDES permit twice during 1985. The Ohio 

EPA ordered Mound in February 1985 to 

take certain corrective actions to allow 

better control of suspended solids 

discharges at effluents 0018 and 002 by 

August 1985. Mound successfully imple-

men ted these actions and was in 

compliance with suspended solids limits 

by June 20, 1985. Mound's NPDES permit 

was subsequently renewed effective 

October 1985 for a five-year period. The 

permit limits are found in Table 25 and 

the Appendix. The changes in the renewed 

32 

permit include: fecal coliform and 

residual chlorine are to be monitored in 

effluent 001-A during the summer months 

only; the dissolved solids and residual 

chlorine monitoring requirements were 

deleted for effluent 001-B; the measure

ment of pH and·total toxic organics (TTO) 

was added to effluent 001-C; dissolved 

solids, grease and oil, and residual 

chlorine were deleted as monitoring 

requirements for effluent 002. The re

sults of effluent analyses for 1985 are 

summarized in Table 25. These water 

samples were analyzed for water quality 

parameters according to standard methods 

[13 J • 

The EPA additionally requires Mound to 

monitor the flow and pH from a well which 

is periodically pumped as a part of the 

Potable Water Standards Project. Ap

proximately 30 million gallons were 

pumped from this well, discharge 003, in 

1985. 

In all, 1227 NPDES analyses were per

formed in 1985. From these measurements, 

an effluent parameter exceeded its maxi

mum discharge limit 3 times. ·Mound also 

exceeded monthly average limits 4 times 

in 1985. These exceptions all occurred 

in the effluent from the sewage treatment 

plant. Suspended solids, biochemical 

oxygen demand, and fecal coli form were 

the parameters that exceeded permit 

limits. Varying influent loadings occa

sionally make it difficult to operate the 

plant within all NPDES limits. Process 

controls for the treatment plant can be 

set more precisely when the influent 

loading is consistent on a daily basis. 

The influent loading at Mound can vary up 

to 300% from one day to the next. This 

requires choosing process control 

parameters which are a compromise between 

• 

• 
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Table 25 - NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM DATA FOR 1985 --------------, 

Parameter 

Discharge 001-A 

FLow Ratea 

pH 

Biochemical oxygen 
Demand 

Suspended Solids 

Fecal Coliform 

Residual Chlorine 

Discharge 001-B 

Flow Rate 

pH 

Suspended Solids 
(Jan-Feb) 

Suspended Solids 
(Mar-Dec) 

Dissolved Solids 

Grease and Oil 

Residual Chlorine 

Chemical OXygen 
Demand 

Discharge 001-c 

Cyanide 

Chromium 

Cadmium 

Nickel 

Copper 

pH 
(Oct 1 - Dec 31) 

Total Toxic 
Organics 

Discharge 002 

Flow Rate 

pH 

Suspended Solids 
(Jan - Feb) 

suspended Solids 
(Mar - Dec) 

Dissolved Solids 

Grease and Oil 

Residual Chlorine 

Units 

MGD 

s.u. 

mg/L 

mg/L 

MPN/100 mL 

mg/L 

MGD 

s.u. 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

s.u. 

mg/L 

MGD 

s.u. 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

No. of 
Samples 

Cont. 

213 

97 

94 

89 

22 

Cont. 

89 

17 

44 

15 

12 

76 

19 

45 

45 

45 

45 

45 

3 

1 

Cont. 

48 

17 

44 

18. 

9 

76 

Minimum 

0.04 

6.8 

1.2 

5.8 

3 

0.03 

0.02 

7.9 

2.3 

2.3 

700 

0.8 

<0.02 

4 

<0.04 

<0.05 

<0.01 

<0.05 

<0.05 

7.9 

<1.11 

0.0 

7.8 

3.7 

5.0 

690 

<0.02 

<0.02 

Maximum 

0.22 

8.3 

18 

24 

4700 

0.48 

0.20 

9.1 

22.2 

30 

17700 

5.4 

<0.02 

53 

<0.04 

0.10 

0.06 

0.36 

0.48 

8.4 

<1.11 

1.9 

8.5 

27.3 

42 

1500 

2.8 

<0.02 

Annual 
Average 

0.09 

7.5 

7.7 

14 

120 

0.26 

0.09 

8.5 

10.3 

9.8 

6700 

2.5 

<0.02 

21 

<0.04 

<0.05 

<0.02 

<o.o8 
<0.13 

8.2 

<1.11 

0.46 

8.1 

12.8 

19.5 

1025 

1.3 

<0.02 

aincludes flow from 001-C. The maximum flow from 001-C is approximately 2000 gal/day. 

bpH also has a minimum limit of 6.5 • 

cNo limit applicable. 

NPDES Permit Limits 

c 

9.0 

15 

30 

2000 

0.5 

c 

9.5 

30 

45 

c 

10 

<0.02 

c 

1.0 

0.5 

0.1 

0.5 

o.s 
9.0 

c 

9.0 

30 

45 

2000 

10 

0.02 

Monthly 
Average 

10 

15 

1000 

20 

c 

c 

c 

c 

c 

30 

c 

c 

c 

c 

0.65 

c 

c 

c 

c 

c 

c 

c 

15 

30 

1500 

c 

c 

33 



treating the high demand influent and the 

low demand influent. 

In summary, the number of maximum excep

tions represents 0. 2% of the NPDES 

measurements. The exceptions were all 

minor perturbations of short duration and 

din not adversely impact the water 

quality of the Great Miami River. Data 

from the U. s. Geological Survey show 

that flow in the Great Miami River at 

Miamisburg in 1985 averaged 1660 million 

34 

gallons per day (MGD) with a minimum and 

maximum of 270 MGD and 16,000 MGD, re

spectively. The magnitude of this river 

flow is significantly greater than Mound 

effluents such that the above exceptions 

would have no measurable impact on the 

Great Miami River. In addition, a review 

of the data in Table 25 shows that Mound 

effluents did not cause the Great Miami 

River to exceed Ohio Stream Standards 

which are shown in the Appendix. 

• 

• 
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Foodstuffs and Vegetation · Radioactive 
Various locally grown foodstuffs and 

vegetation samples are collected from the 

surrounding area. The intent of this 

portion of the Environmental Monitoring 

Program is to determine whether there is 

any significant uptake and concentration 

of radionuclides by plant or animal life. 

Samples were collected in Miamisburg, 

Centerville, and Bellbrook. Centerville 

and Bellbrook are in the prevailing wind 

direction from Mound at a distance of 

8 km (5 mi) and 16 km (10 mi), respec

tively. Both communities are shown in 

Figure 1. Fish were collected in the 

Great Miami River. Mound's outfalls are 

shown as dotted lines in Figure 5. The 

plutonium-238 content of the foodstuff 

and" vegetation samples is determined by 

ashing the samples, then proceeding with 

Table 26 - INCREMENTAL PLUTONIUM-238 

Number 
Type of of 

IN 

Location Sample Samples 

Miamisburg Grass 8 
Potatoes 4 

Centerville Grass 8 
Potatoes 4 

Bellbrook Grass 8 
Potatoes 4 

Mound Fish 8 
(outfall to river) 

the same techniques used for plutonium-

238 analyses of air samples (see section 

on Air Radioactive). The tritium 

content of the foodstuff and vegetation 

samples is determined by distilling the 

water from the sample, then analyzing the 

distillate for tritium. The results of 

the foodstuff, vegetation, and fish 

analyses are summarized in Tables 26 and 

27. The concentration is given in terms 

of the sample weight (wet weight) before 

ashing or distilling. The samples of 

aquatic life analyzed included only the 

edible, fleshy portions of fish. These 

analyses indicate no evidence of any 

significant uptake or concentration by 

plant or animal life of the radionuclides 

handled at Mound. Environmental levels 

for foodstuffs and vegetation have been 

subtracted from the data (Table 3). 

FOODSTUFFS AND VEGETATION IN 1985 

Plutonium-238 
(10-g pCi/9) 

Minimuma Maximuma Averagea,15,c 

e.l. 0.2 e.l. 
e.l. 0.87 0.25 ± 1.3 

e.l. 0.12 e.l. 
e.l. 0.65 0.21 ± 1.1 

e.l. 0.09 e.l. 
e.l. 0.48 e.l. 

e.l. 0.54 0.1 ± 0.32 

aAverage environmental level (e.l.) subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for plutonium-238 in grass is 0.31 x 10-9 uCi/g. 
For plutonium-238 in potatoesL the LDL is 0.65 x 10- 9 uCi/g. For plutonium-238 
in fish, the LDL is 0.26 x 10 9 uCi/g • 
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Table 27 - INCREMENTAL CONCENTRATION OF TRITIUM IN VEGETATION IN 1985 

Number Tritium 
Type of of (10-6 11Ci/gl 

Location Sample SamEles M.inimuma Maximum a Averagea,o,c 

Miamisburg Grass 8 0.27 0.58 0.44 ± 0.11 
Tomatoes 4 1.2 1.4 1.3 ± 0.16 

Centerville Grass 8 e .1. 0.12 e.l. 
Tomatoes 4 e.l. 0.05 0.03 ± 0.1 

Bellbrook Grass 8 e .1. 0.16 0.06 ± 0.09 
Tomatoes 4 e.l. 0.11 0.04 ± 0.15 

aAvera~~ environmental level (e.l.) subtracted from data. 

bError limits are estimates of the standard error of the estimated means at the 
95% confidence level. 

CLower detection limit (LDL) for tritium in grass is 0.02 x 10- 6 11Ci/g. 
For tritium in tomatoes, the LDL is 0.03 x 10-6 11Ci/g. 

• 
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Silt - Radioactive 
S~lt samples were collected from the 

river and surface water sample locations 

shown in Figure 5. 

The results of the silt sample analyses 

are found in Tables 28 and 29. No 

adverse impact to the environment could 

be determined from the radionuclide 

levels found in these sediments. 

Table 28 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN SILT 
FROM RIVER SAMPLING LOCATIONS IN 1985 

Number Plutonium-238 
of (10- 9 11Ci/g) 

Location SamEles M.in:l.mumc Max.imumc Averagea,l5,~ 

1 4 e.l. 3.7 0.9 ± 3.3 

2 4 6.2 17 13 ± 7.7 

3 4 29 43 36 ± 11 

4 4 34 173 123 ± 98 

5 4 4.4 21 11 ± 13 

aLower detection limit (LDL) for plutonium-238 in silt is 
0.4 X 10-g 11Ci/g. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

cAverage environmental level (e.l.) subtracted from data • 

Table 29 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN SILT 
FROM SURFACE WATER LOCATIONS IN 1985 

Location 

10 

11 

12 

13 

14 

15 

16 

Number 
of 

SamEles 

3 

4 

4 

4 

4 

4 

4 

M~n1mumc 

0.6 

0.8 

0.08 

0.4 

0.7 

e.l. 

0.08 

Max1mum c Average a, 15, c 

0.8 

41 

2.3 

11 

10 

1.9 

0.6 

0.7 :1: 0.7 

11 ± 32 

1.4 :1: 0.6 

3.4 ± 8.5 

3.3 :1: 10 

1.1 :1: 2.2 

0.4 ± 0.7 

aLower detection limit (LDL) for plutonium-238 in surface wate~ 
silt is 0.4 x 10- 9 11Ci/g. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

c . 
Average environmental level (e.l.) subtracted from data • 
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Evaluation of Effective Dose 
Equivalent to the Public 
The dose assessment techniques have been 

revised according to the Department of 

Energy guidelines. The "effective dose 

equivalent" is used in the dose assess

ment evaluation in this report [4}. 

The effective dose equivalent values for 

the plutoriium_;238 and tritium exposures 

from the air, water, and vegetation 

pathways are calculated and summed to 

estimate the maximum dose at the site 

boundary and to the individual. The 

general assumptions used in these deter

minations follow. 

Th~ solubility of ingested or inhaled 

plutonium-238 in the receptor is unknown. 

However, it is highly probable that most 

of the plutonium-238 is in the oxide 

form, which is very insoluble. In order 

to provide a realistic but conservative 

effective dose equivalent P.stimate, it is 

assumed that 50% of the plutonium-238 is 

inhalation class W, 50% is inhalation 

class Y for air, and an fl value of 10- 4 

for water and vegetation. 

The term "effective dose equivalent," as 

used in this report, is that cumulative 

effective dose equivalent for a period of 

50 yr from 1 yr of exposure to a given 

radionuclide. This effective dose 

equivalent is composed of the sum of the 

effective dose equivalents from the air, 

water, and foodstuffs pathways. 

• 
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Dose Assessment Assumptions 
and Methodology 
The effective dose equivalent estimates 

for plutonium-238 <md tritium were based 

on environmental monitoring data for 

1985. The estimates for maximum effec

tive dose equivalent in air at the site 

boundary and maximum effective dose 

equivalent to individuals were based on 

the maximum onsite incremental average 

concentration of plutonium-238 and 

(oxide) in air from onsi te tritium 

samplers (sampler 211, Table 11, and 

respectively). sampler 211, Table 13, 

These samplers are in proximity to the 

site boundary .. 

The estimates for water for maximum 
-effective dose equivalent at the site 

boundary and in individuals were based on 

the maximum average incremental concen

tration of plutonium-238 and tritium in 

wells. The maximum offsite average 

concentration of plutonium-238 and 

tritium in drinking water was the average 

of B-1, B-2 and B-3. 

The terms "maximum effective dose equiva

lent at the site boundary" and "maximum 

effective dose equivalent to individuals" 

refer to the maximum dose equivalent for 

individuals to receive, assuming they 

remain at the site boundary 24 hr/day, 

365 days/yr. During this continuous 

occupancy, it is assumed that the 

individual continually breathes air with 

maximum concentrations of radionuclides 

found at our onsite samplers. It is also 

assumed that the same individual consumes 

all his drinking water at the maximum 

radionuclide concentrations found in 

offsi te wells. In addition, the same 

individual is assumed to consume a 

portion of foodstuffs with the maximum 

radionuclide concentrations found off

site. All of these contributions, air, 

water, and foodstuffs, are added to 

obtain an estimate of the total maximum 

effective dose equivalent. The estimated 

contributions from each pathway and t.he 

estimated total maximum effective dose 

equivalent are shown in Table 30. 

The data indicate that, in all cases of 

effective dose equivalent comparisons, 

the dose equivalents are less than 1% of 

the DOE standard. In addition, to put 

0.88 mrem into perspective, the mean 

annual whole body dose equivalent differ

ence from living in Ohio as opposed to 

living in Colorado for 1 year due to 

natural 

[14,15). 

radiation 

One jet 

is about 75 mrem 

flight over the 

Atlantic would . expose an individual to 

2.6 mrem [16). 

r-----------------Table 30 - EFFECTIVE DOSE ESTIMATES------------------, 

Pathway 

Air 

Water 

Foodstuffs 

TOTAL 

MAXIMUM EFFECTIVE DOSE EQUIVALENT AT THE SITE 
BOUNDARY AND TO INDIVIDUALS IN THE POPULATION 

Plutonium Tritium Total 
(mrem) (mrem) (mrem) (mSv) 

0.58 0.026 0.61 (0.0061) 

0.00017 0.235 0.24 (0.0024) 

0.0165 0.016 0.03 (0.0003) 

0.6 0.28 0.88 

Percent 
of DOE 

Standard 

0.61 

0.24 

0.03 

o.88 
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The person-rem dose equivalent estimate 

calculation was based on tritium (oxide) 

and plutonium-238 data from environmental 

air sampling stations in two ranges: 

0-8 km (0-5 mil and 8-21 km (5-20 mil. 

The 0-8 km range includes 10 samplers 

within 1.6 km (1 mi) of Mound. 

The average concentration of tritium 

(oxide) and plutonium in air was obtained 

by averaging concentrations found at 10 

offsite tritium air samplers and then 

subtracting the concentration found at 

s~mpler #119. From this average concen

tration, a dose equivalent was determined 

and multiplied by the number of people 

from 0 to 8 km. 

The average tritium (oxide) concentration 

from the four. other offsite samplers 

(less the concentration at sampler 119) 

was used to obtain the person-rem from 8 

to 32 km. . Eight area segments from 8 to 

32 km were obtained by letting each 

sampler represent one segment concentra

tion and the average of two adjacent 

samplers represent another segment. 

These segment concentrations were then 

multiplied by their respective popula

tion. Using the concentrations from the 

four samplers and this averaging 

technique gives a 

population dose value. 

more realistic 

The person-rem from tritium (oxide) and 

plutonium-238 in community drinking water 

was based on average concentrations of 

40 

tritium (oxide) and plutonium-238 

various community water supplies, 

environmental levels, appropriate 

weighting these concentrations 

respective populations. 

in 

less 

and 

with 

The person-rem from foodstuffs was based 

on average incremental concentrations of 

tritium (oxide) and plutonium-238 found 

in foodstuffs weighted with assumed 

consumption quantities and population. 

The total person-rem was obtained by 

adding the effect from the air, water, 

and foodstuffs pathways. 

It is estimated that the total population 

from 0 to 32 km is receiving 6.7 person

rem from Mound's emissions. The. remain

ing population from 32 km to 80 km (20 to 

SO mi) is expected to receive negligible 

dose commitment from tritium (oxide) and 

plutonium-238 emissions. Thus, the 

effective dose equivalent from Mound's 

emission is estimated to be 6. 7 person

rem for the 0-80 km range. 

For comparison, the population effective 

dose values from natural radiation, 

including cosmic rays, terrestrial, and 

internal radiation, would be approximate

ly 670,000 person-rem for the 0 to 80 km 

(50 mil range (17]. The dose equivalent 

from background tritium alone is 

0. 004 mrem and results in a population 

whole body dose of 13 person-rem for the 

0 to 80 km range [17]. 

• 
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Appendix 
Applicable Standards 
RADIOACTIVE STANDARDS 

In conformance with the U. s. Department 

of Energy memoranda "Radiation Standard 

for Protection of the Public in the 

Vicinity of DOE Facilities" (8/5/85) and 

"Preparation of Annual Site Environmental 

Reports for Calendar Year 1985" (2/28/86), 

environmental sample results were used to 

estimate doses to compare with the DOE 

and EPA standards listed below. 

RADIATION STANDARDS FOR PROTECTION OF THE 

PUBLIC IN THE VICINITY OF DOE FACILITIES 

Dose Limits 

1. ALL PATHWAYS 

The effective dose equivalent for any 

member of the public from all routine DOE 

operations 1 (natural background and 

medical exposures excluded) shall not 

exceed the values given below: 

Occasional annual 
exposuresJ 

Prolonged period of 
exposurel 

Effective Dose 
EJuivalenta 

mrem yr (mSv/yr) 

500 (5) 

100 (1) 

No individual organ shall receive a 

committed effective dose equivalent of 

5 rem/yr (50 mSv/yr) or greater. 

1 Routine DOE operations means normal planned 
operations and does not include actual or 
potential, accidental or unplanned releases. 

ZEffective rlose equivalent will be expressed in 
rem (or millirem) with the corresponding value 
in Sievert (or milliSievert) in parenthesis. 

3 For the purposes of these standards, a prolonged 
exposure will be one that lasts, or is predicted 
to last, longer than 5 years. 

2. AIR PATHWAY ONLY 

(Limits of 40 CFR 61, Subpart H) 

Dose Equivalent 
mrem/yr (mSv/yr) 

Whole body dose 

Any organ 

25 

75 

(0.25) 

(0. 75) 

Drinking Water 

As of June 24, 

water quality 

1977, community drinking 

is regulated by the 

EPA National Interim Primary Drinking 

Water Regulations 

The new standard 

(20,000 pCi/L). 

Soil 

for 

20 X 

Radionuclides. 

10-6 llCi/mL 

There are no guidelines established for 

radioactive species in soil. (The u.s. 
EPA has guidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

water 

The Ohio EPA has issued a discharge 

permit under NPDES regulations governing 

Mound's liquid effluent streams. This 

permit is for the period from October 1, 

1985, to September 27, 1990. The dis

charge limitations for each effluent 

stream are as follows: 

Discharge 001-A 
EPA #601 

Residual Chlorine* (mg/L) 

BODS (mg/L) 

Suspended Solids· (mg/Ll 

Fecal Coliform* (n/100 mL) 

pH (s.u.) 

*May 1 through October 31 

7-day Monthly 
Avera2:e Avera2:e 

0.5 

15. 10. 

30. 15. 

2000. 1000. 

6.5 - 9.0 
(daily limit) 
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Discharge 001-B 
EPA #602 

COD (mg/L) 

Suspended Solids (mg/L) 

Oil/Grease (mg/L) 

pH (S.U.) 

Discharge 001-C 
EPA #603 

Cyanide (mg/L) 

Chromium (1Jg/L) 

Cadmium (llg/L) 

Nickel (ug/L) 

Copper (ug/L) 

Total Toxic Organics 

(1/quarter) (ug/L) 

Discharge 002 
EPA #002 

Suspended Solids 

pH (S.U.) 

Daily 
Limit 

Monthly 
Limit 

(Monitor only) 

45. 30. 

10. 

6.5-9.5 

Daily Monthly 
~ Limit 

1.0 0.65 

500. 

100. 

500. 

500. 

2130. 

Daily Monthly 
Limit Limit 

45. 30. 

6.5-9.0 

The Ohio EPA has established Water 

Quality Standards (3745-1-01-3745-1-09). 

The standards listed below are excerpted 

from these regulations. These standards 

are stream standards and apply to a 

stream beyond a suitable mixing zone 

permitted for discharges. They should 

not be compared with effluent concentra

tions. 

Constituent 

Average 
Concentration 

(mg/L) 

Dissolved Oxygen 5.0 

pH (pH units) 6-9 

Fecal Coliform (N/100 mL) 200 per 100 mL 

Dissolved Solids 1500 

Ammonia 

Arsenic 

Barium 

Cadmium 

Chloride 

44 

1.5 

0.05 

0.8 

0.005 

250 

Constituent 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 

Manganese 

Mercury 

Oil and Grease 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

Average 
Concentration 

(mg/L) 

0.05 

0.005 

1.3 

0.5 

1 

0.04 

1 

0.0005 

5 

0.01 

0.005 

0.001 

0.005 - 0.075* 

0.075 - 0.5* 

*Dependent on caco3 hardness. 

Effective Dose Equivalent Calculations 
The effective doses from both plutonium~ 

238 and tritium oxide are calculated in a 

similar manner then summed for the signi

ficant pathways. The result is one value 

which represents a weighted result which 

is compared to the DOE standard shown 

above. 

The technique in detail involves deter

mining the concentration of the radio

nuclide through environmental monitoring 

then calculating the total ef£ective dose 

equivalent by: 

where 

DE 

DE 

total Effective Dose Equivalent 

(Dose integrated through 50 years 

from 1 year of exposure) 

(mrem/50 year). 
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N 
rR 
1 

p 
r 
1 

Sum of the different radionuclides 

Sum of the different pathways -
air, water, and foodstuff 

Average concentration of the 

radionuclide 

I Annual intake of the environmental 
a 

media [ 1, 2] 

Dose factors for the particular 

radionuclide and type of intake 

[3] 

Conversion factor to convert 

various units into units which 

can be used with DOE effective 

dose conversion factors 
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Foreword 
This report was prepared by the Environmentnl Section of the 

Administrative Services Department at Monsanto Research Corpo

ration - Mound. Sample analyses and data reduction were performed 

DY the Environmental Laboratory Group. Particulate samples offsite 

were collected by the Air Pollution Control Section of the 

t-lontgomery County Combined Generc:f Health District, which nets as 

the Regional Air Pollution Control Agency in this area for the Ohio 

Environmental Protection Agency. All other sampling was performed 

by personnel in the Environmental Section. 
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Introduction 
Mons~nto Research Corporation Mound 

occupies 306 acres of land in Miamisburg, 

Ohio. This location is approximately 

16 km (10 mi) southwest of Dayton, Ohio. 

The predominant geographical feature in 

the five-county region surrounding Mound 

is the Great Miami River, which flows 

from· northeast to southwest through 

Hiamisburg. The river valley is highly 

industrialized. 

The remainder of the region is predomi

nantly farmland, dotted with light 

.A119 

EATOH 

'! 
;I 
u 
I 

.BROOKVILLE 

0 I 2 J ' 
lijijjiiJ""'*~ 

MILES" 
1234~6 

~ 
KILOMHERS 

TROTWOOD Q 

industry and small communities. The 

locations and populations of these commu

nities are shown in Figure 1. The popu

lation distribution surrounrling Mound is 

shown in Figure 2. Drinking water for 

the area is obtained from a buried valley 

aquifer that generally follows the Great 

Miami River. The primary ·agricultural 

activity in the area is raising field 

crops such as corn and soybeans. Ap

proximately 10% of the land in agricul-

tural use is devoted to pasturing 

livestock [ 1 J • 

• AIR ~AMPLIHC. STAT IONS 
POPULATIONS OF CITIES 

.2500-5000 

0 sooo- 1o.ooo 
8 10,000-IS.OOO 

Q>l~.ooo VANDALIA. 

"""~'LJ 

• 

FIGURE 1 - Offsite air sampling locations. 
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Cumulative Population Totals 
1980 Population 0 - 50 Miles 

0-10 398,259 
0-20 1,125,790 
0-30 1,669,231 
0-40 2,823,798 
o-so 3,358,941 

FIGURE 2 -·Projected 1980 population within 50 miles of Mound . 
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The climate in the area is considered 

rr.oderate. Average annual precipitation 

is 91 ern (36 in.) and is evenly distri

buted throughout the year. Winds are 

predominantly from the south or west, 

except during the surmner, when they are 

recorded more frequently from out of the 

southwest f2]. The annual average wind 

speed measured at Mound was 4. 6. rn/ s 

(10. 3 mi/hr) for 1984. Figure 3 

the wind rose compiled at Mound, 

Table 1 

percent 

shows average 

fn~quency for 

directions. 

wind speed 

each of 16 

shows 

and 

and 

wind 

Mound began operations in 1949. Its 

mission currently includes (1) research, 

development, engineering, production, and 

surveillance of components for the 

Department of Energy (DOE) weapons pro-

grams; (2) separation, purification, and 

N NNW ................... -··- .............. . NNE 
...... · .. 

•• ·•••••••·•••••••••••• •••••• •.• NE 
.. . ... 

..
... ········ ····... . ...... 

.. ···· .... ....... ······ ... \ \.\~"' 

.· i~l0'·,\ \ ' 

. ~ .-
NW / 

WNW/ 

w: 
: f!l; . :·;;::_ : s.o i 10.0 l1s.o \ 20.0 

\.... ~-. ~z_·y·· ... ; _ __I~/ .... / / ; 
. . . . ...... / 

WSW \ \\. ···· ..• ••••••· ..•.•••••••••.• ·•· :/ESE 

.... · ·" 
·.... .. .. ··· .·'" ··........... .. ,• 

Sw ··... ·········-············ ... 
.. • •• ••• SE 

FIGURE 
winds 
11ou nd. 

··....... .. 
·-.... . ... .;····· 
ssw··· ............. ··· sse 

3 
from 

s 

The relative frequency 
different directions 

of 
for 

sale of stable isotopes; and (3) DOE pro

grams in nuclear safeguards e.nd waste 

management, 

fusion fuel 

h'ea t source 

systems. The 

testing, and 

radionuclides 

of primary concern that result from 

Mound's current or past operations are 

plutoniurn-238 and tritium. 

Radionuclides in particulate form are 

removed from process air effluents by 

high efficiency particulate air (HEPA) 

filters. Air effluents are filtered 

first at their points of origin (i.e. , 

gloveboxes) and then just before reaching 

the release point (i.e., the stack). The 

filtering system at the stack consists of 

two banks of HEPA filters in series, each 

bank having a collection efficiency of 

99.95%. Radionuclides are removed from 

liquid effluents, such as process wastes, 

by chemical processing. Solid radioac

tive wastes are packaged and shipped 

offsite for burial at approved burial 

sites. Wastes generated in the proces-

sing of explosive materials are collected 

and disposed of according to the Defer.se 

Armament and Research Cormnand (DARCO.r-1) 

Regulation 385-100 and DOE/EV/06194-1. 

An onsite, sanitary waste treatment plant 

provides secondary treatment, iP accor

dance with U.S. Environmental Protection 

Agency (EPA) requirements [ 3 I , using an 

activated sludge process operating in the 

extended aeration mode. All domestic 

sewage generated onsite· is treated in 

this facility. The influent and effluent 

at the sewage treatment plant are also 

monitored for radioactivity to ensure no 

undetected release can occur to the 

environment via the sanitary sewage 

plant. Digested sludge from the sewage 

plant is shipped offsite for burial at an 

approved burial site. 

discharged from the 

All wastewater is 

site to the Great 

Introduction------------------------------------------
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r- Table 1 - AVERAGE ANNUAL PERCENT FREQUENCY OF WIND 
DIRECTION AND AVERAGE WIND SPEED (m/s) FOR 1984 

Direction Percent 

N 4.5 

NNE 5.3 

NE 6.0 

ENE 5.7 

E 4.5 

ESE 4.1 

SE 3.3 

SSE 2.5 

s 4.1 

ssw 11.5 

sw 15.3 

WSW 11.0 

w 5.4 

WNW 5.2 

NW 5.9 

NNW 4.7 

CALM 0.7 

Total 100.0 

Miami River. Nonradioactive solid wastes 

are disposed of according to a recycling 

and reclamation program whenever possi

ble. White paper, scrap metal, and wood 

are sold for reclamation. General refuse 

was transported during 1984 to a sanitary 

landfill site approved by both the state 

and county. Waste solvents and chemicals 

are moved offsite by a commPrcia1-indus

trial waste disposal firm. 

Mound's compliance with regulations pre

scrihed by DOE for the safety of its 

Average Speed 
(m/s) 

4.2 

4.1 

4.0 

4 .2 

4.4 

4.5 

4.2 

4.1 

4.1 

4.8 

5.1 

5.3 

4.7 

5.1 

4.6 

4.4 

4.6 

employees and the public has been d~mon

strated throughout the history of the 

facility. The fundamental objective of 

the Mound Environmental Control Pro·gram, 

an ongoing program since Mound began 

operations, is the containment of radio

active discharges to levels well within 

the existing standards. As part of this 

program, waste streams are monitored and 

controlled at each operating step, re

sulting in no more than low-level 

releases of airborne or liquid wastes to 

the environment. With early detection, 

-------------------------------------------------Introduction 
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control techniques can be implemented, 

thus ensuring that concentrations are 

well· within existing standards and meet 

the DOE guideline "as-low-as-reasonably

achiev~ble" (ALAPA) . 

The same objective applies to nonradioac

tive discharges, control to levels·. well 

within applicable standards. This is 

achieved primarily by directing waste 

streams to the appropriate waste treat

ment system; e.g., sewage treatment 

plant, solvent collection system, or fil

tration. The guideline here also is 

ALAFA. 

As part of the Mound Environmental Pro-

gram monitoring functions, air, 

vegetation, foodstuffs, and 

Si1mples are collected from the 

ment at distances up to 48 km 

from Mound's boundaries. These 

are then analyzed for the 

radionuclides handled at Mound. 

water, 

sediment 

environ-

(30 mi) 

samples 

specific 

A sum-

mary of the monitoring program is shown 

in Table 2. 

The results of the environmental analyses 

for 1984 are provided in this . report. 

The primary purpose of the report is to 

detail what impact, if any, Mound's 

operations have had on the adjacent 

environment in 1984. To serve this pur

pose, several calculational techniques 

that are used throughout this report are 

described. The concentrations of various 

radionuclides reported here that/ resu 1 t 

from Mound's 

"incremental." 

operations 

The term 

denotes a concentration 

are termed 

incremental 

value t.hat 

exceeds normal environmental levels of 

the same radionuclide. The "environ-

mental level" is that level found in th~ 

environment where Mound operaticns would 

have no impact. Environwental levels of 

radionuclides in various media as mea

sured by Mound are shown in Table 3. 

To determine concentrations of radionu

clides found in the environment, the 

instrument background and reagent blanks 

were subtracted from the sample count. 

This value was then used in averages. 

For comparative _purposes ?nd for singlC' 

sample evaluation, the lower detection 

limit (LDL) ·is shown for each set of data 

in this report. The LDL is the estimated 

standard deviation of the blanks at the 

95% confidence level. 

The error estimates shown with each set 

of data are estimates of the standard 

error of the estimated mean at the 95% 

confidence level. These values include 

all sources of variability including 

sampling, analyses, counting statistics, 

and the propagated error involved when 

the environmental levels are subtracted 

from the actual data. 

Introduction-------------------------
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------------------- Table 2 - MONITORING PROGRAM 

r--.,r Surveillance 

I
I oi;s~~~ations 

Onsite 
~ locations 

I Stack Emission 
1 15 locations 

I 
Water Surveillance - Offsite 

Piver 
----s-locations 
Pond 
--7-locations 
Muu~cipal Drinking Water 

12 locations 

1 

I-

Well Water 
5 locations 

Water Surveillance - Onsite 
Effluent Water I 

I 
! 
! 

3 locations 

Silt Surveillance - Offsite. 
Piver 
----s-Iocations 
Pond 
--7-locations 

Vegetati0n and Foodstuff Surveillance 
Vegetation 

3 locations 
Foodstuffs 

3 locations 

Environmental Level Surveillance 
Four Mediums 

6 locations 

Sampling 
Frequency 

Weekly 

Weekly 

Daily 

Daily 

Monthly 

Quarterly 

Monthly 

Daily 

Quarterly 

Quarterly 

Semiannually 

Annually 

Quarterly 

Parameter Measured 

HTO, Pu, particulate 

HTO, Pu, particulate 

HT, HTO, Pu , U 

HTO, Pu, U 

HTO, Pu, U 

HTO, Pu 

HTO, Pu 

Flow, suspended solids, 
BOD

5
, fecal coliform, 

pH, oil and grease, 
COD, residual chlorine, 
dissolved solids, 
cyanide, chromium, 
cadmium, nickel, 
copper, HTO, Pu, U 

Pu 

Pu 

HTO, Pu 

HTO, Pu 

HTO, Pu 

9 

---------------------Introduction 
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Table 3 - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES IN VARIOUS MEDIUMS --

Plutonium-238 in aira 

Tritium oxide in aira 

Plutonium-238 in river waterb 

Tritium in river waterb 

Plutonium-238 in surface waterc 

Tritium in surface waterc 

Plutonium-238 in well waterd 

Tritium in well waterc 

Uranium-233, 234 in river waterb 
. 238 . . b Uran~um- ~n r~ver water 

Plutonium-238 in river siltb 

Plutonium-238 in surface water siltc,e 

Tritium in grassd 

Tritium in tomatoesd 

Plutonium in grassd 

Plutonium in potatoesd 

Plutonium in fishd,e 

aMeasured at offsite sampler 119. 

= 

= 

0.0002 ± o.os 
0.41 

0.4 

0.23 

± 0. 25 

± 4. 5 

± o. 09 

1.4 ± 1.8 

0.21 ± 0.07 

0.6 ± 1.4 

0.14 ± 0.06 

6.21 ± 4.35 

5.97 ± 3.15 

0.0001 ± 0.0009 

N.D. 

0.2 ± 0.1 

0.28 ± 0.18 

0.0003 ± 0.0003 

0.0003 ± 0.0005 

N.D. 

bMeasured 20 mi upstream on Great Miami River. 

cMeasured 28 mi northwest of Mound. 

dMeasured 30 mi west of Mound. 

X 10-l7 

X 10-ll 

X 10-12 

X 10-6 

X l0-l 2 

X 10-6 

X 10-12 

X 10-6 

X 10-lO 

X 10-lO 

X 10-6 

X 10-6 

X 10- 6 

X 10-6 

X 10-6 

IJCi/ml 

uCi/m1 

l.lCi/m1 

IJCi/ml 

uCi/m1 

l.lCi/ml 

J.JCi/ml 

uCi/ml 

uCi/ml 

uCi/ml 

uCi/g 

uCi/g 

IJCi/g 

uCi/g 

).lCi/g 

l 
e(N.D.) environmental level cannot be detected above reagent blanks. 

----------~ 

Introduction----------------------
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Summary 
The environment locally surrounding Mound 

was monitored primarily for tritium and 

plutonium-238. The results are reported 

for 19 8 4. Environmental media analyzed 

included air, water, vegetation, food

stuffs, and sediment. 

The average concentrations of plutonium-

238 and tritium were within the applica~ 

ble standard!' (adopted by the U.S. DOE) 

for radioactive species. 

Data concerning thP emission of nonradio

acti'.'e species into the atmosphere are 

also presented. All of these emissions 

were 7% or less of the applicable emis

sions standard. 

The average incremental concentrations of 

plutonium-238 c.nd tritium oxide in air 

measur~d at all offsite locations during 

1984 were 0.48 x 10-17 ~Ci/ml and 0.81 x 

10- 11 ~Ci/ml, respectively. These corre

spond to 0.02% and 0.01% of their respec

t've Radioactivity Concentration Guides 

(PCG) [ 6]. Details of the applicable 

standards are given in the Appendix. 

The average incremental concentration of 

plutonium-238 measured at all locations 

in the Great Miami River during 1984 was 

1.1 x l0- 12 ~Ci/ml which is 0.00006% of 

the MCG. The average incremental con~en

trat ion of tritium measured at all 

locations in the Great Miami River during 

1984 was 0.04 x 10-6 ~Ci/ml which is 

0.004% of the RCG. 

Radionuclide effluent data fer 1984 are 

summarized in Table 4. 

The average incremental concentrations of 

plutonium-238 found during 1984 in sur

facP and area drinking water were also a 

11 

Table 4 - EFFLUENT DATA FOR 1984 

Radionuclide Medium Quantity 

Tritium air 3430 Ci 
Tritium water 8.47 Ci 
Plutonium-238 air 0.0065 mCi 
Plutonium-238 water 1. 34 mCi 
Uranium-233,234 water 0.47 mCi 

fraction of the DOE RCG (less than 

0.00002%). In addition, the average 

incremental concentration of tritium in 

surface water was a fraction of the DOE 

RCG (less than 0.02%). The average con

centrations in area and municipal drink

ing water were also a fraction of the EPA 

standard (less than 31% and less than 2%, 

respectively). 

Although there are no specific standards 

(RCG) for plutonium-238 and tritium in 

foodstuffs, the concentrations found, if 

judged by the water standard, are also a 

small fraction of the RCG. Sediment was 

sampled at several offsite water sampling 

locations. No adverse impact to the 

environment could be determined from the 

radionuclide levels found in these sedi

ments. 

The dose commitment estimates indicate 

that, in all cases, the levels are at or 

within 0.2% of the DOE standard. The 

person-rem calculated to 80 km for the 

total population as a result of Mound 

operations during 1984 was 8 person-rem. 

Natural radiation would result in ap

proximately 470,000 person-rem for the 

area. 

A Nationa 1 Pollutant 

tion System (NPDES) 

Discharge Elimina

permit regulates 

----------------------Summary 
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nonradioactive pollutants 

effluent water. The NPDES 

in Mound's 

permit re-

quires this effluent to be characterized 

hy .:malyzing samples collected at four 

onsi te locations. Less than 4% of the 

1468 NPDES measurements exceeded maximum 

permit limitations. 

None of these exceptions, hcwever, had an 

adverse impact on the Great Miami River 

or caused the river to exceed Ohio Stream 

Standards. 

The data contained in this summary demon

strate the status of compliance with 

various current regulatory agency stan

dards and demonstrate Mound's emphasis 

on the as-low-as-reasonably-achievable 

(ALARA) concept. 

Summary------------------------------------------------------
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• 

• 



• 

• 

• 

Environmental Surveillance 
Quality Assurance 
A very essential part of Mound's Quality 

Assurance Program is the analysis of 

reference samples from reliable outside 

laboratories. During 1984, Mound ana

lyzed refer~nce samples from DOE's Envi

ronmental Measurements Laboratory (EML) ; 

from the U. S. Environmental Protection 

Agency (EPA); and from a private 

laboratory, Analytical Products Group, 

Inc. (APG). The EML samples contained 

trace radionuclides in air filter, water, 

soil, tissue, and ve~etation samples. 

The EPA and APG samples contained 

nonradioactive contaminants in water. 

Concentrations of plutonium, uranium, and 

kritiu~ in two sets of EML samples 

analyzed in 1984 are given in Table 5. 

Agre~'>ment hetween the Mound values and 

the EML reference values is better than 

20% in all but one measured parameter, 

plutonium-239 in water, sample No. 8311. 

For this water sample, the ratio of the 

Mound plutonium-239 concentration value 

to the mean of values ·from all the labo

ratories participating in the program was 

0.84, which is in the acceptable range. 

In Table 6 the Mound results in the 1984 

EPA Quality Assurance Program for the 

determination of nonradioactive parame

ters in water are compared to the EPA 

"true· values." All nine of the measured 

parameters were within the acceptance 

limits established by the EPA. A second 

part of Mound's Quality Assurance Program 

involved the analysis of reference 

samp.l es prepared by APG. Analysis of 

these samples is part of a Monsanto Com

pa~y quelity control program. Mound 

analyzed two sets of APG samples in 1984, 

and these results are summarized in 

Table 7. rr. the APG reports, the dif-

ference between the Mound value and the 

13 

reference value is expressed in the 

number of standard deviations of the 

Mound value from the mean value. When 

this number of standard deviations from 

the mean exceeds two, this generally 

indicates a problem in the measurement. 

Of the 10 parameters measured in the APG· 

samples, Mound's results varied from 0.1 

to 1.9 standard deviations from the mean 

of all the participating laboratories; no 

values exceeded two standard deviations 

from the mean. 

Another essential part of Mound's Quality 

Assurance Program is the determination of 

"blank value.• A "blank value" is a 

measurement for a contaminan·t determined 

by following through the chemical analy

sis procedure without a true sample, but 

rather using deionized water, a clean 

filter paper, or only the reagents used 

in the analysis. Analysis of blanks is 

essent~al because many of the samples 

analyzed contain contaminant concentra

tion at or below the lower detection 

limit of the analytical method being 

used. Analyzing blanks is essential in 

verifying the absence of excessive 

laboratory contamination or detector 

background. Also, the standard deviation 

of the blank ~alues is used to c~lculate 

lower detection limits, which are given 

with each set of environmental data. 

Other aspects of Mound's Environmental 

Section quality control program have been 

documented in a quality control manual 

[ 4] • 

In summary, the agreement between Mound 

measured concentrations and reference 

values of EML, the EPA, or APG, along 

with a formal quality control program, 

indicates good reliability of the data 

generated in the routine environmental 

monitoring program. 

--------------------Duality Assurance 
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..---- Table 5 - MOuND'S DOE QUALITY ASSESSMENT 
PROGRAM RESULTS FOR 1984 

Sample Sample Isotope Concentration, ECi/(g: or ml)a 
Concentration Ratio 

TyEe No. Determined Mound EMLb Mound to EML 

Air Filter 8311 Pu-239 l. 69 ± 0.05c 2.12 ± O.l5d 0.80 ± 0.07e 

Water 8311 H-3 67.1 ± 0.7 69.4 ± 6.2 0.97 ± 0.09 

Pu-239 0.0102 ± 0.0001 0.0150 ± 0.0020 0.68 ± 0.009f 

U-234 0.0064 ± 0.0001 0.0061 ± 0.0002 1. 04 ± 0.04 
U-238 0.0065 ± 0.0002 0.0060 :!- 0.0002 1. 08 !. 0.04 

Water 8405 Pu-239 0.0247 ± 0.0006 0.030 ± 0.002 0.82 ~- 0.06 

U-234 0.0210 ± 0.0004 0.022 ± 0.001 0.95 ± 0.05 
U-238 0.0211 ± 0.0004 0.023 ± 0.001 0.92 ± 0.04 

Soil 9 8311 Pu-238 0.038 ± 0.007 0.040 ± 0.006 0.95 ± 0.24 
Pu-239 0.012 ± 0.004 0.011 ± 0.002 1.10 ± 0.50 

U-234 0.66 ± 0.04 0.74 ± 0.12 0.89 ± 0.16 
U-238 0.65 ± 0.03 0.81 ± 0.18 0.80 ± 0.19 

Soil9 8405 Pu-238 0.053 ± 0.010 0.054 ± 0.001 0.98 ± 0.18 
Pu-239 3.03 ± 0.08 3.13 ± 0.13 0.97 ± 0.05 

U-234 0.98 ± 0.08 0.83 ± 0.05 1.18 ± 0.14 
U-238 0.97 ± 0.06 0.83 ± 0.05 1.17 ± 0.10 

'l'issue 8311 Pu-238 0.071 ± O.Oll 0.074 ± 0.007 0.96 ± 0.19 
Pu-239 0.017 ± 0.002 0.019 ± 0.004 0.89 ± 0.22 

Vegetation 8311 Pu-238 0.064 ± 0.013 0.065 ± 0.006 0.98 ± 0.23 
Pu-239 0.015 ± 0.002 0.016 ± 0.002 0.94 ± 0.17 

Vegetation 8405 Pu-239 0.059 ± 0.06 0.068 ± 0.05 0.87 ± 0.11 

aunits are pCi/filter for air samples, pCi/ml for water, and pCi/g for soil, tissue 
and vegetation samples. 

bEnvironmental Measurements Laboratory. 

cMound's errors are two sigma errors based on counting statistics or replicate 
analyses. 

dEHL's errors are "standard errors of the mean." 

e · · 1 ed (S 2 + S 2 ) ~.i h d The error in the rat~o ~s ca culat as M E w ere SM an SE are the 
Mound and EML relative errors. 

fThe ratio of Mound's Pu-239 concentration in water to the mean of all the · 
laboratories participating in the program was 0.84. 

9soil concentrations given for Mound are the average of two values determined 
independently. 

1_----------------------------------~------------------------------------

Quality Assurance -------------------
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Table 6 - MOUND'S 1984 EPA QUALITY ASSURANCE PROGRAM RESULTS--------, 
FOR THE DETERMINATION OF NON-RADIOACTIVE PARAMETERS IN WATER 

Parameter 
Measured 

Cadmium 

Chromium 

Copper 

Nickel 

pH 

Total Suspended 
Solids 

Oil and Grease 

Chemical Oxygen 
Demand 

5-Day Bioche~aical 
Oxygen Demand 

Mound 
Value a 

450 1-19/1 

133 lJg/1 

260 lJg/1 

354 llg/1 

7.67 

38.5 mg/1 

15.6 mg/1. 

43 mg/1 

35.3 mg/1 

aErrors in Mound's values are 10% or less. 

True EPA Acceptance 
Value Limitsb 

474 IJg/1 361-541 IJg/! 

124 IJg/1 87-156 IJg/l 

260 IJg/1 222-296 IJg/l 

372 lJg/:1 306-434 lJg/l 

7.70 7.51-7.87 

39.9 mg/l 32.2 -42.5 mg/1 

15.0 mg/1 3.69-33.5 mg/1 

47 mg/1 31.0 -59.0 mg/1 

31.1 mg/1 18.3 -42.9 mg/1 

bAny measured concentration falling in this range is considered 
acceptable by the EPA • 

,------- Table 7 - SUMMARY OF MOlJND' S PERFORMANCE IN THE ANALYTICAL 
PRODUCTS GROUP PROFICIENCY TESTING PROGRAM FOR 1984 

Parameter 
Heasured in Water 

Biochemical Oxygen 
Demand 

Chemical Oxygen 
D.emand 

Oil and Grease 

pH 

Cyanide 

Residual Chlorine 

Cadmium 

Chromium 

Copper 

Parameter Range 
Measured 

17-266 mg/1 

28-429 mg/1 

16- 25 mg/1 

4.10-9 0 72 

3 mg/1 

0.33-2.95 mg/l 

20-230 J.tg/1 

30-260 IJg/1 

50-196 llg/1 

35-230 llg/1 

Range of Observed 
Number of Standard 

Deviations from the Mean 

0.6 - 1.5 

0.3- 0.7 

0.1 - 0.2 

0.1 - 0.7 

1.4 

0.3 - 0.4 

0.2 - 1.9 

.0.4 - 1.7 

0.1 - 0.6 

0.2 - 1.2 

15 

Quality Assurance 
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Air - Radioactive 
In 1984, the offsite air-sampling network 

consisted of 15 continuously operating 

air-sampling stations used for sampling 

both tritium oxide and plutonium. Ten 

sampling stations are located within a 

1.6 km (1 mil radius of Mound, and four 

s<~mplers a.re located in or -near popula-

tion centers. The remaining 

( # 119 l is approximately 44. 8 km 

sampler 

(28 mil 

from Mound in the least prevailing wind 

direction. This sampler receives no 

measurabl~ contribution from Mound opera

tions and serves as a baseline sample for 

computing environmental levels. 

The levels from sampler #119 are sub

tractec from levels detected at other 

locutions. The samplers currently in 

operation are located at critical dis

ta.nces and uirections, based on a dif

fusio!"! model developed for Mound [17]. 

The locations of the 

are shown in Figure 1. 

sampling stations 

Two type~ of samples are collected at 

each sampling station. One is a particu

late air sample for plutonium-238 analy

sis, and the other, from a bubbler-type 

sampler, is for tritium oxide analysis. 

The particulate sample is collected on a 

200-mm diameter Microsorban disk by a 

continucusly operating 124 hr/day, 7 days/ 

week) high-volume air sampler. The air 

is sampled at an average rate of 1.3 x -

10 6 cml/mi~ (~45 ft 3 /min). The Micro

sorban disk is changed weekly and repre

sents a sample of approximately 13,000 m3 

of air. Plutonium-238 analyses were 

performed on a monthly composite for 

three sampling locations, #122, #123, and 

.#124, and on quarterly composites for the 

other offsite locations. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: • 

use of an internal tracer, chemical 

treatment, separation of plutonium with 

anion exchange resin, and alpha spec

trometry. 

The average incremental offsite plutoni

um-238 air concentration_ for all loca

tions was 0.48 x l0- 17 ~Ci/ml which is 

0.02% of the DOE RCG. The RCG used for 

comparison is the guide for the soluble 

form of the isotope and for the general 

population. This is the most restrictive 

RCG for plutonium-238 and is applied 

since the solubility of the measured 

particles in the human body is unknown. 

The analytical results are summarized in 

Table B. 

Table 9 shows concentrations of plutoni

um-239, 240, and plutonium-238, including 

environmental levels. The ratio of pluto

nium-238 to plutonium-239 had been used 

in the past as a qualitative indicator of 

variations in environmental observations. 

The concentrations of both plutonium-238 

and 239 from atmospheric fallout have 

been decreasing over the years. In fact, 

the concentration of plutonium-238 from 

fallout is below the detection limit of 

the analyses and at this point the ratio 

becomes meaningless. The data in Table 9 

are provided for the sake of complete

ness. Quantitative comparison~ are best 

made with the DOE standard; i.e., percent 

of standard as shown in Table B. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at 

approximately 3 x 103 cml/min through 

200 ml of ethylene glycol. Ethylene 

glycol is used because this material 

• 

• 
Air- Radioactive---------------------



• 

• 

• 

17 

Table 8 - INCREMEN~L CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1984 

Number Range d Averagea,c,d,e 
of Percent 

Location Santples (lo-17 1-1Ci/ml) (10-l7 lJCi/ml) of RCGb 

101 4 0.12 0.5 0.29 ± 0.27 0.01 

102 4 0.12 3.61 1.12 ± 2.66 0.06 

103 3 0.27 0.62 0.46 ± 0.45 0.02 

104 4 0.07 0.44 0.23 ± 0.25 0.01 

105 4 0.008 - 0.15 o.oa ± 0.11 0.004 

108 4 0.01 0.22 0.07 ± 0.17 0.004 

110 3 E.L. 0.07 0.02 ± 0.11 0.001 

111 4 0.001 - 0.04 0.02 ± 0.06 0.001 

112 4 E.L. 0.05 0.02 ± 0.06 0.001 

115 4 E.L. 0.07 0.03 ± 0.08 0.002 

118 4 0.11 - 1.37 0.5 ± 0.95 0.03 

122 12 E.L. 0.69 0.21 ±"0.12 0.01 

123 12 0.15 4.9 1.5 ± 0.86 0.08 

124 12 0.17 12.69 2.2 ± 2.2 0.11 

aLower Detection Limit (LDL) for 238 Pu in air for quarterly 
samples is 0. 03· x lQ-17 lJCi/ml. This is 0.0015% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 2000 x lo-17 1-1Ci/ml 
for the soluble form of 238pu for the general population. 

cError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

eLower Detection Limit (LDL) for 238Pu in air for monthly 
samples is 0.1 x lo-17 lJCi/ml. This is 0.005% of the RCG. L ______________________________________________ ~ 

elimin~tes evaporation and freezing prob

lems associated with sample collection 

[5). Tritium (oxide) in the air is 

collected in the solution. Tritium oxide 

rather than elemental tritium is sampled 

and analyzed because 60 · to 70% of the 

tritium emission is in the oxide form, 

and the RCG for the oxide is 200 times 

more restrictive than it is for elemental 

tritium 

"-30 m3 

aliquot 

[6). A 

of air · is 

representing 

r 

sample representing 

collected, and an 

0 • 15 m 3 is counted 

in a liquid scintillation spectrometer. 

The average incremental concentration of 

tritium oxide measured durin·g 1984 for 

all offsite locations, not including the 

environmental level found at sampler 
-11 

#119, was 0.81 x 10 ~Ci/ml. This con-

centration is 0.01% of the ·RCG. The RCG 

used for comparison is the most rPstric

tive RCG for tritium for the general 

population. 

in Table 10. 

plutonium-238 

The results are summarized 

Environmental levels for 

and tritium in air as 

--------------------.Air . Radioactive 
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Table 9 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL -----, 
LF.VELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 19B4 

Number 
of 

Location Samples 

101 

102 

103 

104 

105 

108 

llO 
lll 
l12 

l15 

l18 

l19 

122 

123 

124 

4 

4 

3 

4 

4 

4 

3 

4 

4 

4 

4 

4 

12 

12 

12 

Range 

(lo- 17 llCi/ml) 

0.03 - 0.1 

0.04 - 0.07 

0.04 - 0.07 

0.01 - 0.09 

0.02 - 0.05 

0.02 - 0.07 

0.01 - 0.05 

0.02 - 0.09 

0.02 - 0.07 

0.02 - 0.07 

0.02 - 0.08 

0.01 - 0.06 

0.02 - 0.08 

0.03 - 0.13 

0.02 - 0.21 

Averagea,b 

(lo-17 J.JCi/m1) 

0.06 ± 0.05 

0.06 ± 0.02 

0.05 ± 0.04 

0. 04 ± 0. 06 

0.03 ± 0.02 

0.05 ± 0.04 

0.03 ± 0.05 

0.05 ± 0.05 

0.04 ± 0.04 

0.04 ± 0.03 

0.05 ± 0.04 

0.04 ± 0.03 

0.05 ± 0.01 

0.07 ± 0.02 

0.06 ± 0.03 

a b Average ' 

(10- 17 l1Ci/m1) 

0.29 

1.12 

0.46 

0.23 

0.08 

0.07 

0.02 

0.02 

0.02 

0.03 

0.5 

± 0.27 

± 2.66 

± 0.45 

± 0.25 

± 0.1 

± 0.16 

± 0.1 

± 0.03 

± 0.03 

± 0.06 

± 0. 9 5 

0.0002 ± 0.05 

± 0.11 

± 0.86 

0.21 

1.5 

2.2 ± 2.2 

a t' L' . (LD ) f 239,240 . . f 1 1 Lower Detec ~on ~m~t L or Pu ~n a~r or samp ers 10 
through 119 is 0.02 x 10~17 llCi/ml, and the LDL for samplers 122 
through 124 is 0.02 x 10-17 l1Ci/m1. The LDL for 238pu is 0.03 x 
l0-17 ).JCi/ml for samplers 101 through 119 and 0.1 x lo-17 ).JCi/ml 
for samplers 122 through 124 

bError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

measured at sampler #119 are shown in 

Table 3. 

An onsite perimeter network consisting of 

five continuous, high-volume air samplers 

is used to further assess the effective

ness of stRck emission control systems. 

The onsi te sampling locations are shown 

in Figure 4. Particulate samples and 

tritium samples are collected by the 

onsite samplers at approximately the same 

flow rate as the offsite samplers and are 

analyzed in the same manner. 

The average incremental p1utonium-238 

concentration measured for all locations 

onsite is 4.26 x l0- 17 J.JCi/ml, which is 

0. 06% of the RCG. The results are sum

marized in Table 11. Table 12 presents 

onsite concentrations of plutonium-239, 

240, and plutonium-238, including en

vironmental levels, for the sake of 

completeness. The quantity of plutonium-

238 discharged to the atmosphere during 

1984 was 0.0065 mCi. 

Air- Radioactive--------------------

• 

• 
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Table 10 - INCREMENTAL CONCENTRATIONS OF TRITIUM 
OXIDE IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1984 

Tritium Oxide 
Number Ranged Averagea,c,d 

of 
Location samples (10-11 ~Ci/ml) (10-11 1.1Ci/ml) 

101 53 E.L. - 11.7 1.88 ± 0.66 

102 51 E.L. - 6.99 1.12 ± 0.53 

103 53 E.L. 3.96 1.15 ± 0.55 

104 52 E.L. - 8.43 0.87 ± 0.55 

105 53 E.L. - 3.84 0.5 ± 0.39 

108 50 E.L. - 3.18 0.26 ± 0.38 

110 34 E.L. - 2.88 0.09 ± 0.34 

111 48 E.L. - 1.89 E.L. 

112 51 E.L. - 4.45 0.11 ± 0.4 

115 53 E.L. - 2.12 E.L. 

118 52 E. L. - 3.68 0.19 ± 0.37 

122 51 E.L. - 5.81 1.44 ± 0.54 

123 51 E.L. - 9.2 1.58 ± 0.65 

124 52 E.L. - 13.7 1.61 ± 0.67 

aLower Detection Limit (LDL) for tritium oxide in air is 0,7 X 
~Ci/ml which is o. 01% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 X 10-ll ~Ci/ml 
for the general population and for soluble form of tritium. 

Percent 

of RCGb 

0.03 

0.02 

0.02 

0.01 

0.007 

0.004 

0.001 

0.002 

0.003 

0.02 

0.02 

0.02 

10-ll 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

19 

The average incremental onsite tritium 

oxide concentration for all locations was 

2.39 x 10- 11 11Ci/ml, which is 0.01% of 

the RCG. The results are summarized in 

discharged to the atmosphere durinq 1984 

was 3430 Ci. The RCGs used for onsi te 

comparison are those applicable for 

exposed individuals in the population. 

Table 13 . The quantity of tritium 

-------------------,Air - Radioactive 
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Location 

211 

212 

213 

214 

215 

Table 11 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1984 

Number Range d Averagea,c,d 
of 

SamEles (10-17 \.ICi/ml) (10-17 \.ICi/ml) 

12 0.92 - 9.97 4.19 ± 1. 74 

12 0.18 - 7.48 1. 71 ±" 1.41 

12 1.83 - 27.0 12.6 ± 5.39 

12 0.05 - 6.38 2.32 ± 1.36 

12 E.L. - 1.4 0.5 ± 0.29 

aLower Detection Limit (LDL) for 238Pu in air is 0.1 x l0-17 

\.ICi/ml which is 0.001% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 x lo- 17 \.ICi/ml 
for the soluble form of plutonium-238 for individuals in the 
population. 

Percent 

of RCGb 

0.06 

0.02 

0.18 

0.03 

0.007 

cError limits are estimates .of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data • 

Table 12 - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENTAL ~ 
LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN 1984 

239,240Pu 238Pu 

Number 
of 

SamEles 

Range 

(lo-17 \.ICi/ml) 

a b Average ' 
a b Average ' 

Location (10-17 \.ICi/ml) (lo-17 \.ICi/ml) 

211 

212 

213 

214 

215 

12 

12 

12 

12 

12 

N.D.c - 0.21 

0.01 - 0.19 

0.03 - 0'. 21 

0.02 - 0.21 

0.01 - 0.16 

0.1 ± 0.03 4.19 

0.06 ± 0.03 1.71 

0.11 ± 0.04 12.6 

0.07 ± 0.04 2.32 

0.06 ± 0.03 0.5 

aLower Detection Limit (LDL) for 
23 ~3~40Pu in air is 

0.02 x lo-17 \.ICi/ml. The LDL for Pu is 0.1 x lo-17 
\.ICi/ml. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

± 

± 

± 

± 

± 

cNot detectable. (Values cannot be detected above reagent 
blanks.) 

1. 74 

1.41 

5.39 

1. 36 

0.29 

I. 
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Table 13 - INCREMEN~AL CONCENTRATION OF TRITIUM --------------~ 
OXIDE IN AIR AT ONSITE SAMPLillG LOCATIONS IN 1984 

Tritium Oxide 
Number Range d Averagea,c,d Percent of 

Location SamEles (lO-ll \.lCi/ml) (lO-ll ].JCi/ml) of RCGb 

211 49 E.L. - 16.0 2.21 ±. 0.81 0.01 

212 50 E.L. - 6.79 2.11 ± 0.53 0.01 

213 49 E.L. - 14.2 2.83 ± o. 72 0.01 

214 53 E.L. - 17.3 2.67 ± 1.0 0.01 

215 51 E.L. - 18.3 2.15 ± 0.97 0.01 

aLower Detection Li~it (LDL) for tritium oxide in air is 0.7 x lo- 11 

~Ci/ml which is 0.003% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 20,000 x 10-ll l.lCi/ml 
for individuals in.the population and soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means ·at the 95% confidence level.. 

dAverage environmental level (E.L.) subtracted from data. 

Air- Radioactive--------------------
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Air - Nonradioactive 
The primary source of non~adioactive air

horne emissions is the Mound steam power 

plant~ This plant is normally fueled 

with natural gas, but can burn fuel oil. 

During unusually cold weather, if the 

natural gas supply to Mound is inter

rupted, fuel oil with <1% sulfur content 

is hurned. Approximately 53,000 gal of 

fuel 0il was burned during 1984. 

Additional sources of airborne emissions 

are as follows. A waterwash, paint spray 

booth is operatPd intermittently in the 

Mound paint shop. Wastes from operations 

involving explosives are disposed of by 

open burning under a permit issued by the 

Reqional Air Pollution Control Agency 

~RAPCA) . Fire-fighter training exercises 

are held at an open outdoor facility 

und0-r a burning permit issued by RAPCA. 

Emissions from sources and the applicable 

emission standards are summarized in 

23 

Table 14. The emissions wP.re estimated 

from emission factors established by the 

U.S. EPA [7]. Nonradioactive airborne 

emissions at Mound were 

cable standards and had 

ambient air quality. 

all within appli

minimal impact on 

This is further 

demonstrated by the particulate concen

tration data summarized in Tables 15 and 

16. 

The data presented are weekly particulate 

concentrations measured at Mound's off-

site and onsite 

(Figures 1 and 4) • 

air-sampling sites 

The particulate con-

cent ration at onsite locations is 

generally within the range of the offsite 

locations. The particulate concentration 

also appears to be independent of dis

tance from Mound. This would suggest. no 

influence from Mound operations. For 

comparison, the State of Ohio - Ambient 

Quality Standard for airborne particu

lates is also given in Table 15 . 

Table 14 - NONRADIOACTIVE AIRBORNE ElUSSIONS 1984 ------, 

Emission Emission 
Source Pollutant Emission Standard a 

Powerhouse Particulates 0.013 lb/10 6 Btu 0.2 lb/106 Btu 
Input 

Powerhouse Sulfur Oxides 0.005 lb/10 6 Btu 1.6 lb/10 6 Btu 
Input 

Paint Shop Organics 0.5 lb/day 40 lb/day 

Explosives Particulates 8.2 lb NA 
Burning 

Fire Fighter Particulates 35 lb NA 
Tra~ning 

aOhio EPA Air Pollution Regulations 3745-17-01 through 3745-17-13 
and 3745-21-0 through 3745-21-08. 

NA - not applicable • 

% of 
Standard 

6.5 

0.3 

1.3 

NA 

NA 

------------------- Air . Nonradioactive 
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Table 15 - 1984 WEEKLY PARTICULATE 
CONCENTRATION DATA OFFSITEa 

Annual 

Number Arithmetic 

of Range Average 

Location Samples ().lg/m3) ().lg/m3lb 

101 51 30 - 142 

102 53 9 - 64 

103 52 15 - 95 

104 51 12 - 105 

105 53 17 - 65 

108 53 30 - 95 

110 38 15 - 62 

111 47 5 - 88 

112 51 1 - 63 

115 53 3 - 82 

118 52 18 - 82 

119 52 15 - 64 

122 52 13 66 

123 52 1 - 77 

124 52 0.4 - 74 

aOhio Ambient Air Quality Standard = 60 ug/m3 
(annual geometric mean). 

bError limits are estimates of the standard error 
of the estimated means at the 95% confifence level. 

These data are obtained by the Mound air monitoring 
program and are indicative only of the particulate 
air loading of the Dayton metropolitan area. Mound 
particulate discharges presented in Table 14 make a 
negligible contribution to the surrounding area. In 
addition, Table 16 presents onsite particulate data. 

54 ± 6 

38 ± 3 

34 ± 4 

40 ± 4 

33 ± 3 

53 ± 4 

34 ± 3 

43 ± 4 

38 ± 4 

38 ± 4 

40 ± 3 

30 ± 3 

28 ± 3 

39 ± 4 

38 ± 4 

Table 16 - 1984 WEEKLY PARTICULATE CONCENTRA'l'ION DATA ONSITE 

Annual 

Number Arithmetic 

of Range Averag.e 

Location sameles (J.Jg/m3) 3 a 
( J..l~/m ) 

211 53 18 - 163 54 ± 8 

212 50 13- 74 39 ± 4 

213 53 22 - 295 84 ± 14 

214 53 11- 129 36 ± 5 

215 53 14 - 52 32 ± 2 

aError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

Air - Nonradioactive -------------------
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Water - Radioactive 
Water sampling locations along the banks 

of the Great Miami River were selected 

according to guidelines recommended by 

the u. s. EPA [8). The locations, shown 

in Figure 5, provide samples that are 

representative of river water after 

considerable mixing of the effluent from 

~ound has occurred. Water samples are 

normally collected and filtered in the 

field at these locations five days per 

week, and are subjected to specific 

nnalyses for plutonium-238 and tritium. 

Large-volUlT'P. water samples are analyzed 

by compositing daily samples for a quar

terly analy~is. The average incremental 

concentration of plut.onium-238 measured 

for all lor.ations in the Great Miami 

River was 1. 1 x lo- 12 11Ci/ml which is 

0.00006% of the RCG for the general popu-. 

lation 1 the most restrictive standard for 

plutonium-238 . These results are sum-

mari~ed in Table 17. 

Weekly samples are analyzed for tritium. 

The averaqP incremental concentration of 

tritium measured at all locations in the 

Great Miami River was 0.04 x 10-6 11Ci/ml 

which is 0.004% of the RCG for the 

general population. These results are 

summarized in Table 18. 

Uranium-233, 234 1 and 238 were also moni-

to red at the river water sampling 

locc.tions during 1984. The average 

incremental concentrations of uranium-

2331 -234 were o. 72 x lo- 10 11Ci/ml which 

is 0.0007% of the RCG. The average 

incremental concentration for uranium-238 

was 0.22 x lo- 10 11Ci/ml, which is 0.01% 

of the RCG. In addition, as shown in 

Table 19 1 the ratio of uranium-233, -234 

to uranium-238 .is slightly greater than 

unity 1 which is in range of background 
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ratios reported [9]. This is expected as 

a result of secular equilibrium • 

The total amounts of plutonium-238 1 tri

tium, and uranium-233, -234 discharged to 

the Great Miami River during 1984 were 

1.34 mCi, 8.47 Ci 1 and 0.47 mCi 1 respec

tively. The average concentrations of 

these materials in the discharge system 

were 1.17 x 10- 9 11Ci/ml, 7.38 x 10-6 uCi/ 

ml1 and 4.11 x 10-lO 11Ci/ml, respectively. 

These concentrations were 0. 02%, 0. 25% 1 
and 0.01% of the most restrictive RCG for 

individuals in the population. 

Seven additional surface water locations, 

such as ponds, in all quadrants surroun~

ing Mound as shown in Figure 6 are 

sampled quarterly for plutonium and 

tritium analyses. The samples used for 

plutonium-238 determinations ~re also 

large volume water samples. The large 

volume of sample increases the sensi

tivity of the analysis for plutonium. A 

smaller aliquot (10 ml) is taken which is 

adequate for the tritium analysis. The 

average concentrations of plutonium-238 

and tritium for all locations were 

0.33 x l0-12 11Ci/ml and 0.11 x 10- 6 uCi/ 

ml, respectively, which are 0.00002% nnd 

0.01% of the respective RCG for the 

general population. The results of the 

surface water samples are summarized in 

Tables 20 and 21. Environment.al levels 

(Table 3) have been subtracted from the 

concentration of plutonium and tritium in 

water. 

Drinking water from communi ties in the 

surrounding area is sampled and analyzed 

quarterly for tritium. These communities 

and their relative. locations are shown in 

Figure 1. The average concentration of 

tritium for all locations was 0.3 x 

10-6 I!Ci/ml which is 2% of the standard 

Water - Radioactive 
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Location 

1 

2 

3 

4 

5 

Table 17 - INCREMENTAL CONCENTRATION OF 
PLUTONIUM-238 IN THE GREAT MIAMI RIVER IN 1984 

Plutonium-238 
Number Range d Averageb,d,e 

of 
SamEles 

a (10-l2 )JCi/ml) (10-12 llCi/ml) 

4 E.L. - 5.5 1.6 ± 6.1 

4 E.L. - 2.7 1.1 ± 4.9 

4 E.L. - 1.7 0.7 ± 4.7 

4 E.L. - 3.5 1.2 ± 5.1 

4 E.L. - 1.7 0.7 ± 4.8 

Percent 
. of RCGc 

0.00008 

0.00006 

0.00004 

0.00006 

0.00004 

acomposite large volume water samples for each location from water 
collected during 1984. 

bLower Detection Limit (LDL) for 238 Pu in water is 0.2 x lo-12 

)JCi/ml which is 0.00001% of the RCG. 

cRadioactivity Concentration Guide (RCG) = 2,000,000 x lo-12 llCi/ml 
for the general population and the soluble form of plutonium-238. 

dAverage environmental level (E.L.) subtracted from data. 

eError limits are estimates of the standard error of the estimated 
means at the 95% confidence level • 

Location 

1 

2 

3 

4 

5 

Table 18 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN THE GREAT MIAMI RIVER IN 1984 

Tritium 
Number Ranged Averagea,c,d 

of 
SamEles (lo-·6 )JCi/ml)· (10- 6 IJCi/ml) 

33 E.L. - 0.65 E.L. 

35 E.L. - 0.25 0.01 ± 0.11 

34 E.L. - 0.69 0.05 ± 0.12 

35 E.L. - 0.79 0.08 ± 0.11 

34 E.L. - l. 84 0.07 ± 0.16 

aLower Detection Limit (LDL) for tritium in water is 0.2 x 10-6 

IJCi/ml which is 0.04% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared 

Percent 

of RCGb 

0.001 

_0.005 

0.008 

0.007 

to tritium cgncentration in water not used for drinking purposes 
= 1000 x 10- )JCi/ml for the general population and ·the soluble 
form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data • 
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Table 19 - INCREMENTAL COtlCENTRATION OF 233 •
234

u AllD 
238

u IN TilE GREAT MIAMI RIVEK IN 1984 

233,234u 

Number Range d Averagea,b,c,e 
of 

Location Sameles 
a (10-10 (:!Ci[ml) (10-10 (:!Ci/ml) 

1 4 1.2 - 2.6 1.7 ± 4.5 

2 4 E.L. - 1.0 0.1 ± 4.6 

3 3 E.L. - 1.2 E.L. 

4 4 E.L. - 1.1 0.7 ± 4. 4 

5 4 E.L. - 2.0 1.1 :!: 4.5 

acomposite large volume water samples for each location. 

Percent Rangee 

of RCGf (10-10 (:!Ci[ml) 

0.02 0.2 - 1.1 

0.001 E.L. 

E.L. - 0.9 

0.007 E.L. - 0.7 

0.01 E.L. - 0.7 

23Bu 

Averagea,b,c,e 

(10-10 ~JCi/ml) 

0.6 ± 3.2 

E.L. 

E.L. 

0.3 ± 3.2 

0.2 ± 3.3 

Percent 

of RCGg ----
0.03 

0.02 

0.01 

bLower Detection Limit (LDL) for 233 • 234 u and 238 u in water is 0.1 x 10-lO ~JCi/ml and 0.09 x 10- 10 ~Ci/ml. 

cError limits are estimates at the standard error of the estimated means at the 95% confidence level. 

dA ratio slightly greater than unity indicates naturally occurring uranium (11]. Does not have 
environmental levels subtracted. 

eAverage environmental level (E.L.) subtracted from data. 

fDOE Concentration Guide (RCG) for 233 • 234 u = 10,000 x lo-10 ~JCi/ml for the general population. 

gDOE Concentration Guide (RCG} for 238u = 2,000 x l0-10 ~JCi/ml for the general population . 

• • 

Ratiod 
233,234u/3Bu 

1.2 

1.2 

1.1 

1.1 

1.2 

• 



• 

• 
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Table 20 - INCREMENTAL CONCENTRATION OF --------------------
PLUTONIUM-238 IN SURFACE WATER IN 1984 

~umber 

of 
Location Sameles 

a 

11 4 

l2 4 

13 4 

1-< 4 

15 4 

16 4 

17 4 

Plutonium-238 
Ranged,e Averageb,d,c,e 

(lo-12 ~Ci/ml) Clo- 12 uCi/ml) 

E.L. - 6.5 0.8 ! 6.3 

E.L. E.L. 

E.L. - 1.7 E.L. 

E.L. E.L. 

E.L. - 8.1 1.5 ! 7.2 

E.L. E.L. 

E.L. - 1.7 E.L. 

Percent 

of RCGc 

0.00004 

0.00008 

aComposite large volume water samples were used for each location. 

0Lower Detection Limit (LDL) for 238Pu in water is 0.2 x lo-12 uCi/ml 
which is O.OOG0l% of the RCG. 

•=R:~.dioactivity Concentration Guide (RCG) for 238Pu in water = 2,000,000 
x 10-12 uCi/m1 for the general population and soluble form of plutonium-238. 

_, 
~Error :i~its 3re estimates of the standard error of the estimated means at 
tte 95~ co~fidence level. 

eAverage er.~ironmental level (E.L.) subtracted from data • 

Location 

10 

11 

12 

13 

14 

:s 
16 

17 

Table 21 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN SvRFACE WATER IN 1984 

Tritium 
Number Range d Averagea,c,d 

of 
Sam~:1es (l0- 6 uCi/ml) (10- 6 uCi/ml) 

4 0.01 - 0.05 0.02 ± o.o8 

19 E.L. - 0.33 E.L. 

20 E.L. - 0.3 E.L. 

20 E.L. - 0.22 E.L. 

19 0.03 - 0.77 0.43 ± 0.15 

19 E.L. 1.54 0.21 ± 0.19 

14 E.L. - 0.07 E.L. 

19 0.05 - 0.51 o. 23 ± 0.11 

aLower Detection Limit (LDL) for tritium in water is 0.1 x 10- 6 

;•Ci/ml which is 0.01% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared to 
tritium concentration in water not used for drinking purposes = 
1000 x lo-6 uCi/ml for the general population and soluble form 
o: tritium. 

c~rror limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

i dAverage e:-~vironmental level (E.L.) subtracted from data • 

Percent 

of RCGb 

0.002 

0.04 

0.02 

0.02 

L------------------------------------------------------------------~ 
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adcpt~cl by the u. S. EPA in 1977 for 

community drinking water systems. Data 

from the ana lyses of community drinking 

water samples are summarized in Table 22. 

'l.'hr rl"'vironmental level in Table 3 for 

tri.ti"um in water is not subtracted from 

these data because the EPA standard 

assess~s total concentration including 

background. 

well locations was 6.02 x 10-fi uCi/~1 

which is 30% of the U. S. EPA Standard . 

These data are shown in Table 23. 

Three private wells and Miamisburg city 

water were sampled and analyzed quarterly 

for plutonium-238. These samples w~re 

also large-volume water samples. The 

average incremental plutonium-238 concen-

Drinking water from private wells are 

also analyzed for tritium. The average 

con~entration of tritium for all private 

tration for these locations was 

lo- 12 uCi/ml, which is 0.0001% 

RCG. These results are shown 

24. 

0.02 X 

of the 

in Table 

I 

I 

Locations 

Bellbrook 

Centerville 

Dayton 

Franklin 

Germantown 

Kettering 

Miamisburg 

Hiddletown 

Moraine 

Springboro 

Waynesville 

West Carrollton 

Table 22 - SUMMARY OF TRITIUM LEVELS IN 
COMMUNITY DRINKING WATER IN 1984 

Tritium 
Number Range d a c d 

of Average ' ' 

SamEles (lo- 6 11Ci/ml) (10- 6 
llCi/ml) 

7 0.16 - 0.33 0.3 ± 0.06 

7 0.28 - 0.41 0.3 ± 0.04 

7 0.04 - 0.36 0.2 ± 0.1 

7 0.27 - 0.51 0.3 ± 0.07 

7 0.06 - 0.31 0.1 ± 0.08 

7 0.11 - 0.5 0.2 ± 0.1 

7 0.97 - 1.3 1.1 ± 0.1 

7 0.07 - 0.34 0.2 ± 0.09 

7 0.17 - 0.33 0.2 ± o.os 
7 0.16 - 0.45 0.3 ± 0.08 

7 0.05 - 0.28 0.1 ± 0.07 

7 0.11 - 0.59 0.3 ± 0.2 

Percent 

Standardb 

1.5 

1.5 

1.0 

1.5 

0.5 

1.0 

5.5 

1.0 

1.0 

1.5 

0.5 

1.5 

aLower Detection Limit (LDL} for tritium oxide is 0.2 x 10- 6 llCi/ml which 
is 1.0% of the EPA Standard for community drinking water. 

bEPA Drinking Water Standard for tritium = 20 x 10-6 llCi/ml for community 
drinking water systems. 

cError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

dEnvironmental level is included in these data for comparison to the EPA 
Standard. 
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Table 23 - TRITIUM IN PRIVATE WELLS IN 1984 

Tritium 
Number 

of 
Rangee Averagea,b,d,e Percent 

Location SamEles (10- 6 
JJCi/ml) (10-6 

JJCi/ml) Standardc 

B-1 44 1.7 - 7.0 4.7 ± 0.4 

B-2 7 7.8 - 9.3 8.4 ± 0.5 

B-3 7 5.9 - 9.3 7.5 i 1.1 

J-1 7 2.3 - 4.8 3.5 ± 1.0 

B-H 44 3.7 - 8.4 6.0 ± 0.4 

aAll wells are now in compliance with the new EPA Standard of 
20 x lo-6 JJCi/ml. 

tLower Detection Limit (LDL) for tritium in water is 0.2 x 10-6 

JJCi/ml which is 1% of the EPA Standard. 

cEPA Standard for tritium in community drinking water systems 
= 20 x lo-6 JJCi/ml. Mound is using the EPA Standard as a guide 
for the private water supplies. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

eEnvironmental level is included in these data for comparison to the 
EPA Standard • 

24 

42 

38 

18 

30 
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Table 24 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN PRIVATE 
WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1984 

Number 
of 

Location SamElesa 

Miamisburg 4 

B-1 4 

B-2 3 

13-3 4 

J-1 4 

Plutonium-238 

Range e Averageb,d,e 

(lo:-12 ~Ci/m!J.. (10-12 ~Ci/ml) 

E.L. E.L. 

E.L. - 0.2 E.L. 

E.L. - 0.2 0.1 ± 1.5' 

E.L. - 0.5 E.L. 

E.L. - 0.2 E.L. 

Percent 

of RCGc 

0.000005 

acomposite large volume water samples were analyzed from each location 
from water collected during 1984. 

bLower Detection Limit (LDL) for 238Pu is 0.2 x l0- 12 ~Ci/ml which is 
0.00001% of the RCG. 

cApplicable DOE Radioactivity Concentration Guide (RCG) for 238Pu in 
water = 2,000,000 x lo-12 ~Ci/ml for the general population and soluble 
form of plutonium-238. 

dError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

eAverage environmental level (E.L.) sub-tracted from data. 
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Water· Nonradioactive 
M:'"r-~' discharged an average of 0. 82 mil

lion gallons of water per day in 1984 to 

the Great Miami River. Nonradioactive 

pollutants in this effluent water are 

regulated by n National Pollutant Dis

charge Elimination System (NPDES) permit. 

This permit, issued by Region V of the 

U. S. EPA, requires Mound· to characterize 

its r,ffluent water by analyzing samples 

collected e~t four onsite locations. 

A 24-hr comp0.~jte, flow proportionnl sam

ple 3nd a grab sample are collected from 

dischar9es 001-A, 001-B, and 002. Dis

charge 001-A contains the effluent from 

the sanitary sewage treatment plant. 

Discharge 001-B includes .storm water run

e>ff; sirg1e-pass cooling water, zeolite 

softener backwash, boiler-plant blowdown, 

and discharge =rom the radioactive waste 

disposal facility. Discharge 002 con

sist:, of single-pass cooling water, cool-

i.nrr +-nwPr blowdown, ?.eolite softener 

hackw.osh, C\nd most of the storm water 

runoff. 

(8-hr 

A tiiT'e 

composite) 

the e>ffluent from 

facility (discharge 

proportional sample 

is collected from 

the electroplating 

001-C). The water 

samples are analyzed for water quality 

parameters according to standard methods 

[ 11]. The results of effluent analyses 

for 19R4 are summarized in Table 25. 

T!"le EPA additionally requires Mound to 

monitor the flow from two wells which are 

periodically pumped as a part of the 

Potable Water Standards Project. Ap

proximate] y 90 million gn.llons were 

discharged from one of these wells, 

discharge 003, in 1984. No water was 

discharged from the other well, discharge 

004 . 
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In all, 1468 NPDES analyses were per

formed in 1984. From these measurements, 

an effluent parameter exceeded its maxi

mum discharge limit 58 times. Mound 

effluents additionally exceeded monthly 

average limits 23 times in 1984. 

Sixty-two of the above exceptions were 

for suspended solids in effluents OC'lB 

and 002. Soil erosion from storm runoff 

and construction was responsible for 

these exceptions. 

Cold weather caused n.n additional J~ 

NPDES exceptions: salting of roads for 

snow and ice removal· resulted in three 

dissolved solids exceptions. Nine excep

tions affecting suspended solids, bio

chemical oxygen demand, and fecal 

coliform occurred at the sewage treatment 

plant after temperatures dropped into the 

subzeros. The extreme cold stressed the 

bacteria in the activated sludge which 

rP.duced the p1ilnt's tr~01tment effic-i•'n,\·. 

Plant operations were responsible for the 

remaining seven exceptions: backflushing 

of water softeners caused two residual 

chlorine exceptions. The resin in these 

·softeners is rinsed with water containing 

a trace of chlorine to ensure bacterial 

disinfection of drinking water supplies. 

Three exceptions, one copper and two 

nickel, occurred at the electroplating 

lab. The total mass of nickel and 

cadmium discharged from the three exc-ep

tions was less than 150 g. Boiler 

blowdown caused one pH exception. One 

fecal 

the 

coliform exception 

chlorination system· 

resulted when 

injected an 

insufficient amount of chlorine into the 

sanitary treatment plant effluent. 

----------------- Water . Nonradioactive 
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Table 25 - NATIONAL POLLUTAN1' DISCIIAP.(;E EL!HINATION SYSTEM Dl\1'11 I'OR 1984 

R) 
~ 

z Number :;roes Permit Limits 

0 of 1\nnual 
b 

Nonthly 

= Parameter Units Samples Minimum Maximum Average !-taximum Average 
~ 

I» c. Dischar9e 001-A 

0 
l'low Ratea 0.02 

c c 
C» MGD Cont. 0.14 0.09 
n pH units 249 7.3 8.3 7.6 9.0 c 
C1 pH 
c: Biochem. o2 Demand mg/1 (kg/day) 110 1.8 (0. 7) 61 (21. 7) 6.2 (2. 4) 15 (14' 2) 10 (4 '9) 
R) 

Suspended Solids mg/1 (kg/day) 106 4.5 (l. 6) 83.8 (26. 7) 12.5 (4. 7) 30 ( 28' 4) 15 (7.4) 

l'ecal Coliform MPN/100 m1 101 9 24000 159 2000 1000 

Dischar9e 001-B 

l'low Rate MGD Cont. 0.02 0.25 0.08 c c 

pH pH units 102 7.6 9.4 8.4 9.0 c 

Susp. Solids (Oct-Marl mg/1 (kg,lday) 50 1.3 (0. 2) 177 (57) 17.8 ( 5. 5) 30 ( 11.4) 20 ( 7. 6) 

Susp. Solids (Apr-Sept) mg/1 (kg/day) 53 2.3 (0.4) 667 ( 14 2) 69.5 (20' 4) 50 ( lY l 20 ( 7' 6) 

Dissolved Solids mg/1 25 638 15800 7700 c c 

Grease and Oil mg/1 13 0.2 2.1 1.0 10 c 

Residual Chlorine mg/1 102 <0.02 0.5 <0.02 0.02 -c 

Chemical o2 Demand mg/1 12 14 140 32 -c c -
Dischar9e 001-C 

Cyanide mg/1 50 <0.04 0.07 <0.04 1 c 

Chromium mg/1 50 <0.05 0.35 <0.05 0.5 
c 

Cadmium mg/1 50 <o.o1 0.08 0.01 0.1 -c 

Nickel mg/1 50 <o.o5 9.80 0.31 0.5 c 

Copper mg/1 50 < 0.05 2.20 0.14 0.5 -c 

Dischar9e 002 

1'1ow Rate MGD Cont. 1. 48 0.65 
c c 

pH pH units 49 7.9 8.6 8.2 9.0 -c 

Suspended Solids mg/1 (kg/day) 107 5.0 (7. 2) 144 ( 363) 25.7 (67. 3) 30 (91) 15 (34) 

Dissolved Solids ~o:g/1 (kg/day) 25 510 (1400) 1890 (4010) 980 (2800)2000 (6065) 1500 13412) 

Grease and Oil mg/1 13 0.3 1.0 0.7 10 
c 

Residual Chlorine mg/1 101 <0.02 0.15 <o.o2 0.02 c 

a Includes flow"from 001-C. The maximum flow from 001-c is approxima tcly 2000 qul/day. 

bpH has a minimum li!!!i t of 6.5 and a maximum limit of 9.0. 

'"'No limit applicable . 

• • • 
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In summary, the number of maximum excep

tions represents <4% of the NPDES 

measurements in 1984. Soil erosion from 

storm runoff and construction caused 76% 

of the excPptions, maximum and average. 

The combined discharge from all of 

Mound's effluents containing storm runoff 

averaned 80 kg per day of suspended 

solids during 1984. This represents a 

sol ids erosion equivalent to about one 

pound per ~ere per day. 

According to data obtained from the U. S. 

Geological Survey, the flow rate of the 
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Great Miami River iri 1984 averaged 1680 

million gallons per day (MGD) with a 

minimum and maximum of 267 MGD and 11,400 

MGD, respectively. The magnitude of this 

river flow is significantly greater than 

Mound effluents. In addition, a review 

of the data in Table 25 shows that Mound 

effluents did not cause the Great Miami 

River to exceed Ohio Stream Standards, 

and these exceptions had no advrrse 

impact on the Great Miami River. 

----------------- Water · Nonradioactive 



36 

Foodstuffs and Vegetation- Radioactive. 
Various locally grown foodstuffs and 

vegetation samples are collected from the 

surrounding area. The intent of this 

portion of the Environmental Moni taring 

Program is to determine whether there is 

any significnnt uptake and concentration 

of radionucJides by plant or animal life. 

Samples were collected in Miamisburg, 

Centerville, and Bellbrook. Centerville 

and Bellbrook are in the prevailing wind 

direction from Mound at a distance of 

R km (5 mil and 16 km (10 mil, respec-

tively. Both communi ties are shown in 

Figure 1. Fish were collected in the 

Great Miami River. Mound's out falls a.re 

~hown as dotted lines in Figure 5. The 

plutonium-238 content of t·he foodstuff 

anrl vegetation samples is determined by 

ashing the samples, then proceeding with 

the same techniques used for plutonium-

238 analyses of air samples (see section 

on Air Radioactive). The tritium 

content of the foodstuff and vegetation 

samples is determined by distilling the 

water from the sample, then analyzing the 

distillate for tritium. The results of 

the foodstuff, vegetation, and fish 

analyses are summarized in Tables 26 and 

27. The concentration is given in terms 

of the sample weight (wet weight) before 

ashing or distilling. The samples of 

aquatic life analyzed included 0nly the 

edible, fleshy portions of fish. These 

analyses indicate no evidence of any 

significant uptake or concentration by 

plant or animal life of the radionuclides 

handled at Mound. Environmental levels 

for foodstuffs and vegetation have been 

subtracted. from the data (Table 3). 

Table 26 - INCREM£~TAL PLUTONIUM-238 IN 
FOODSTUFFS AND VEGETATION IN 1984 

Location 

Miamisburg 

Centerville 

Bellbrook 

Mound 
(outfall 

to river) 

Type 
of 

SamEle 

Grass 

Potatoes 

Grass 

Potatoes 

Grass 

Potatoes 

Fish 

Number 
of 

SamEles 

8 

4 

8 

4 

8 

4 

8 

Plutonium- 2 3 8 

Range a Averagea,b,c 

(10- 6 ]lCi/9:) (10- 6 
J1Ci/9:J 

E.L. - 0.0008 0.00006 ± 0.0005 

E.L. E.L. 

E.L. - 0.0004 0.00006 ± 0.0003 

E.L. E.L. 

E.L. - 0.00004 E.L. 

E.L. E.L. 

E.L. - 0.0004 0.00003 ± 0.0002 

aAverage environmental level (E.L.) subtracted from data. 

bError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

CLower Detection Limit 
0.0002 X lo-6

6
]1Ci/g. 

0.00008 X 10- ]lCi/g. 
0.0002 X lo-6 ]lCi/g. 

(LDL) for plutonium-238 in grass samples is 
LDL for plutonium-238 in potato samples is 

LDL for plutonium-238 in fish samples is 

Foodstuffs and Vegetation - Radioactive----------
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Table 27 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN VEGETATION IN 1984 

Tritium 
Type Number Range c Averagea,b,c,d 
of of 

Location SamEle SamEles (lo-6 
uCi/~I) 

Miamisbur-g Grass 8 0.03 - 0.45 

Tomatoes 4 0.08 - 0.27 

Centerville Grass 8 0.01 - 0.32 
Tomatoes 4 E.L. - 0.17 

Bellbrook Grass 8 E.L. - 0.12 

Tomatoes 4 E.L. 

aLDL for tritium in grass is 0.06 x 10-6 uCi/g. 

bLDL for tritium in tomatoes is 0.09 x 10-6 uGi/g. 

cAverage environmental level (E.L.) subtracted from data. 

(10- 6 
uci/9:l 

0.23 :t 0.16 

0.15 :t 0. 23 

0.16 :t 0.12 

0.02 ± 0.24 

E.L. 

E.L. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level • 
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Silt - Radioactive The results of the silt samplE> ar.a lyses 

are found in Tables 28 and 29. No 

adverse impact to the environment could 

be determined from the radionuclide 

levels found in these sediments. 

Silt samples were collected from the 

river and surface water sample locations 

shown in Figure 5. 

Table 28 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN SILT FROM RIVER MONITORING LOCATIONS IN 1984 

_238Pu 238 . 
Pu 

Number Range c. Averagea,b,c 
of 

LOcation SamJ2les (10- 6 
f.!Ci/9:) (10- 6 

f.!Ci/9:) 

1 3 0.0002 - 0.0027 0.001 ± 0.003 

2 3 0.02 - 0.05 0.03 ±·0.03 

3 3 0.0002 - 0.04 0.02 ± 0.05 

4 3 0.33 - 2.14 0.94 ± 2.58 

5 3 0.02 - 0.06 0.04 ± 0.06 

aLower Detection Limit (LDL) for 238Pu in silt is 
0.0005 X lo-6 f.!Ci/g. 

bError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

cAverage environmental level (E.L.) subtracted from data. 

r---- Table 29 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN SILT FROM SURFACE WATER MONITORING LOCATIONS IN 1984 

238Pu 238Pu 
Number Range c Averagea,b,c 

of -6 (10- 6 
Location SamEles ( 10 ll Ci/9:) !JCi/9:) 

11 3 0.0001 - 0.0008 0.0004 ± 0.001 

12 3 0.0002 - 0.0018 0.003 ± 0.009 

13 3 N.D. - 0.0003 0.00003 ± 0.0007 

14 3 0.0003 - 0.0015 0.0007 ± 0.002 

15 3 0.0007 - 0.0021 0.001 ± 0.002 

16 3 0.0001 - 0.0025 0.001 ± 0.003 

a Lower Detection Limit (LDL) for 238 Pu is 0.0005 x 10-6 IJCi/g. 

bError limits are estimates of the standard error of the estimated 

(N.D.) -Environmental Level and sample values cannot be detected 
above reagent blanks, therefore includes environmental level. 

• 

• 

l
means at the 95% confidence level. 
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Evaluation of Dose 
Commitment to the Public 
A dose assessment w~s performed for 

radionuclides in the environment from 

Mound operations. These radionuclides 

are plutonium-238 and tritium. Tritium 

(oxide) is the only radionuclide at Mound 

for which the critical organ is the whole 

body. The critical organs for plutonium

~38 are assumed to be the lung for 

insoluble material and the bone for 

soluble material. The solubility of 

plutonium-238 in the receptor is unknown 

at Mound; however, it: is highly probable 

that most of the plutonium-238 is in the 

oxide form, which is very insoluble. In 

39 

order to provide a realistic but conser

vative dose commitment estimate, it is 

assumed that 50% of the plutonium-238 is 

insoluble and 50% is soluble. The model 

used for soluble plutonium results in a 

higher dose estimate than that for the 

insoluble material. This technique re-

mains conservative, since_it is expected 

that most of the plutonium-238 is 

insoluble. 

The term "dose commitment," as used in 

this report, is that cumulative dose for 

a period of 50 yr from 1 yr of exposure 

to a given radionuclide. 

-------------------- Dose Commitment 
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Plutonium-238 Assumptions 
and Methodology 
The dose commitment estimates for pluto

nium-238 were based on environmental 

monitorin~ cata for 1984. The estimates 

for maximum dose commitment to the lung 

at the site boundary and maximum dose 

commitment to the lung in individuals 

were based on the maximum onsite 

incremental 

p1utonium-238 

213, 

are 

average concentration of 

in air from onsite samplers 

Table 11), because the 

in proximity to the site 

(samplf>r 

samplers 

boundary. The maximum dose commitment to 

the lung in population group(s) was based 

on the maximum offsite average incre

mental concentration of plutonium-238 in 

~ir (sampler 1?.4, TableR). 

The estimates for maximum dose commitment 

to the bone at the site boundary and in 

incividuals were based on the maximum 

onsite average incremental concentrat~on 

of plt:tonium-238 in air and the maximum 

offsite .average concentration of plu

tonium-238 in drinking water (average of 

B-2, B-2 and B-3 is 0.03 X l0- 12 ~Ci/ml) 

(Table 24). The maximum dose commitment 

to the hone for individuals in population 

group(s) wns calculated using airborne 

conce~trntions of plutonium-238 only, 

because the concentration of plutonium-

23 8 in Miamisburg drinking water was at 

the environmental level. 

The terms "maximum dose commitment at the ~ 
site boundary" and "maximum dose commit-

ment to individuals" refer to the maximum 

dose commitment possible for individuals 

to receive, assuming they remain at the 

site boundary 24 hr/day and 365 days/yr. 

The term "maximum dose commitment for 

individuals in population group(s)" 

refers to those individuals who reside in 

an area adjacent to Mound and who receive 

the maximum dose commitment values 

calculated in the offsite environment. 

The calculational methods can be found in 

the Appendix. The results of the dose 

commitment estimate calculations Ll re 

shown in Table 30. 

The data indicate that in all cases of 

dose commitment comparisons, the dose 

commitments are within 0. 2% of the DOE 

standard. In addition, to provide a ~ 
relative comparison of these dose commit-

ment values, the maximum dose to the lung 

of an individual around Mound is 

0.2 mrem/50 yr. This would be equivalent 

to the additional dose to an individual 

smoking 0.3 cigarettes/yr (13] or visit-

ing a friend who lives in a brick house 

(as compared to a wooden house) for 6 

hours [14]. 

~ 
Plutonium-238 Assumptions and Methodology--------
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Maximum dose 
equivalent at 
the site boundary 

Maximum dose 
equivalent to 
an individual 

'Maximum dose 
equivalent to 
an individual in 
the population 
grotip(s) 

Table 30 - DOSE COMMITMENT ESTLMATES 

Plutonium-238 
% of 

Applicable 
Lung DOE Standard 

0.17 

0.17 0.01 

0.03 0.006 

(mrem/50 yr) 
%-of 

Applicable 
Bone DOE Standard 

2.65 

2.65 0.18 

0.46 0.09 

Tritium Oxide 
(mrem/50 yr) 

Whole 
Body 

0.7 

0.7 

0.13 

% of 
Applicable 

DOE Standard 

0.14 

0.08 
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Tritium (Oxide) Assumptions 
and Methodology 
The dose co~~itment estimates for tritium 

(oxide)_ were also based on environmental 

monitoring data for 1984. The concentra-

tion~ used for dose commitment estimates 

for tritium (oxidel were calculated using 

the same method as that used for pluto-

nium. The maximum average onsite air 

incremental concentration was measured at 

sampler 213 (Table 13) , and the maximum 

drinking water incremental concentration 

was the average measured at location B 

(average of B-1, B-2, and B-3 is 6. 7 x 

10-fi uCi/ml) (Table 23). The maximum 

averc.ge offsite air incre~ental concen

tration was measured at sampler 101 

(Table 10), and the maximum incremental 

concentration in drinking water for 

individuals in a population group was 

that measnred in the Miamisburg drinking 

water. The total dose commitment for the 

whole body was obtained by adding the 

dose commitment of tritium (oxide) i~ air 

and the dose commitment of tritium 

(oxide) in water. 

The calculational methods can be found in 

the Appendix. The results of the dose 

colru!'j tment estimate calculations are 

showr in Table 30. 

The tritium data indicate dose commitment 

levels within 0.?.~ of the DOE standards. 

For -exe~mple, the maximum whole body dose 

comMitment to an individual around Mound 

from ~ritium is 0.7 mrem. This value is 

equivalent to the additional dose to an 

individual from Ohio taking a 3-day 

vacation in Colorado [15]. 

The person-rem dose commitment estimate 

calculation was based on tritium (oxide) 

data from environmental ~ir sampli~g 

stations in two ranges: 0.8 km (0-5 mi) 

and 8-21 km (5-20 mi). The 0-8 km range 

includes 10 samplers within 1.6 km (1 mil 
of Mound. 

The average concentration of tri tiu~ 

(oxide) in air was obtained by averagin~ 

concentrations· found at 10 offsi te 

tritium air samplers and then subtracting 

the concentration found at sampler #119. 

From this average concentration, a dose 

commitment was determined and multiplied 

by the number of people from 0 to 8 km. 

The average tritium (oxide) concentration 

from the four . other offsite samplers 

(less the concentre~.tion at ·sampler 119) 

was used to ohtain the person-rem fron. 8 

to 32 km. Eight area segments from 8 to 

• 

32 km were obtained by letting each 

sampler represent one segment conrentra

tion and the average of two adjacent 

samplers represent another segment' .• 

These segme'nt concentrations were then 

multiplied by their respective populu

tion. Using the concentrations from the 

four samplers and this averaging tech

nique gives a more realistic population 

dose value. 

The person-rem from tritium (oxide) in 

community drinking water was based on 

average concentrations of tritium (oxide) 

in various community water supplies, less 

appropriate environmental levels, and 

weighting these concentrations with re-
' spective populations. 

The calculations for the air and water 

dose commitment estimates are shown in 

the Appendix. 

• 
Tritium (Oxide)·Assumptions and Methodology-------
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It is cstimatPd that the total population 

from 0 to 32 km is receiving 8 person-rem 

from Mound's emissions. The remaining 

population from 32 km to 80 km (20 to 

50 mil is expected to receive negligible 

dose commitment from tritium (oxide) 

emissi.ons. Thus, the dose commitment 

from Mound's emis~ion is estimated to be 

8 person-rem for the 0-~~--km range • 

43 

For comparison, the population dose 

values from natural radiation, including 

cosmic rays, terrestial, and internal 

radiation, would be approximately 470,000 

person-rem for the 0 to 8 0 krn (50 mi) 

range [16]. The dose commitmP.nt from 

background tritium alone is 0.03 mrem and 

results in a population dose of 100 

person-rem for the 0 to 80 km range [16). 

------ Tritium (Oxide) Assumptions and Methodology 
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Appendix 

AppUcable Standards 

RADIOACTIVE STANDARDS 

In conformance with DOE Order 5480.1, 

Chapter XI, "Requirements for Radiation 

Protection," offsi te sample results are 

compared with RCG's established for the 

general population. These ·RCG's are de

rived by dividing the RCG's for an un
controlled area by three. 

Onsite sample results are compared with 

the uncontrolled area RCG's which are 

applicable for individuals in the popu

lation. 

The RCG values {in microcuries per milli

liter - ~Ci/ml) used for comparison pur

poses for the various types of samples 

in this report are listed below. In all 

cases, these are the most restrictive 

RCG's. 

Plutonium-238 (Soluble Form) 

Air 

General Population 2 X 10-14 I!Ci/ml 
Uncontrolled Area 7 X 10-14 1.1Ci/ml 
(Individuals in 

the Population) 

v1ater 

General Population 2 X 10-6 1.1Ci/ml 

Uncontrolled Area 5 X ·10-6 1.1Ci/ml 
(Individuals in 

the Population) 

Tritium (Soluble Form) 

Air 

General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

7 x 10-S 1.1Ci/ml 

2 X 10-? ;JCi/ml 
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Water (DOE RCG is conparec1. to \·Tater not 

used for drinking ourposes) 

General Population 1 x 10-3 uCi/ml 

·Uncontrolled Area 3 x 10- 3 11Ci/ml 
(Individuals in 
the Population) 

As of June 24, 1977, community drinking 

water quality is regulated by the EPA 
National Interim Primary Drinking Water 

Regulations for Radionuclides. The new 
standard= 20 x 10-6 1.1Ci/ml (20,000 pCi/1). 

Foodstuffs There are no RCG values speci

fied for foodstuffs. However, to give 

some perspective, the foodstuff values can 

be compared to the RCG values for plutonium 

and tritium in water. 

Soil There are no guidelines established 

for radioactive species in soil. (The 

u.s. EPA has guidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

Water Region V of the u.s. EPA has issued 

a discharge permit under NPDES regulations 

covering Mound liquid effluent streams. 

The discharge limitations for each efflu

ent stream are as follows: 

------------------------------------------------------------Appendm 
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Discharge 001-A 

BOD 5 mg/1 (kg/day) 

Suspended Solids 
mg/1 (kg/day) 

Fecal Coliform 
N/100 ml 

pH 

Discharge 001-B 

Suspended Solids 
mg/1 (kg/day) 

(Oct-Har) 
(Apr-Sept) 

Oil and Grease 
mg/1 

7-day 
Average 

15 (14.2) 

30 ( 2 B. 4) 

2000 

6.5- 9.0 

Daily 
.r.taximum 

30 (11.4) 
50 ( 19) 

10 

30-day 
Average 

10 (4.9) 

15 (7.4) 

1000 

30-Day 
Average 

20 ( 7. 6) 
20 (7.6) 

COD 

Dissolved Solids 

Residual Chlorine 

.r.toni tor Only 

Honitor Only 

0.02 
rng/1 

pH 6. 5 - 9 

Discharge 001-C 

Cyanide mg/1 

Chromium - Total mg/1 

Cadmium mg/1 

Nickel mg/1 

Copper mg/1 

Discharge 002 

Suspended Solids 
mg/1 (kg/day) 

Dissolved Solids 
mg/1 (kg/day) 

Oil and Grease 
mg/1 

Residual Chlorine 

pH 

Daily 
Haximum 

30 ( 91) 

2000 
( 606 5) 

10 

0.02 

6. 5 - 9 

Daily 
Maximum 

1.0 

0.5 

0.1 

0.5 

0.5 

Daily 
Average 

15 ( 34) 

1500 
(3412) 

The Ohio EPA has established Water Quality 

Standards (3745-1-01-3745-l-09). The 

standards listed below are excerpted from 

these regulations. These standards are 

stream standards and apply to a stream 

beyond a suitable mixing zone permitted 

for discharges. They should not be com

pared with effluent concentrations. 

l\veraqe 
Concentration 

Constituent 

Dissolved Oxygen 

pH (pH units) 

Fecal Coliform (N/100 

Dissolved Solids 

Ammonia 

Arsenic 

Barium 

Cadmium 

Chloride 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 

Manganese 

Mercury 

Oil and Grease 

Phenols 

Selenium 

Silver 

ml) 

(m9:/li ter) 

5.0 

6-9 

200 per 100 ml 

1500 

1.5 

0. 0 5 

0.8 

0.005 

250 

0.05 

0.00 5 

1.3 

0. 5 

1 

0.04 

1 

0.0005 

5 

0.01 

0.005 

0.001 

Copper 

Zinc 

0.005- 0.075* 

0.075- 0.5* 

*Dependent on Caco 3 hardness. 

Dose Commitment Calculations 

PLUTONIUM-238 CALCULATIONAL ~1ETHODS 

These dose commitment to the lung resulting 

from inhalation of airborne plutonium-238 

was calculated by: 

Sl.lCI t 1 f f EEF(RBE)n -'t 
D(t) = a a r (1-e A 2) 

m 
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\.,here 

D(t) = 50-yr dose commitment de

livered to the lung in 365 

days of continuous exposure 

to plutonium-238 in air, 

rem/50 yr 

c average airborne concentra

tion, 11Ci/ml 

average air intake 
= 2 x 10 7 ml/day [11 

time exposed, 365 days 

t 2 = duration of dose, 50 yr 

fa fraction of inhaled material 

reaching orga·n of interest 

= 0.3 for the pulmonary 

region [21 

fr = fraction of pulmonary de
position undergoing long

term retention= 0.6 for 

actinide (class Y) [21 

l:EF(RBE)n effective energy deposition 

per disintegration = 57 [11 

m 

effective decay rate, 0.0014 
day-l for actinides (class 

Y) from the pulmonary region 

[31 

lung mass, 1000 g [11 

The dose commitment to bone resulting 
from inhalation of airborne plutonium-238 

was calculated by: 

D (t) 

where 

5l.lCiafa t 1 I:EF (RBE) n (1-e -At2)· 
Am 

fa 0.2 [11 

EF(RBE) = 280 [11 

m = 7 x 10 3 g {11 
= 3 x l0- 5day-l [11 

49 

The dose commitment to bone resulting from 

ingestion of plutonium-238 in water was 

calculated by: 

D(t) = 
51.1CI f t 1 rEF(RBE) 

w w (l-e->.t2) 
>.m 

where 

Iw average quantity of water intake, 

2200 cm3 [11 

fw = fraction of ingested material 
reaching organ of interest, 
2.4 x lo-5 [11 

TRITIUM OXIDE C~~CULATIONAL METHODS 

The dose commitment to the whole body 
resulting from exposures to tritium (oxide) 

in air was calculated by.: 

D(t)a Ca = Ra X S 

where 

D(t)a = dose commitment, mrem/50 yr 

Ca = average concentration of tritium 

(oxide) in air 

Ra = RCG for tritium (oxide) ·in air r 4 J 

s = Radiation protection standard in 

mrem/50 yr [ 4 1 

The dose commitment to the \orhole body re

sulting from uptake of tritium (oxide) in 

water was calculated by: 

D(t)w Cw X S =Rw 

where 

D(t)w = dose equivalent in mrem/50 

Cw = average concentration 

Rw = RCG for tritium (oxide) in 

[ 41 

yr 

water 

s = radiation protection standard in 

mrem/50 yr [ 4 1 
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These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the Inter

national Commission on Radiological Pro

tection [5) and the National Council on 

Radiation Protection Measurements [6). 

PERSON-REM CALCULATIONS 

The equations used for this calculation 

were: 

D{t)a 

where 

D{t)a 

Ca 

Ra 

dose commitment from tritium 

(oxide) in air 

average tritium (oxide) concen

tration in air 

RCG for tritium (oxide) in air 

[ 4] 

S = radiation protection standard 

for tritium (oxide) in air in 

mrem/50 yr [4] 

D(t)w Cw 
Rw X S 

These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the Inter

national Commission on Radiological Pro

tection [5] and the National Council on 

Radiation Protection and Measurements [6]. 

The total person-rem from 0 to 32 krn is 

obtained by: 

where 

3 2 
ER person-rem within 32 km 
0 

- 8 
D(t)aEP = average dose commitment x pop

o 
ulation from 0-8 km 

8 32 

ED(t)aEP summation of dose commitments 
0 B 

References 

x the respective populations 
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x respective population from 
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Foreword 
This report was prepared by the Environmental Section of the Adminis

trative Services Department at Monsanto Research Corporation - Mound. 

Sample analyses and data reduction w~re performed by the Environmental 

Laboratory Group. Particulate samples offsite were collected by the 

Air Pollution Control Section of the Montgomery County Combined General 

Health District, which acts as the Regional Air Pollution Control Agency 

in this area for the Ohio Environmental Protection Agency. All other 

sampling was performed by personnel in thP. Environmental Section. 
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Introduction 
Monsanto Research Corporation - Mound 

occupies 306 acres of land in Miamisburg, 

Ohio. This location is approximately 16 

km (10 mi) southwest of Dayton, Ohio. 

The predominant geographical feature in 

the five-county region surrounding Mound 

is the Great Miami River, which flows 

from northeast to southwest through 

Miamisburg. The river valley is highly 

industrialized. 

Al19 

I 1<: I . 
tt II .BROOKVILLE 

~ 
'! 

EATON 

0 I l l • liiiiJ"'*____., 
MILES 

121•56 ....--..-......., 
KILOMETERS 

. TROTWOOD Q 

.FRANKLIN 
All I 

The remainder of the region is predomi

nantly farmland, dotted with light 

industry and small communities. The 

locations and populations of these 

communities are shown in Figure 1. The 

population distribution surrounding 

Mound is shown in Figure 2. Drinking 

water for the area is obtained from a 

buried valley aquifer that generally 

follows the Great Miami River. The pri

mary agricultural activity in the area 

VANDALIA. 

• 

,&Alii SAMPLING STATIONS 
POPULATIONS OF CITIES 

.2500-5000 

-o sooo-1o.ooo 
.10,000-15,000 

Q>1s,ooo 

FIGURE 1.- Offsite air sampling locations. 
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Cumulative Population Totals 
1980 Population 0 - 50 Miles 

0-10 398,259 
0-20 l, 125,790 
0-30 1,669,231 
0-40 2,823,798 
o-so 3,3SB,94l 

FIGURE 2 - Projected 1980 population within 50 miles of Mound . 
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is raising field crops such as corn and 

soybeans. Approximately 10% of the land 

in agricultural use is devoted to pastur

ing livestock [1). 

The climate in the area is considered 

·moderate. Average annual precipitation 

is 91 em (36 in.) and is evenly distri

buted throughout the year. Winds are 

predominantly from the south or west, 

except during the summer, when they are 

recorded more frequently from out of the 

southwest [2]. The annual average wind 

speed measured at Mound was 4.1 m/s 

(9.2 mi/hr) for 1983. Figure 3 shows 

the wind rose compiled at Mound, and 

Table 1 shows average wind speed and 

percent frequency for each of 16 wind 

directions. 

NNW N 

NNE ··. 
NW ······ .. ~ 

w .. w 
\ENE 

wi i 10.0 l 15.0 i 20.0 / ! . 
........ / 

wsw .... //ES£ 

_ .. · ./· 

... ··· 
..,.,··· · .. 

sw·· ... SE 

ssw ............... . SSE 
s 

FIGURE 3 - The relative frequency of 
winds from different directions for 
Mound. 
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Mound began operations in 1949. Its 

mission currently includes 1) research, 

development, engineering, production, 

and surveillance of components for the 

Department of Energy (DOE) weapons pro

grams: 2) separation, purification, and 

sale of stable isotopes: and 3) DOE pro

grams in solar energy, fossil fuels, 

nuclear safeguards and waste management, 

heat source testing, and fusion fuel 

systems. The radionuclides of primary 

concern that result from Mound's current 

or past operations are plutonium-238 and 

tritium. 

Radionuclides in particulate form are 

removed from process air effluents· by 

high efficiency particulate air (HEPA) 

filters. Air effluents are filtered 

first at their points of origin (i.e., 

gloveboxes) and then just before reach

ing the release point (i.e., the stack). 

The filtering system at the stack con

sists of two banks of HEPA filters in 

series, each bank having a collection 

efficiency of 99.95%. Radionuclides are 

removed from liquid effluents, such as 

process wastes, by chemical processing. 

Solid radioactive wastes are packaged 

and shipped offsite for burial at ap

proved burial sites. Wastes generated 

in the processing of explosive materials 

are collected and disposed of according 

to the Defense Armament and Research 

Command (DARCOM) Regulation 385-100 and 

DOE/EV/06194-1. 

An onsite, sanitary waste treatment plant 

provides secondary treatment, in accor

dance with U.S. Environmental Protection 

Agency (EPA) requirements (3], using an 

activated sludge process operating in the 

• 
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Table 1 - AVERAGE ANNUAL PERCENT FREQUENCY OF WIND -1 DIRECTION AND AVERAGE WIND SPEED (M/S) FOR 1983 

Direction Percent 

N 4.0 

NNE 3.6 

NE 4.4 

ENE 4.7 

E 5.5 

ESE 4.4 

SE 4.7 

SSE 3.8 

s 5.2 

ssw 7.8 

sw 11.2 

WSW 8.0 

w 5.8 

WNW 6.2 

NW 5.8 

NNW 3.9 

CALM 11.0 

Total 100.0 

extended aeration mode. All domestic 

sewage generated onsite is treated in 

this facility. The influent and 

effluent at the sewage treatment plant 

are also monitored for radioactivity to 

ensure no undetected release can occur 

to the environment via the sanitary 

sewage plant. Digested sludge from the 

sewage plant is shipped offsite for 

burial at an approved burial site. All 

wastP.water is discharged from the site 

to the Great Miami River. Nonradioac

tive solid wastes are disposed of 

according to a recycling and reclamation 

program whenever possible. White paper, 

Average Spe~d 
(m/s) 

4.6 

4.1 

4.1 

4.1 

4.3 

3.7 

4.2 

3.9 

4.3 

4.9 

5.3 

5.2 

5.0 

4.8 

4.6 

4.1 

4.1 

scrap metal, and wood are sold for rec

lamation. General refuse was transported 

during 1983 to a sanitary landfill site 

approved by both the state and county. 

Waste solvents and chemicals are moved 

offsite by a commercial-industrial waste 

disposal firm. 

Mound's compliance with regulations pre

scribed by DOE for the safety of its em

ployees and the public has been demon

strated throughout the history of the 

facility. The fundamental objective of 

the Mound Environmental Control Program, 

an ongoing program since Mound began 

Introduction 
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operations, is the containment of radio

active effluents to levels well within 

the existing standards. As part of this 

program, effluents are monitored and con

trolled at each operating step, resulting 

in no more than low-level releases of 

airborne or liquid wastes to the environ

ment. With early detection, control 

techniques can be implemented, thus 

ensuring that concentrations are well 

within existing standards and meet the 

DOE guideline "as-low-as-reasonably

achievable" (ALl\FA). 

As part of the Mound Environmental Pro

gram monitoring functions, air, water, 

vegetation, foodstuff, and sediment sam

ples are collected from the environment 

at distances up to 48 km (30 mil from 

Mound's boundaries. These samples are 

then analyzed for the specific radionu

clides handled at Mound. A summary of 

thP. monitoring program is shown in Table 

2. 

The resu-lts of the environmental analy

ses for 1983 arP. provided in this report. 

The primary purpose of the report is to 

detail what impact, if any, Mound's 

operations have had on the adjacent en

vironment in 1983. To serve this pur

pose, several calculational techniques 

used throughout this report should be 

described. The concentrations of vari

ous radionuclides reported here that 

result from Mound's operations are 

termed "incremental." The term incre

mental denotes a concentration value 

that exceeds normal environmental levels 

of the same radionuclide. The "environ

mental level" is that level found in the 

environment where Mound would have no 

impact. Environmental levels of radio

nuclides in various mediums are shown in 

Table 3. 

To determine concentrations of radionu

cl1des found in the environment, the 

instrument background and reagent blanks 

were subtracted from the sample count. 

This value was then used in averages, as 

opposed to using the lower detection 

li~it (LDL), which had been the practice 

in years past. 

For comparative purposes and for single 

sample evaluation, however, the lower 

detection limit is shown for each set 

of data in this report. The LDL is thP. 

estimated standard deviation of the 

blanks at thP. 95% confidence level. 

The error estimates shown with each set 

of data are estimates of the ~tandard 

error of the estimated mean at the 95% 

confidence level. These values include 

all sources of variability including 

sampling, analyses, counting statistics, 

and the propagated error involved when 

subtracting the environmental levels 

from the actual data. 

Summary 
The environment locally surrounding Mound 

was monitored primarily for tritium and 

plutonium-238. The results are reported 

for 1983. Environmental mediums analyzed 

included air, water, vegetation, food

stuffs, and sediment. 

The average concentrations of plutonium-

238 and tritium were within the applica

ble standards (adopted by the U.S. DOE) 

for radioactive species. 

• 

• 
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Table 2 - MONITORING PROGRAM 

Air Surveillance 
Offs~te 

15 locations 
Onsite 

5 locations 
Stack Emission 

15 locations 

Water Surveillance - Offsite 
River 
----s-Iocations 
Pond 
-7-locations 
Mun~ciEal Drinking Water 

12 locations 
Well Water 

5 locations 

Water Surveillance - Onsite 
Effluent Water 

3 locat~9ns 

Silt Surveillance - Offsite 
R~ver 

----s-Tocations 
Pond 
--7-loca tions 

Vegetation and Foodstuff Surveillance 
Vegetation 

3 locations 
Foodstuffs 

3 locations 

Environmental Level Surveillance 
Four Mediums 

6 locations 

Sampling 
Frequency 

Weekly 

Weekly 

Daily 

Daily 

Monthly 

Quarter_ly 

Monthly 

Daily 

Quarterly 

Quarterly 

Semiannually 

Annually 

Quarterly 

Parameter Measured 

HTO, Pu, particulate 

HTO, Pu, particulate 

HT, HTO, Pu, u 

HTO, Pu, u 

HTO, Pu, u 

HTO, Pu 

HTO, Pu 

Flow, suspended solids, 
BOD

5
, fecal coliform, 

pH, oil and grease, 
COD, residual chlorine, 
dissolved solids, 
cyanide, chromium, 
cadmium, nickel, 
copper, ·HTO, Pu, U 

Pu 

Pu 

HTO, Pu 

HTO, Pu 

HTO, Pu 

--------------------Introduction 
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Table 3 - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES IN VARIOUS MEDIUMS--, 

Plutonium-238 in aira 

Tritium oxide in aira 

Plutonium-238 in river waterb 

Tritium in river waterb 

Plutonium-238 in surface waterc 

Tritium in surface waterc 

Plutonium-238 in well waterd 

Tritium in well waterc 

Uranium-233, 234 in river waterb 

Uranium-238 in river waterb 

Plutonium-238 in river siltb 

Plutonium-238 in surface 

Tritium in grassd 

Tritium in tomatoesd 

Plutonium in grassd 

Plutonium in potatoesd 

Plutonium in fishd 

water siltc 

aMeasured at offsite samp!'er 119. 

0.02 

0.14 

1.6 

0.15 

0.6 

0.11 

2.5 

0 .12 

7.24 

7.21 

O.G018 

0.0009 

0.69 

0 .57 

0.00032 

0.00044 

0.00052 

:!: 

:!: 

:!: 

:!: 

:!: 

:!: 

:!: 

:!: 

:!: 

± 

± 

± 

± 

± 

± 

0.09 

0.26 

0.2 

0.09 

0.6 

0.05 

3.2 

0.06 

l. 75 

2.83 

0.0045 

0.0017 

0.08 

0.08 

0.00019 

X 10-l? 

X 10-11 

X 10-12 

X 10- 6 

X 10-12 

X 10- 6 

X 10-l 2 

X 10- 6 

X 10-lO 

X 10-lO 

X 10- 6 

X 10- 6 

X 10- 6 

X 10- 6 

X 10- 6 

± 0.00137 X 10- 6 

± 0.00038 X 10- 6 

I 
).JCi/ml 

).JCi/ml 

).JCi/ml 

JJCi/ml 

).JCi/ml 

).JCi/ml 

).JCi/ml 

).JCi/ml 

\.!Ci/ml 

).JCi/ml 

JJCi/g 

).JCi/g 

llCi/g 

].JCi/g 

].JCi/g 

\.!Ci/g 

\.!Ci/g 

bMeasured 20 mi upstream on Great Miami River. 

cMeasured 28 mi northwest of Mound. 

dMeasured 30 mi west of Mound. 

Data concerning the emission of nonra

dioactive species into the atmosphere 

are also presented. All emissions were 

9% or less of the applicable emissions 

standard. 

The average incremental concentrations 

of plutonium-238 and tritium oxide in 

air measured at nll offsite locations 

during 1983 were 0.26 x lo- 17 ).JCi/ml and 

1.4 x l0- 11 ).JCi/ml, respectively. These 

correspond to 0.01% and 0.02% of their 

respective Radioactivity Concentration 

Guides (RCG). Details of the applicable 

standards are given in the Appendix. 

The average incremental concentration of 

plutonium-238 measured at all locations 

in the Great Miami River during 1983 was 

0.16 x 1o-
12 

).JCi/ml which is 0.00008% of 

the RCG. The average incremental concen

tration of tritium measured at all loca

tions in the Great Miami River during 

1983 was 0.01 x 10-6 lJCi/ml which is 

0.001% of the RCG. 
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Radionuclide effluent data for 1983 are 

summarized in Table 4 • 

- Table 4 - EFFLUENT DATA FOR 1983::-l 

F.adionuclide Medium Quantity 

Tritium air 4293 Ci 

Tritium water 7.94 Ci 

Plutonium-238 air 0.004 mCi 

Plutonium-238 water 1.0 mCi 

Uranium-233,234 water 0.5 mCi 

The average incremental concentrations 

of plutonium-238 found during 1983 in 

surface and area drinking water were 

also a fraction of the DOE RCG (less 

than 0.00006%). In addition, the aver

age incremental concentration of tritium 

in surface water and the average concen

tration in area and municipal drinking 

water were a fraction of each respective 

DOE RCG (less than 0.02%) and EPA stan

dard (less than 32% and less than 2%, 

respectively). 

Although there are no specific standards 

(RCG) for plutonium-238 and tritium in 

foodstuffs, the concentrations found, if 

compared to the water standard, are also 

a small fraction of the RCG. Sediment 

was sampled at several offsite water 

sampling locations. No adverse impact 

to the environment could be determined 

from the radionuclide levels found in 

these sediments. 

The dose commitment estimates indicate 

that, in all cases, the levels are at or 

within 1% of the DOE staPdard. The per

son-rem calculated to 80 km for the 

total population as a result of Mound 

operations during 19B3 was 13 person

rem. Natural radiation would result in 

approximately 470,000 person-rem for the 

area. 

A National Pollutant Discharge Elimina

tion System (NPDES) permit regulates 

nonradioactive pollutants in Maune's ef

fluent water. The NPDES permit requires 

this effluent to be characterized by 

analyzing samples collected at four on

site locations. Out of 1402 NPDES mea

surements taken in 1983, fewer than 3% 

exceeded maximum permit limitations. 

None of these exceptions, however, had 

an adverse impact on the Great Miami 

River or caused the river to exceed Ohio 

Stream Standards. 

The data contained in this summary 

demonstrate the status of compliance 

with various current regulatory agency 

standards and demonstrate Mound's 

emphasis on the as-low-as-reasonably-
' achievable (ALARA) concept. 

Environmental surveillance 
QuaHty Assurance 
Mound's Environmental Section quality 

control program has been documented in a 

quality control manual [4). Because 

many of the samples analyzed contain con

taminant concentrations at or below the 

lower detection limit of the ana~ytical 

method being used, an essential part of 

the quality control program for environ

mental monitoring is the determination 

of "blank value~." A "blank value" is a 

-------------------Quality Assurance 
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measured amount of contaminant deter

mined by carrying out the chemical 

analysis without a sample, but rather 

using deionized water, a clean filter 

paper, or only the reagents used in the 

analysis. Analyzing blanks is essential 

in verifying the absence of excessive 

laboratory contamination or detector 

background. Also, the standard devia

tions of the "blank values" are used to 

calculate lower detection limits, which 

are given with each set of environmental 

data. 

An essential part of Mound's quality 

control program is the analysis of refer

ence samples from a reliable outside 

laboratory. During 1983, Mound analyzed 

samples from DOE's Environmental Measure

ments Laboratory (EML) from the u. S. 

Environmental Protection Agency (EPA) and 

from Monsanto's Environmental Science 

Center (ESC). The EML samples contained 

trace radionuclidesr the EPA and ESC.sam

ples contained nonradioactive contami

nants. 

The EML reference samples consisted of 

air filters, water, soil, tissue, and 

vegetation. The concentrations obtained 

for tritium, plutonium, and uranium in 

these samples are given in Table 5. 

These samples were prepared in November 

of 1982 (8211) and May of 1983 (8305). 

Errors are given for the Mound values, 

the EML values, and the concentration 

ratios. In general the Mound and EML 

values agree with each other within ex

perimental error. In all cases where 

the Mound and EML values did not agrP.e 

within experimental error, the ratio of 

the Mound concentration to the mean 

concentration of all of the laboratories 

participating in the program gave ratios 

closer to unity. OVerall, results from 

this comparison indicate good agreement 

between Mound's data and EML's 

reference values. 

In regard to the measurement of nonr~dio

active contaminants, Mound participated 

in the 1983 EPA Quality Assurance Program 

for Water Analysis, and in Monsanto Com

pany's NPDES Water/Wastewater Standards 

program for 1983. Results are summarized 

in Tables 6 and 7. 

In regard to the EPA program, Mound's 

measured concentrations fell within the 

"EPA Acceptance Limits" except ·for chro

mium. The chromium concentration was 

about 3% below the lower acceptance limit 

given by the EPA. It is believed that 

the low-measured concentration of chro-

• 

mium was caused by an atomic absorption • 

matrix effect. Deviations observed in 

the measurement of chromium in Monsanto's 

program are less than 10% (Table 7). 

Other data in Table 7 indicate good 

agreement between Mound's measured con

centrations and Monsanto's reference 

values. 

In summary, the agreement between Mound 

measured concentrations and reference 

values of EML, the EPA, or Monsanto in

dicate good reliability of the data 

generated in the routine environmental 

monitoring program at Mound. 

Air - Radioactive 
In 1983, the offsite air-sampling network 

consisted of 15 continuously operating 

air-sampling stations used for sampling 

Quaiity Assurance----------------- • 
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Table 5- MOUND'S DOE QUALITY ASSESSMENT----------------------~ 
PROGRAM RESULTS FOR 1983 

Sample 
Type 

Air 

Air 

Water 

Sample Isotope 
No. Determined 

8211 

8305 

8211 

Pu-238 
Pu-239 

Pu-239 

H-3 

Concentration, pCi/(g or ml)a 

1. 78 
1.48 

2.82 

12.5 

Mound EMLb 

± 0.16c 
:!: 0.14 

± 0.20 

:!: 0.3 

1.99 
1.50 

2.99 

12.9 

:!: 0.16d 
:!: 0.14 

:!: 0.03 

± 0.5 

Concentration Ratio 
Mound to EML 

0.89 ± 0.12e 
0.99 :!: 0.13 

0.94 :!: 0.08 

0.97 :!: 0.05 

Pu-238 
Pu-239 

0.0035 :!: 0.0001 
0.0042 ± 0.0001 

0.0027:!: 0.0001 1.30:!: 0.05 (1.21)f 
0.0032:!: 0.0001 1.31 ± 0.04 (1.22) 

Water 

Soil 

Soil 

Tissue 

Vegetation 

8305 

8211 

8305 

8305 

8211 

8305 

U-234 
U-238 

H-3 

Pu-239 

U-234 
u- 2:38 

Pu-238 
Pu-2.39 

lJ-234 
U-238 

Pu-238 
Pu-239 

U-234 
U-238 

Pu-238 
Pu-239 

Pu-239 

Pu-238 
Pu-239 

U-234 
U-238 

0.0064 :!: 0.0001 
0.0064 :!: 0.0001 

11.8 ±·0.2 

0.0063 :!: 0.0001 

0.0112 ± 0.0002 
0.0111 ± 0.0002 

0.0050 :!: 0.0007 
0.100 :!: 0.012 

0.56 
0. 58 

± 0.03 
±, 0. 07 

0.025 :!: 0.008 
1.40 :!: 0.07 

0.93 
0.88 

:!: 0.04 
± 0.03 

0.011 ± 0.003 
0.14 ± 0.01 

0.084 :!: 0.016 

0.12 ± 0.02 
0.035 ± 0.010 

0.0060 :!: 0.0017 
0.0066 ± 0.0020 

0.0064 :!: 0.0004 1.00 :!: 0.06 
0.0064 :!: 0.0004 1.00 :!: 0.06 

10.8 :!: 0.2 1.09 ± 0.04 

0.0087 :!: 0.0003 0.72 ± 0.04 (0.92) 

0.~116 :!: 0.0039 0.97 ± 0.33 
0.0116 :!: 0.0050 0.96 ± 0.41 

0.0040 :!: 0.0004 1.25 :!: 0.17 (1.06) 
0.110 :!: 0.003 0.91:!: 0.12 

0.54 
0.66 

:!: 0.03 
± 0.02 

0.027 :!: 0.004 
1.56 :!: 0.14 

0.9 6 
0.97 

± 0.05 
± 0.05 

0.013 :!: 0.001 
0.15 ± 0.01 

0.108 ± 0.010 

0.081 ± 0.005 
0.020 ± 0.001 

1.04 ± 0.08 
0.88 ± 0.12 

0.93 ± 0.32 
0.89 ± 0.10 

0.97 ± 0.07 
0.91 ± 0.06 

0.85 ± 0.24 
0.94 ± 0.10 

0.78 ± 0.29 

1.43 :!: 0.24 (1.32) 
1.75 ± 0.51 (1.51) 

0.0100 ± 0.0010 0.60 ± 0.19 (0.85) 
0.0090 ± 0.0010 0.73 ± 0.24 (0.f5) 

aunits are pCi/filter for air samples, pCi/ml for water and pCi/g for soil, tissue 
and vegetation samples. 

bEnvironmental Measurements Laboratory. 

cThese are two sigma errors based on counting statistics or replicate analyses. 

dEML's errors are "standard errors of the mean." 

eThe error in the ratio is calculated as (SM2 + sE 2 )~ where SM and SE are Mound's 
and EML's relative errors. 

fWhere a number in parentheses is given, this is the ratio of the Mound concentration 
to the mean concentration of all of the laboratories participating in the program . 

----------------Quality Assurance 
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Table b - MOUND'S 1983 EPA QUALITY ASSURANCE PROGRAM 
RESULTS FOR WATER ANALYSIS 

Parameter Mound True EPA Acceptance 
Measured Valuea Value Limitsb 

Cadmium 69 ± 3 IJ9/l 75.1 1J9/l 58.0 85.6 \J9/l 

Chromium 58 :!; 13 \.19/l 81.6 1J9/l 59.5 - 102 \.19/1 

Copper 740 :!; 15 \.19/1 718 \.19/1 619 - BOO u9/l 

Nickel 140 ± 13 1J9/l 149 \.19/1 118 i78 IJg/1 

pH 7.16 ± 0.10 7.10 6.95 - 7.26 

Total Suspended 21.5 ± 1.0 m9/l 21.0 m9/l 17.3 24.6 m9/l 
Solids 

Oil and Grease 13.2 ± 1.0 mg/1 13.0 mg/1 8.40 - 16.8 mg/1 

Chemical Oxygen 117 ± 9 mg/1 117 mg/1 92.7 - 131 mg/1 
Demand 

5-Day Biological 66.2 ± 6.0 mg/1 77.3· mg/1 48.5 - 104 mg/1 
Oxygen Demand 

aErrors given here are based on instrument response or replicate measurements. 

bThe range considered acceptable by the EPA. (The calculations used to establish 
this range were not given by the EPA.) 

Table 7 - SUMMARY OF MOUND'S PERFORMANCE IN THE 
WATER/WASTEWATER STANDARDS ROUND ROBIN FOR 1983 

No. of Range of Concentrations 
Parameter Quarters Measured 
Measured Participating (mg/1) -----

Chemical Oxygen 2 25 - 250 
Demand 

Total Organic 1 20 - 100 
Carbon 

Cadmium 3 0.025 - 0.50 

Chromium 3 0.075 - 2.5 

Copper 3 0 .oso - 5.0 

~inc 3 0.025 - 3.75 

Total Suspended 2 56 - 1302 
Solids 

MONSANTO NPDES 

Average Dev~ 
Low Intermediate High 

Level Level Level 

6% 4% 6% 

<1% 8% 4% 

8% 4% 3% 

4% 9% 2% 

13% 3% 5% 

10% 3% 2% 

8% <1% <1% 

aDeviation from Monsanto's reference concentration expressed as a percent. 

Quality Assurance,----------------
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both tritium oxide and plutonium. Ten 

sampling stations are located within a 

1.6 km (1 mi) radius of Mound, and four 

samplers are located in or near popula

tion centers. The remaining sampler 

(#119) is approximately 44.8 km (28 mi) 

from Mound in the least prevailing wind 

direction. This sampler receives no 

measurable contribution from Mound opera

tions and serves as a baseline sample for 

computing environmental levels. 

The levels from sampler #119 are sub

tracted from levels detected at other 

locations. The samplers currently in 

operation are located at critical dis

tances and directions, based on a dif

fusion model developed for Mound. The 

locations of the sampling stations are 

shown in Figure 1. 

Two types of samples are collected at 

each sampling station. One is a par

ticulate air sample for plutonium-238 

analysis, and the other, from a bubbler

type sampler, is for tritium oxide 

analysis. The particulate sample is 

collected on a 200-mm diameter Micro

sorban disk by a continuously operating 

(24 hr/day, 7 days/week) high-volume air 

sampler. The air is sampled at an aver

age rate of 1.3 x 10 6 cml/min (~45 ftl/ 

min. The Microsorban disk is changed 

weekly and represents a sample of 

approximately 13,000 m3 of air. Plu

tonium-238 analyses were performed on a 

monthly composite for three sampling 

locations, #122, #123, and #124, and on 

quarterly composites for the other off

site locations • 

The analytical scheme for plutonium-238 

incorporates the following hasic steps: 

use of an internal tracer, chemical 

treatment, separation of plutonium with 

anion exchange resin, and alpha spec

trometry. 

The average incremental offsite plutoni

um-238 air concentration for all loca

tions was 0.26 x 10-17 ~Ci/ml which is 

0.01% of the DOE RCG. The RCG used for 

comparison is the guide for the soluble 

form of the isotope and for the general 

population. This is the most restric

tive RCG for plutonium-238 and is ap

plied since the solubility of the mea

sured particles in the human body is 

unknown. The analytical results are 

summarized in Table 8. 

Table 9 shows concentrations of plutoni

um-239, 240, and plutonium-238, including 

environmental levels, so that a ratio 

comparison between these radionuclides 

can be made. The ratio is a sensitive, 

qualitative indicator of variations in 

environmental observations. Ratios 

significantly greater than that observed 

at location #119 (~0.2) result from a 

concentration of plutonium-238 in excess 

of that from atmospheric fallout and 

are indicative of the influences of 

Mound operations. Quantitative compari

sons are best made with the DOE standard; 

i.e., percent of standard as shown in 

Table 8. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at 

approximately 3 x 103 cm 3 /min through 

-------------------Air Radioactive 
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Table 8 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1983 

Number Range d Averagea,c,d,e 
of 

Location SamEles ( 10-17 )JCi/ml) (10-17 )JCi/ml) 

101 4 0.03 - 0.13 0.08 ± 0.11 

102 4 0.07- 0. 71 0.26 ± 0.5 

10 3 4 0.15 - 1.26 0.63 ± 0.76 

104 4 0.03 - 1.36 0.41 ± 1.0 

105 4 0.02 - 0.1 0.05 ± 0.1 

108 4 E.L. - 0.02 E.L. 

110 4 E.L. - 0.1 0.04 ± 0.12 

111 4 E.L. - 0.12 0.05 ± 0.14 

112 4 E~L. - 0.06 0.02 ± 0.1 

115 4 E.L. - 0.18 0.05 ± 0.17 

118 4 E.L. - 0.07 0.04 ± 0.1 

122 12 E.L. - 0.94 0.18 ± 0.2 

123 12 0. 23 - 3.31 1. 22 ± 0.63 

124 12 0.14 - l. 27 0.58 ± 0.22 

a . L' . 1L ) f 238 . . f 1 Lower Detect~on ~m~t DL or Pu ~n a~r or quarter y 
samples is 0.03 x lo-1 )JCi/ml. This is 0.0015% of the RCG. 

bRadioactivity Conce~tration Guide (RCG) = 2000 x lo- 17 )JCi/ml 
for the soluble form of 238pu for the general population. 

cError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

eLower Detection Limit (LDL) for 238Pu in air for monthly 
samples is 0.1 x lo-17 uCi/ml. This is 0 .005% of the RCG. 

Percent 

of RCGb 

0.004 

0.01 

0.03 

0.02 

0.003 

0.002 

0.003 

0.001 

0.003 

0.002 

0.009 

0.06 

0.03 

200 ml of ethylene glycol. Ethylene 

glycol is used because this material 

eliminates evaporation and freezing 

problems associated with sample collec

tion (5]. Tritium (oxide) in the air 

is collected in the solution. Tritium 

oxide rather than elemental tritium is 

sampled and analyzed because 60 to 70% 

of the tritium emission is in the oxide 

form, and the RCG for the oxide is 200 

times more restrictive than it is for 

elemental tritium [6]. A sample repre

senting ~30 m3 of air is collected, and 

an aliquot representing 0.15 ml is 

counted in a liquid scintillation spec

trometer. The average incremental con

centration of tritium oxide measured 

during 1983 for all offsite locations, 

not including the environmental level 
-11 found at sampler #119, was 1.4 x 10 

~Ci/ml. This concentration is 0.02% of 

the RCG. The RCG used for comparison is 

• 

• 
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Table 9 - CONCENTRATIONS OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1983 

i 
I 
I 
I 

239, 240Pu 238Pu I 
Number a b a b I 

Range I 

of Average ' Average ' Ratio ! 

Location SamEles (10-17 "~.~Ci/ml) (10-17 "~.~Ci/ml) (10-17 "~.~Ci/ml) 238Pu/239,240Pu ; 

101 4 0.06 - 0.91 0.29 ± 0.65 0.1 ± 0.06 0. 34 

102 4 0.06 - 0. 7l 0.24 ± 0.49 0.28 ± 0.49 1.17 

103 4 0.07 - 0.76 0.25 ± 0.54 0.65 ± 0.75 2.6 

104 4 0.06 - 0.69 0.23 ± 0.49 0.43 ± 1.0 1. 87 

105 4 o.os - 0.76 0.25 ± 0.54 0.07 ± 0.05 0.28 

108 4 0.06 - 0.52 0.19 ± 0.35 0.02 ± 0.03 0.11 

110 4 0.02 - 0.63 0.21 ± 0.45 0.06 ± 0.08 0.29 

111 4 0.07 - 0.48 0.19 ± 0.32 0.07 ± 0.11 0.37 

112 4 0.03 - 0.8 0.25 ± 0. 59 0.04 ± 0.05 0.16 

115 4 0.03 - 0.66 0.22 ± 0.46 0.07 ± 0.14 0.32 

118 4 0.06 - 0.96 0.31 ± 0.68 0.06 ± 0.05 0.19 

119 4 0.03 - 0.2 0.1 ± 0.13 0.02 ± 0.09 0.2 

122 12 0.002 - 0.89 0.15 ± 0.4 0.2 ± 0.18 1.33 

123 12 N.D.c- 2.05 0.27 ± 0.91 1.24 ± 0~62 4.59 

124 12 0.03 - 2.21 0.~8 ± 0.97 0.6 ± 0.2 2.14 

aL . . . ( ) f 2;39, 24 0 . . 1 ower Detect1on L1m1t LDL or Pu 1n a1r for samp ers 101 
through 119 is 0.02 x lo-17 "~.~Ci/ml, and the LDL ~S~ samplers 122 
through 124 is 0.3 x lo-17 "~.~Ci/ml. The LDL for Pu is 0.03 x 
lo-17 "~JCi/ml for samplers 101 through 119 and 0.1 x lo-17 "~.~Ci/ml 
for samplers 122 through 124. 

bError limits are estirna tes of the standard error of the estimated 
means at the 95% confidence level. 

cNot detectable. (Values cannot be detected above reagent blanks.) 

the most restrictive RCG for tritium for 

the general population. The results are 

summarized in Table 10. Environmental 

levels for plutonium-238 and tritium in 

air as measured at sampler #119 are 

shown in ·Table 3. 

An onsite perimeter network consisting 

of five continuou~, high-volume air 

samplers is used to further assess the 

effectiveness of stack emission control 

systems. The onsite sampling locations 

are shown in Figure 4. Particulate sam

ples and tritium samples are collected 

by the onsite samplers at approximately 

the same flow rate as the offsite sam

plers and are analyzed in the same man

ner • 
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Table 10- INCREMENTAL CONCENTRATIONS OF TRITIUM 
OXIDE IN AIR AT OFFSITE SAMPLING LOCATI~NS IN 1983 

Tritium Oxide 
Number d Averagea,c,d 

of RaQge Percent 

Location SamEles (10-ll J.JCi/ml) (lo""ll J.JCi/ml) of RCGb 

101 51 E.L. - 6.82 2.53 :!: .0.61 0.04 

1.02 51 E.L. - 9.73 2.6 :!: 0.63 0.04 

103 48 E.L. - 10.2 1.97 :!: 0.67 0.03 

104 49 E.L. - 4.56 0.78 :!: 0.42 0.01 

105 49 E.L. - 3. 9 5 0.77 :!: 0.43 0.01 

108 51 E.L. - 2.88 0.45 ± 0.38 0.006 

110 50 E.L. - 4.5 0.24 ± 0.62 0.003 

111 51 E.L. - 3.54 0.46 :!: 0.39 0.007 

112 52 E.L. - 2.9 0.73 ± 0.39 0.01 

115 51 E.L. - 1.52 0.02 ± 0.34 0.0003 

118 so E.L. - 5.35 0.75 ± 0.43 0.01 

122 50 E.L. - 17.2 2.15 ± 0.8 0.03 

123 52 E.L. - 19.7 3.07 ± .1.06 0.04 

124 51 E.L. - 26.6 3.26 ± 1. 23 0.05 

aLower Detection Limit (LDL) for tritium oxide in air is 0.4 x lo- 11 

J.JCi/ml which is 0.003% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 x 10-ll J.JCi/ml 
. for the general population and for soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

The average incremental plutonium-238 

concentration measured for all locations 

onsite is 2.5 x 10- 17 ~Ci/ml, which is 

0.04% of the RCG. The results are sum

marized in Table 11. Table 12 presents 

onsite concentrations of plutonium-239, 

240, and plutonium-238, including en

vironmental levels, so that a ratio com

parison between these radionuclides can 

be made. The quantity of plutonium-238 

discharged to the atmosphere during 

1983 was 0.004 mCi. 

The average incremental onsite tritium 

oxide concentration for all locations 

was 3.3 x 10-11 ~Ci/ml, which is 0.02% 

of the RCG. I The results are summarized 

in Table 13. 

discharged to 

was 4293 Ci. 

The quantity of tritium 

the atmosphere during 1983 

The RCGs used for o~site 

• 

• 
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Location 

211 

212 

213 

214 

215 

Table ll - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1983 

Number Range 
d Averagea,c,d 

of 
SamEles (10-17 1JCi/m1) (10-17 1JCi/m1) 

12 0.76 - 11.4 2. 9 4 ± 1.89 

12 0.25 - 1.07 0.6 ± 0.24 

12 3.84 - 15.1 7.42 ± l. 74 

12 0.33 - 2.93 1.32 ± 0.54 

12 0.13 - 0.6 0.27 ± 0.13 

aLower Detection Limit (LDL) for 238Pu in air is 0.1 x lo-17 

lJCi/ml which is 0.001% of the RCG. 

bRadioactivity Concentration Guide (RCG) 7000 x lo-17 lJCi/ml 
for the soluble form of plutonium-238 for individuals in the 
population. 

Percent 

of RCGb 

0.04 

0.009 

0.11 

0.02 

0.004 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

d Average environmental level (E.L.) subtracted from data. 

~---------Table 12- CONCENTRATION.OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT ONSITE SA1@LING LOCATIONS IN 1983 

239,240Pu· 238Pu 
Number a b · a b 

Ratio 
of 

Range Average ' Average ' 

Location SamEles (10-17 lJCi/ml) ( l0-l7 lJCi/ml) (10-17 lJCi/ml) 238Pu/239,240Pu 

211 12 0.03 - l. 35 0.23 ± 0.23 2.96 ± 1.89 12.9 

212 12 0.04 - 1.55 0.23 ± 0.27 0.62 ± 0.22 2.7 

213 12 0.03 - l. 78 0.3 ± 0.3 7.44 ± l. 74 24.8 

214 12 0.02 - 1.51 0.22 ± 0.27 l. 34 ± 0.53 6.09 

215 12 0.01 - 1.41 0.19 ± 0.25 0.29 ± 0.09 l. 53 

aLower Detection Limit (LDL) for· 239 • 240 Pu in air is 0.03 x l0-17 lJCi/ml.. 
The LDL for 238pu is 0.1 x lo-17 lJCi/ml. 

bError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 
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Table 13 - INCREMENTAL CONCENTRATION OF TRITIUM 
OXIDE IN AIR AT ONSITE SAMPLING LOCATIONS IN 1983 

Tritium Oxide 
Number Ranged Averagea,c,d Percent of 

Location SamEles ( 10-11 lJCi/ml) (10- 11 ]..ICi/ml) of RCGb 

211 49 E.L. - 12.0 3.53 ± 0.88 0.02 

212 49 E.L. - 15.8 3.21 ± 0.81 0.02 

213 46 E.L. - 22.5 4.25 ± l. 21 0.02 

214 52 E.L. - 44.5 3.43 ± l. 84 0.02 

215 51 E.L. - 17.3 2.12 ± 0.86 0.01 

aLower Detection Limit (LDL) for tritium oxide in air is 0.4 x 10-ll 
]..ICi/ml which is 0.003% of the RCG. 

bRadioactivity Concentration Guide (RCG) 20,000 x 10-ll ]..ICi/ml 
for individuals in the population and soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data • 

comparison are those applicable for ~x

posed individuals in the population. 

Air- Nonradioactive 
The primary source of nonradioactive air

borne emissions is the Mound steam power 

plant. This plant is normally fueled 

with natural gas, but has the capability 

to burn fuel oil. During unusually cold 

weather, if the natural gas supply to 

Mound is interrupted, fuel oil with <1% 

sulfur content is burned. Approximately 

138,000 gal of fuel oil was burned during 

1983. 

Additional sources of airborne emissions 

are as follows. A waterwash, paint spray 

booth is operated intermittently in the 

Mound paint shop. Wastes from operations 

involving explosives are disposed of by 

open burning under a permit issued by 

the Regional Air Pollution Control 

Agency (RAPCA) • Fire-fighter training 

exercises are held at an open outdoor 

facility under a burning permit issued 

by RAPCA. 

_Emissions from sources and the applica

ble emission standards are summarized in 

Table 14. The emissions were estimated 

from emission factors established by the 

U.S. EPA [7]. Nonradioactive airborne 

emissions at Mound were all within appli

cable standards and had minimal impact 

on ambient air quality. This is further 

demonstrated by the particulate concen

tration data summarized in Tables 15 and 

16 • 

------------------Air-Nonradioactive 
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Table 14 - NONRADIOACTIVE AIRBORNE EMISSIONS 1983 

Emission Emission a 
Source Pollutant Emission Standard 

Powerhouse Particulates 0.017 lb/10 6 Btu 0.2 lb/10 6 Btu 
Input 

Powerhouse Sulfur Oxides 0.012 lb/10 6 Btu 1.6 lb/10 6 Btu 
Input 

Paint Shop Organics 0.40 lb/C.ay 40 lb/day 

Explosives Particulates 12 lb NA 
Burning 

Fire Fighter Particulates 110 lb NA 
Training 

aOhio EPA Air Pollution Regulations 3745-17-01 through 3745-17-13 
and 3745-21-01 through 3745-21-08. 

NA - not applicable. 

% of 
Standard 

8.5 

0.75 

1 

NA 

NA 

• 

The data presented are weekly particu

late concentrations measured at Mound's 

offsite and onsite air-sampling sites. 

The part~culate concentration at onsite 

locations is somewhat lower than at 

offsite l'ocations. The particulate 

concentration also appears to be inde

pendent of distance from Mound. This 

would suggest no iPfluence from Mound 

operations. For comparison purposes, 

the State of Ohio - Ambient Quality 

Standard for airborne particulates is 

also givPn in Table 15. 

normally collected and filtered in the 

field at these locations five days per 

week, and are subjected to specific 

analyses for plutonium-238 and tritium . • 

Water · Radioactive 
Water sampling locations along the banks 

of the Great Miami River were selected 

according to guidelines recommended by 

the u. s. EPA [8]. The locations, shown 

in Figure 5, provide samples that are 

representative of river water after 

considerable mixing of the effluent from 

Mound has occurred. Water samples are 

Large-volume water samples are analyzed 

by compositing daily samples for a quar

terly analysis. The average incremental 

concentration of plutonium-238 measured 

for all locations in the Great Miami 

River was 0.16 x 10- 12 uCi/ml which is 

0.000008% of the RCG for the general 

population, the most restrictive stan

dard for plutonium-7.38. These results 

are summarized in Table 17. 

Weekly samples are analyzed for tritium. 

The average incremental concentration of 

tritium measured at all locations in the 
-6 Great Miami River was 0.01 x 10 uCi/ml 

which is 0.001% of the RCG for the 

general population.' These results are 

summarized in Table 18. 

Air-Nonradioactive----------------- • 
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Table 15 - 1983 WEEKLY PARTICULATE 
CONCENTRATION DATA OFFSITEa 

Number Range Average of 
Location Samples (1Jg/m3) 3 b 

(1!9:/m ) 

101 52 31 - 216 105 

102 52 11- 165 78 

103 52" 8 - 115 63 

104 50 29 - 174 86 

105 52 22 - 116 62 

108 52 47 - 154 98 

110 52 27 - 234 74 

111 50 26 - 394 104 

112 52 37 - 180 

115 51 28 - 229 

118 52 37 - I45 

119 52 17 - 202 

122 52 18 - 93 

123 52 34 - 296 

124 52 31 139 

aOhio Ambient Air Quality Standard 3 
= 60 \.lg/m . 

bError limits are estimates of the standard error 
of the estimated means at the 95% confidence level. 

These data are obtained by the Mound air monitoring 
program and are indicative only of the particulate 
air loading of the Dayton metropolitan area. Mound 
particulate discharges presented in Table 14 make a 
negligible contribution to the surrounding area. In 
addition, Table 16 presents onsite particulate data. 

73 

80 

84 

57 

51 

81 

75 

± 12 

± 9 

± 6 

± 9 

± 6 

± 8 

± 10 

± 20 

± 7 

± 13 

± 8 

± 8 

± 5 

± 11 

± 8 

Table 16 - 1983 WEEKLY PARTICULATE CONCENTRATION DATA ONSITE 

Number Range Average 
of 3 3 a 

Location Samples (\.lg/m ) (\.19:/m ) 

211 50 12 - 339 73 ± 13 

212 52 4 - 305' 67 ± 12 

213 51 21 - 265 117 ± 14 

214 52 4 - 136 57 ± 7 

215 52 7 - 95 53 ± 6 

aError limits are estimates of the standard error of 
the estimated means at the 95% confidence level • 
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FIGURE 5 - Offsite water sampling locations. 

Water-Radioactive ----------------

24 

• 

• 

• 



• 

• 

• 

~-----------------Table 17 - INCREMENTAL CONCENTRATION OF 
PLUTONIU~238 IN THE GREAT MIAMI RIVER IN 1983 

Plutoniwn-238 
Number 

of 
Location SamEles 

a 
Ranged 

(10-12 IJCi/ml) 

Averageb,d,e 

(10-12 IJCi/ml) 

Percent 

of RCGc 

1 4 E.L. - 0.4 E.L. 

2 4 E.L. -
3 4 E.L. -
4 4 E.L. -

0.9 0.1 

1.4 0.6 

0.4 0.1 

:!: 

:!: 

± 

1.3 

1.1 

0.5 

0.000005 

0.00003 

0.000005 

5 4 E.L. - 0.7 E.L. 

aComposite large volume water samples for each location from water 
collected during 1983. 

bLower Detection Limit (LDL) for 238Pu in water is 0.2 x 10- 12 

IJCi/ml which is 0.00001% of the RCG. 

cRadioactivity Concentration Guide (RCG) = 2,000,000 x l0-12 IJCi/ml 
for the general ·population and the soluble form of plutonium-238. 

dAverage environmental level (E.L.) subtracted from data. 

eError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

Table 18 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN THE GREAT MIAMI RIVER IN 1983 

Tritium 
Number Range d Averagea,c,d Percent of 

Location SamEles 
-6 (10 IJCi/ml) (10- 6 1JCi/ml) of RCGb 

1 11 E.L. - 0.14 E.L. 

2 11 E.L. - 0.48 0.01 :!: 0.15 

3 11 E.L. - 0.21 E.L. 

4 11 E.L. - 0.2 0.03 ± 0.13 

5 11 E.L. - 0.26 0.01 :!: 0.11 

aLower Detection Limit (LDL) for tritium in water is 0.2 x 10-6 

IJCi/ml which is 0.04% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared 
to tritium concentration in water not used for drinking purposes 
= 1000 x lo-6 IJCi/ml for the general population and the soluble 
form of tritium. 

0.001 

0.003 

0.001 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data . 
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Uranium-233, 234, and 238 were also 

monitored at the rivPr water sampling 

locations during 1983. The average 

incremental concentrations of uranium-

233, 234, were 0.08 x 10-lO uCi/ml which 

is 0.0008% of the RCG. Uranium-238 was 

at the environmental level shown in 

Table 3. In addition, as shown in Table 

19, the ratio of uranium-233, 234 to 

uranium-238 is slightly greater than 

unity, which is in range of background 

ratios reported [9]. This is expected 

~~ ~ result of secular equilibrium. 

The total amounts of plu~onium-238, tri

tium, and uranium-233, 234 discharged to 

the Great Miami River during 1983 were 

1.0 mCi, 7.94 Ci, and 0.5 mCi, respec

tively. These concentrations were 0.02%, 

0.24% and 0.002% of the most restrictive 

RCG for individuals in the population. 

Seven additional surface water locations, 

such as ponds, in ~11 quadrants surround

ing Mound as shown in Figure 5 are sam

pled quarterly for plutonium and tritium 

analyses. The samples used for plutoni

um-238 determinations are also large 

volume water samples. The large volume 

of sample increases the sensitivity of 

the analysis for plutonium. A smaller 

aliquot (10 ml) is taken which is ade

quate for the tritium analysis. The 

average concentrations of plutonium-238 

and tritium for all locations were 0.9 x 

10- 12 uCi/ml and 0.2 x 10-6 uCi/ml, 

respectively, which are 0.00005% and 

0.02% of the respective RCG for the 

general population. The results of the 

surface water samples are summarized in 

Tables 20 and 21. Environmental levels 

(Table 3) have been subtracted from the 

concentration of plutonium and tritium 

in water. • Drinking water from communities in t~e 

surrounding area is sampled and analyzed 

quarterly for tritium. These communities 

and their relative locations are shown 

in Figure 1. The average concentr~tion 

of tritium for all locations was 0.3 x 

10-6 uCi/ml which is 2% of the standard 

adopted by the U. S. EPA in ~977 for 

community drinking water systems. Data 

from the analyses of community drinking 

water samples are summarized in Table 22. 

The environmental level in Table 3 for 

tritium in water is not subtracted from 

these data. 

Drinking water from private wells are 

also analyzed ·for tritium. The average 

concentration of tritium for all private 

well locations was 6.3 x 10-6 uCi/ml 

which is 32% of the U. s. EPA Standard. 

These data are shown in Table 23. • 

Three private wells and Miamisburg city 

water were sampled and analyzed quarter

ly for plutonium-238. These samples 

were also large-volume water samples. 

The average incremental plutonium-238 

concentration for these locations was at 

the environmental level and represents 

0.0001% of the RCG. These results are 

shown in Table 24. 

Water - Nonradioactive 
Mound discharges an average of 0.83 mil

lion gallons of water per day ~o the 

Great Miami River. Nonradioactive pol

lutants in thi~ effluent water are regu

lated by a National Pollutant Discharge 

Elimination System (NPDES) permit. This 

Water-Radioactive----------------- • 
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r------------------ Table 19 - INCREMENTAL CONCENTRATION OF 233 • 234 u AND 
238

u IN THE GREAT MIAMI RIVER IN 1983 

233,234u 238u 

Number 
Range 

a Averagea,b,c,e Percent Range 
e Averagea,b,c,e Percenl: 

of 
:::>cation Sam[!lesa (10-10 I!Ci/m1) (10-10 I!Ci/ml) of RCGf (10-10 JJCi/m1) ( 10-10 JJCit::ml l of RCGg 

1 4 E.L. - 2.6 0.4 ! 2.9 0.004 E.L. - 1.4 E.L. 

2 4 E.L. - 0.3 E.L. E.L. E.L. 

4 E.L. - 0.3 E.L. E.L. E.L. 

4 4 E.L. 0.1 E.L. E.L. E.L. 

5 4 E.L. - 0.8 E.L. E.L. - 0.2 E.L. 

aComposite· large volume water samples for each location. 

bLower Detection Limit (LDL) for 233 • 234 u and 238 u in water is 0.08 x 10-lO JJCi/ml and 0.06 x lo- 10 JJCi/ml, 
respectively. 

cError limits are estimates of the standard error of the estimated means at the 95\ confidence level. 

dA ratio slightly greater than unity indicates naturally occurring uranium Ill). Does not have 
environmental levels subtracted. 

eAve=age environmental level (E.L.) subtracted from data. 

fDOE Concentration Guide (RCG) for 233 • 234 u 10,000 x 10-lO uCi/ml for the general population. 

gDOE Concentration Guide (RCG) for 
238

u 2,000 x l0-10 JJCi/ml 'tor the general population. 

• 

Ratio 
d 

233,234u/3Bu 

1.1 

1.1 

1.2 

1.1 

1.1 



Table 20 - INCREMENTAL CONCENTRATION OF -----------------------
PLUTONiu~-238 IN SURFACE WATER IN 1983 • Plutonium-238 

Number d e 
of Range ' 

Location SamJ2les 
a ( 10-l2 uCi/ml) 

11 4 E.L. - 16.2 

12 4 E.L. - 0.6 

13 4 E.L. - 3.2 

14 4 0. 2 - 1.8 

15 4 E.L. - 1.1 

16 4 E.L. - 0.3 

17 4 E.L. - 1.1 

Averageb,d,c,e 

( 10-12 uCiiml) 

4.4 ± 12.4 

E.L. 

0.8 ± 2.6 

0.7 ± 1.3 

0.5 ± 1.2 

E.L. 

0.1 ± 1.4 

Percent 

of RCGc 

0.0002 

0.00004 

0.00004 

0.00003 

0.000005 

I 
i 
! 
I 

aComposite large ~olume water samples were used for each location. 

bLower Detection Limit (LDL) for 238Pu in water is 0.2 x l0-12 uCi/ml 
which is 0.00001%.of the RCG. 

I 
I 
I 

cRadioactivity Concentration Guide (RCG) for 238Pu in water = 2,000,000 
x lo-12 uCi/ml for the general population and soluble form of plutonium-238. 

dError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

e Average environmental level (E.L.) subtracted from data. • 
permit, issued by Region V of the U. s. 
EPA, requires Mound to charRcterize 

their effluent water by analyzing 

samples collected at four onsite loca

tions. 

A 24-hr composite, flow proportional 

sample, and grab sample are collected 

from discharges 001-A, 001-B, and 002. 

Discharge 001-A contains the effluP.nt 

from the sanitary sewage treatment plant. 

Discharge 001-B includes storm water run

off, single-pass cooling water, zeolite 

softener backwash, boiler-plant blowdown, 

and discharge from the radioactive waste 

disposal facility. Discharge 002 con

sists of single-pass cooling water, cool

ing tower blowdown, zeolite softener 

backwash, and most of the storm water 

runoff. An 8-hr composite, time propor

tional sample is collected from discharge 

001-C, the effluent from the electroplat

ing facility. The water samples are 

analyzed for water quality parameters 

according to standard methods [11]. The 

results of effluent analyses for 1983 are 

summarized in Table 25. 
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Table 21 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN SURFACE WATER IN 1983 

Tritium 
Number 

Range d Averagea,b,d Percent of 
Location Samples ( 10- 6 IJCi/ml) (10- 6 IJCi/ml) of RCGc 

10 l4 E.L. - 0.33 0.07 ± 0.09 0.007 

11 21 E.L. - 0.25 0.03 ± 0.07 0.003 

12 22 E.L. - 0.22 0 .03 ± 0.06 0.003 

13 23 E.L. - 0. 29 0 .11 ± 0.07 0.01 

l4 21 E.L. - 0.58 0.28 ± 0.08 0.03 

15 20 E.L. - 0.49 0.23 :!: 0.09 0.02 

16 23 E<L. - 0.24 0. 0 3 :!: 0.09 0.003 

17 23 0.13 - 0.73 0.4 :!: 0.09 0.04 

a . 
Lower Detection Limit (LDL) for tritium in water is 0.2 X 10 -6 

IJCi/ml which is 0.01% of the RCG~ 

bDOE Radioactivity Concentration Guide (RCG) which is compared to 
tritium concentration in water not used for drinking purposes = 
1000 .x 10-6 IJCi/ml for the general population and soluble form 
of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level • 

d Average environmental level (E.L.) subtracted from data. 

The EPA additionally requires Mound to 

monitor the flow from two wells which 

are periodically pumped as a part of the 

Potable Water Standards Project. Ap

proximately 24 million gallons were dis

charged from one of these wells, dis

charge 003, in 1983. No water was dis

charged from the other well, discharge 

004. 

A total of 1402 NPDES analyses were per

formed in 1983. From these measurements, 

an effluent parameter exceeded its maxi

mum discharge limit 32 times. Mound 

effluents Additionally exceeded monthly 

average limits 13 times in 1983. The 

increased solids content in Mound's ef

fluents from storm runoff after rain and 

snow precipitation was responsible for 

31 suspended solids exceptions. 

Maintenance operations were responsible 

for seven of the exceptions: 'blowdown 

from a chilled water loop and a boiler 

caused two suspended solids exceptions 

and two pH exceptions, respectively. 

Cleaning electroplating equipment caused 

two copper exceptions. A residual chlo

rine exception occurred from backflush

ing a water softening system. The resin 

------------------Water-Nonradioactive 
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Table 22 - SUMMARY OF TRITIUM LEVELS IN 
COMMUNITY DRINKING WATER IN 1983 • ·Tritium 

Number 
Range d Averagea,c,d Percent of 

Locations SamEles (10- 6 vCi/ml) (10- 6 !;!Ci/ml) Standardb 

Bellbrook 3 0.15 - 0.23 0.2 ± 0.1 1.0 

Centerville 4 0.007 - 0.28 0.1 ± 0.2 0.5 

Dayton 4 0.09 - 0.28 0.2 ± 0.2 1.0 

Franklin 4 0.26 - 0.42 0.3 ± 0.1 1.5 

Germantown 4 0.12 - 0.3 0.2 ± 0.1 1.0 

Kettering 4 0.2 - 0.49 0.3 ± 0.2 1.5 

Miamisburg 3 0.66 - 1.7 1.1 ± 1.4 5.5 

Middletown 3 0.11 - 0.35 0 .2 ± 0.3 1.0 

Moraine 4 0.24 - 0.41 0.3 ± 0.1 1.5 

Springboro 4 0.15 - 0.63 0.3 ± 0.3 1.5 

Waynesville 4 0.13 - 0.34 0.2 ± 0.1 1.0 

West Carrollton 4 0.26 - 0.46 0.4 ± 0.1 2.0 

aLower Detection Limit (LDL) for tritium oxide is 0.1 ~ 10- 6 vCi/ml which 
is 0.5% of the EPA Standard for community drinking water. 

bEPA Drinking Water Standard for tritium = 20 x 10- 6 vCi/ml for community 
drinking water systems. • cError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

dEnvironmental level is included in these data for comparison to the EPA 
Standard. 

in the softeners are rinsed with tap 

water containing a trace of chlorine to 

assure bacteria~ disinfection qf the 

resin. 

Two exceptions resulted after equipment 

malfunctions: a check valve stuck open 

during the filling of a water tower. 

The spilled_water washed mud into efflu

ent 002 which caused a suspended solids 

exception. A fecal coliform exception 

occurred at the sewage treatment plant, 

effluent OOlA, when the chlorine feeder 

malfunctioned. A ten-gallon spill of #2 

fuel oil into a storm sewer caused -an oil 

and grease exception. The pr~mary causes 

of four exceptions, three suspended 

solids and one residual chlorine, are 

unknown. 

In summary, the number of maximum excep

tions represents 2% of the NPDES measure

ments in 1983. Over half of these maxi

mum exceptions and all of the average 
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Table 23 - TRITIUM IN PRIVATE WELLS IN 1983 

Tritium 
Number Rangee Averagea,b,d,e -

of Percent 

Location SamEles {10- 6 1JCi/ml) {10- 6 IJCi/ml) Standardc 

B-1 47 3.9 - 7.5 5.6 ± 0.2 28 

B-3 12 5.8 - 9.1 7.4 ± 0.7 37 

J-1 13 3.1 - 4.4 3.7 ± 0.2 19 

B-R 43 5.0 - 13 8.0 ± 0.5 40 

B-H 46 5.2 - 9. 5 6.9 ± 0.3 35 

aAll wells are now in compliance with the new EPA Standard of 
20 x lo-6 IJCi/ml. 

b -6 Lower Detection Limit {LDL) for tritium in water is 0.2 x 10 
IJCi/ml which is 1% of the EPA Standard. 

cEPA Standard for tritium in community drinking water systems 
= 20 x lo-6 IJCi/ml. Mound is using the EPA Standard as a guide 
for the private water supplies. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

eEnvironmental level is included in these data for comparison to 
the EPA Standard • 

exceptions were caused by runoff from 

rain and snow. The combined discharge 

from all of Mound's effluents containing 

storm runoff averaged 81 kg per day of 

suspended solids during 1983. This rep

resents a solids erosion equivalent to 

about one pound per acre per day. 

According to data obtained from the U. S. 

Geological Survey, the flow rate of the 

Great Miami River in 1983 averaged 1320 

million gallons per day (MGD) with a 

minimum and maximum of 223 MGD and 

14,730 MGD, respectively. The above 

exceptions had no adverse impact on the 

Great Miami River. In addition, a review 

of the data in Table 25 shows that Mound 

effluents did not cause the Great Miami 

River to exceed Ohio Stream Standards. 

Foodstuffs and Vegetation· Radioactive 
Various locally grown foodstuffs and 

vegetation samples are collected from 

the surrounding area. The intent of 

this portion of the Environmental Moni

toring Program is to determine whether 

there is any significant uptake and con

centration of radionuclid-es by plant or 

animal life. Samples were collected in 

Miamisburg, Centerville, and Bellbrook. 

Centerville and Bellbrook are in the 

prevailing wind direction from Mound at 

a distance of 8 km (5 mi) and 16 km (10 

mil, respectively. Both communities are 
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Table 24 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN PRIVATE 
WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1983 --, 

I 

Plutonium-238 I 
Number Range e Averageb 'd' e 

of 
Location SamEles 

a (10-12 )JCi/ml) (10-12 )JCi/ml) 

Percent 

of RCGc I 
Miamisburg 4 E.L. E.L. 

B-1 4 E.L. - 0.2 E.L. 

B-3 4 E.L. E.L. 

J~l 4 E.L. E.L. 

aComposite large volume water samples were analyzed from each location 
from water collected during 1983. 

bLower Detection Limit (LDL) for 238Pu is 0.2 x lo- 12 IJCi/ml which is 
0.00001% of the RCG. 

cApplicable DOE Radioactivity Concentration Guide (RCG) for 238Pu in 
water = 2,000,000 x 10-12 IJCi/ml for the general population and soluble 
form of plutonium-238. 

dError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

eAverage environmental level (E.L.) subtracted from data and is 0.0001% 
of the RCG. 

shown in Figure 1. Fish were collected 

in the Great Miami River. Mound's out

falls are shown as dotted lines in 

Figure 5. The plutonium-238 content of 

the foodstuff and vegetation samples is 

determined by ashing the samples, then 

proceedinq with thP. same techniques used 

for plutonium-238 analyses of air samples 

(see section on Air.- Radioactive). The 

tritium content of the foodstuff and 

vegetation samples is determined by dis

tilling the water from the sample, then 

analyzing the distillate for tritium. 

The results of the foodstuff, vegetation, 

and fish analyses are summarized in 

Tables 26 and 27. The concentration is 

given in terms of the sample weight (wet 

weight) before ashing or distilling. 

The samples of aquatic life analyzed 

included only the edible, fleshy por

tions of fish. These analyses indicate 

no evidence of any significant uptake or 

concentration by plant or animal life of 

the radionuclides handled at Mound. 

Environmental levels for foodstuffs and 

vegetation have been subtracted from the 

data (Table 3). 

SUt- Radioactive 
Silt samples were collected from the 

river and surface water sa~ple locations 

shown in Figure 5. 

• 

• 
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Table 25 - NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM DATA FOR 1983 

Number NPDES Permit Limits 
of Annual 

Haximumb 
Monthly 

Parameter Units Samples Minimum Maximum Average Average 

Disct.arse 001-A 

Flo~o· Ratea MGD Cont. 0.04 0.16 0,09 c c 

pH pH units 247 7.1 8.4 9.0 c 

Bioc:tem. o2 Demand mg/1 (kg/day) 94 1.0 (0.3) 7.9 ( 2. 4) 3.4 (1. 2) 15 ( 14. 2) 10.0 (4. 9) 

SusFended Solids mg/1 (kg/day) 100 2.6 (0.9) 17.6 ( 7. 3) 9.0 ( 3. 4) 30 ( 28. 4) 15 ( 7. 4) 

Fecal Coliform MPN/100 ml 96 23 16,000 172 2000 1000 

Discharse ·ool-B 

Flow Rate MGD Cont. 0.02 0.39 0.08 -c c 

pH pH units 101 7.2 9.4 9.0 -c 

SUSF· Solids (Oct-Mar) mg/1 (kg/day) 48 1.3 (0. 2) 26.3 (6.5) 11.6 ( 3. 2) 30 ( 11.4) 20 (7 .6) 

Susp. Solids (Apr-Sept) mg/1 (kg/day) 50 1.7 (0 .4) 40.7 (23.5) 12.5 ( 5. 3) 50 ( 19. 0) 20 (7. 6) 

Dissolved Solids mg/1 19 '715 18,600 7200 c -c 

Grease and Oil mg/1 12 0.2 64.0 3,7 10 c 

Residual Chlorine mg/1 99 < 0.02 0. 20 < 0.02 0.02 c 

Chemical o2 Demand mg/1 12 < 4.0 120 29.0 c c 

Discharse 001-C 

Cyanide mg/1 50 < 0.04 0.36 < 0.04 l.O c 

Chro:nium mg/1 50 < 0.01 0.20 0.04 0.5 -c 

Cadmium mg/1 50 < 0.01 0,08 0.02 0.1 c 

Nickel mg/1 50 0.01 0.50 0.12 0.5 c 

Copper mg/1 50 0.05 0.62 0.17 0.5 c 

Dischar11e 002 

Flow Rate MGD Cont. 0,19 1. 55 0.66 c c 

pH pH units 38 7.8 8.5 9.0 c ., 
§. Suspended Solids mg/1 (kg/day) 102 4.7 ( 7 .6) 184 ( 1080) 26.6 ( 78. 2) 30 (91) 15 (34) 

Dissolved Solids mg/1 (kg/day) 24 44 2 (1250) 1465 ( 4 720) 901 (2560) 2000 (6065) 1500 ( 3412) 

~ 
Grease and Oil mg/1 12 0.1 0.9 0.4 10 c 

Residual Chlorine rng/1 98 < 0.02 < 0.02 < 0.02 0.02 c 

= {I) 

~ 
8 Includes flow from Discharge 001-c. The maximum flow from 001-C is approximately 2000 gal/day. 

c. bl'll has a minimum limit of 6.5 and a maximum limit of 9.0. 

<:: cf'o 1 imi t applicable. 
cZ 
!l 

w ~ 
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Location 

Miamisburg 

Centerville 

Bellbrook 

Mound 
{outfall 

to river) 

Table 26 - INCREMENTAL PLUTONIUM-238 IN 
FOODSTUFFS AND VEGETATION IN 1983 

Plutoniurn-23'8 
Type Number Range a Averagea,b,c 
of of 

Sa!!!Ele SamJ2les { 10- 6 
11Ci/9:l (10- 6 

f::!Ci/9:) 

Grass 8 0.0002 - 0.051 0.019 ± 0.017 

Potatoes 4 E.L. E.L. 

Grass 8 E.L. - 0.002 0.0002 ± 0.0007 

Potatoes 4 E.L. - 0.0008 E.L. 

Grass 8 E.L. - 0.0004 0.0001 ± 0.0003 

Potatoes 4 E.L. - 0.0003 E.L. 

Fish 8 E.L. - 0.002 0.0004 ± 0.001 

aAverage environmental level (E.L.) subtracted from data. 

bError limits are estimates of the standard error of the estimated 
means at the 95% confidence leveL 

(LDL) for plutonium-238 in grass samples is 
LDL for plutoniurn-238 i'n potato samples is 
LDL for plutonium-238 in fish samples is 

• 

CLower Detection Limit 
0.0001 X 10-6 ~Ci/g. 
0.0002 X 10-6 ~Ci/g. 
0.0003 X 10-6 ~Ci/g. • 

The results of the silt sample analyses 

are found in Tables 28 and 29. 

Evaluation of dose 
commitment to the publlc 
A dose assessment was performed for ra

dionuclides in the environment from 

Mound opP.rations. These radionuclides 

are plutonium-238 and tritium. Tritium 

(oxide) is the only radionuclide at 

Mound for which the critical organ is 

the whole body. The critical organs for 

plutonium-238 are assumed to be the lung 

for insoluble material and the bone for 

soluble material. The solubility of 

plutonium-238 in the receptor is unknown 

at Mound1 however, it is highly probable 

that most of the plutonium-238 is in the 

oxide form, which is very insoluble. In 

order to provide a realistic but con

servative dose commitment estimate, it 

is assumed that 50% of the plutonium-238 

is insoluble and 50% is soluble. The 

model used for soluble plutonium results 

in a higher dose estimate than that for 

the i~soluble material. This technique 

remains conservative, since it is 

expected that most of the plutonium-238 

is insoluble. 

Sih-Radioactive • 
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Table - 27 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN VEGETATION IN 1983 

Tritium-
Type Number Range c Averagea,b,c,d 
of of 

Location Sample Sam:eles {10- 6 
!:!Ci/sl {10- 6 

]JCi/sl 

Miamisburg Grass 8 6.4 - 12.0 9.2 ± 2.2 

Tomatoes 4 0.4 0.6 0.5 ± 0.18 

Centerville Grass 8 E.L. - 0.4 0.13 ± 0.15 

Tomatoes 4 E.L. - 0.15 0.07 ± 0.2 

Bellbrook Grass 8 0.01 - 0.19 0.1 ± 0.1 

Tomatoes 4 E.L. - 0.05 E.L. 

aLDL for tritium in grass is 0.09 x 10- 6 JJCi/g. 

bLDL for tritium in tomatoes is 0.07 x 10-6 ~Ci/g. 

cAverage environmental level {E.L.) subtracted from data. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

Table 28 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 ----~ 
IN SILT FROM RIVER MONITORING LOCATIONS IN 1983 

238Pu 
Number Ran gee 

of 
Location Sa~les {10- 6 

]JCi/sl 

238Pu 

Averagea,b,c 

<lo- 6 ]JCi/sl 

1 2 E.L. E.L. 

2 2 0.009 - 0.014 0.01 

3 2 0.03 - 0.45 0.24 

4 2 0.05 - 0.06 0.05 

5 2 0.007 - 0.008 0.007 

aLower Detection Limit {LDL) for 238Pu in silt is 
0.0005 X 10-6 ]JCi/g. 

bError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

± 

± 

± 

± 

0.03 

2.71 

0.05 

0.007 

cAverage environmental level {E.L.) subtracted from data • 

--------------------Silt· Radioactive 
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r------ Table 29 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN SILT FROM SURFACE WATER MONITORING LOCATIONS IN 1983 

238p~ 238 - • Pu 
Number Range c Averagea,t,c 

of 
Location SamEles (10- 6 

IJCi/g) (10- 6 
J.JCi/~1) 

11 4 E.L. - 0.0003 0.0001 ± 0.0017 

12 4 E.L. - 0.0003 0.0001 ± 0.0018 

13 4 E.L. - 0.0019 0.0001 ± 0.0027 

14 4 E.L. - 0.0007 0.0004 ± 0.001!3 

15 4 0.0008 - 0.0039 0.0015 ± 0.003 

16 4 E.L. - 0.0016 0.0009 ± 0.0021 

aLower Detection Limit (LDL) for 238Pu is 0.0005 x 10- 6 

J,JCi/g. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

cAverage environmental level (E.L.) subtracted from data. 

The factor used for the lung dose calcu

lations has also been changed to provide 

a more realistic dose assessment. In 

past years, maximum pulmonary deposition 

was used as the basis for lung dose es

timates. This may be overly conserva

tive. It is recommended by the ICRP 

Task Group on Lung Dynamics that an 

Activity Median Aerodynamic Diameter 

(AMAD) of 1.0 urn be used as a standard 

aerosol when particle size determination 

cannot be made [12]. This implies a 

more probable particle size for inhaled 

particles. 

The term "dose commitment," as used in 

this report, is that cumulative dose for 

a period of 50 yr from 1 yr of exposure 

to a given radionuclide. 

Plutonium-238 Assumptions 
and Methodology · • 
The dose commitment estimates for pluto

nium-238 were based on environmental 

monitoring data for 1983. The estimates 

for maximum dose commitment to the lung 

at the site boundary and maximum dose 

commitment to the lung in individuals 

were based on the maximum onsite incre

mental average concentration of plutoni

um-238 in air from onsite samplers (sam

pler 213, Table 11), because the samplers 

are in close proximity to the site bound

ary. The maximum dose commitment to the 

lung in population group(s) was based on 

the maximum offsite average incremental 

concentration of plutonium-238 in air 

(sampler 123, Table 8). 

Dose Commitment---------------- • 
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The estimates for maximum dose commit

ment to the bone at the site boundary 

and in individuals were based only on 

the maximum onsite average incremental 

concentration of plutonium-238 in air. 

·The maximum offsite average concentra

tion of plutonium-238 in drinking water 

was at environmental levels (Table 24). 

The maximum dose commitment to the bone 

for individuals in population group(s) 

was calculated using airborne concentra

tions of plutonium-238 only, because the 

concentration of plutonium-238 in Miamis

burg drinking water was at the environ

mental level also. 

The terms "maximum dose commitment at 

the site boundary" and "maximum dose 

commitment to individuals" refer to the 

maximum dose commitment possible for 

individuals to receive, assuming they 

remain at the site boundary 24 hr/day 

and 365 days/yr. The term "maximum dose 

commitment for individuals in population 

group(s)" refers to ~hose individuals 

who reside in an area adjacent to Mound 

and who receive the maximum dose commit

ment values found in the offsite environ

ment. 

The calculational methods can be found 

in the Appendix. The results of the 

dose' commitment estimate calculations 

are shown in Table 30. 

The data indicate that in all cases of 

dose commitment comparisons, the dose 

commitments are well within 1% of the 

DOE standard. In addition, to provide a 

relative comparison of these dose commit

ment values, the maximum dose to the lung 

of an individual around Mound is 0.1 mrem/ 

50 yr. This would be equivalent to the 

additional dose to an individual smoking 

Table 30 - DOSE COMMITMENT ESTIMATES 

Maximum dose 
equivalent at 
the site boundary 

Maximum dose 
equivalent to 
an individual 

Maximum dose 
equivalent to 
an individual in 
the population 
group(s) 

Lung 

0.1 

0.1 

0.02 

Plutonium-238 
% of 

Applicable 
DOE Standard 

0.007 

0.004 

(mrem/50 yr) 
% of 

Applicable 
Bone DOE Standard 

1. 56 

1. 56 0.1 

0.26 0.05 

Tritium Oxide 
(mrem/50 yr) 

Whole 
Body 

0.83 

0.83 

0.15 

% of 
Applicable 

DOE Standard 

0.17 

0.09 

----------------- Dose Commitment 
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0.2 cigarettes/yr [13] or visiting a 

friend who lives in a brick house (as 

compared to a wooden house) for 3 hours 

[ 141. 

Tritium (oxide) Assumptions 
and Methodology 
The dose commitment estimates for tritium 

(oxide) were also based on environmental 

monitoring data for 1983. The concentra

tions used for dose commitment estimates 

for tritium (oxide) were arrived at by 

the same method as that used for pluto

nium. The maximum average onsite air 

incremental concentration was measured 

at sampler 213 (Table 13), and the maxi

mum drinking water incremental concentra

tion was the average measured at location 

B-R (Table 23). The maximum average off

site air incremental concentration was 

measured at sampler 124 (Table 10), and 

the maximum incremental concentration in 

drinking water for individuals in a popu

lation group was that measured in the 

Miamisburg drinking water. The total 

dose commitment for the whole body was 

obtained by adding the dose commitment 

of tritium (oxide) in air and the dose 

commitment of tritium (oxide) in water. 

The calculational methods can be found 

in the Appendix. The results of the 

dose commitment estimate calculations 

are shown in Table 30. 

The tritium data indicate dose commit

ment levels well within 1% of the DOE 

standards. For example, the maximum 

whole body dose commitment to an indi

vidual around Mound from tritium is 

0.83 mrem. This value is equivalent to 

the additional dose to an individual 

Dose Commitment 
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from Ohio taking a 3-day vacation in 

Colorado [15]. 

The person-rem dose commitment estimate 

calculation was based on tritium (oxide) 

data from environmental air sampling 

stations in.two ranges: 0.8 km (0-5 mi) 

and 8-21 km (5-20 mi). The 0-8 km range 

includes 10 samplers within 1.6 km (1 mil 

of Mound. 

The average concentration of tritium 

(oxide) in air was obtained by averaging 

ten offsite tritium air samplers less 

the concentration found at sampler #119. 
. 

From this average concentration, a dose 

commitment was determined and multiplied 

by the number of people from 0 to 8 km. 

• 

The average tritium (oxide) concentra

tion from the four other offsite sam

plers (less the concentration at sampler 

119) was used to obtain the person-rem 

from 8 to 32 km. Eight area segments .• 

from 8 to 32 km were obtained by letting 

each sampler represent one segment con

centration and the average of two adja-

cent samplers would represent another 

segment. These segment concentrations 

were then multiplied by their respective 

population. By using the four samplers 

and this averaging technique, a more 

realistic person-rem value could be 

obtained. 

The person-rem from t·ri tium (oxide) in 

community drinking water was based on 

average concentrations of trit~um (oxide) 

in various comm·;,mi ty water supplies, less 

appropriate environmental levels, and 

weighing these concentrations with 

respective populations. 

• 



• 

• 

• 

The calculations for' the air and water 

dose commitment estimates are shown in 

the Appendix. 

It is estimated that the total population 

from 0 to 32 km is receiving 13 person

rem from Mound's emissions. The remain

ing population from 32 km to 80 km (20 

to 50 mil is not receiving any dose com

mitment from tritium (oxide) emissions. 

Thus, the dose commitment from Mound's 

emission is 13 person-rem for the 0-80 km 

range. 

For comparison, the person-rem values 

from natural radiation, including cosmic 

rays, terrestial, and internal radiation, 

would be approximately 470,000 person

rem for the 0 to 80 km (50 mi) range 

[16]. The do~e commitment from natural 

background tritium alone is 100 person

rem for the 0 to 80 km range [16]. 
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Appendix 

Appticable Standards 

RADIOACTIVE STANDARDS 

In conformance with DOE Order 5480.1, 

Chapter XI, "Requirements for Radiation 

Protection," offsite sample results are 

compared with RCG's established for the 

general population. These RCG's are de

rived by dividing the RCG's for an un

controlled area by three. 

Onsite sample results are compared with 

the uncontrolled area RCG's which are 

applicable for individuals in the popu

lation. 

The RCG values (in microcuries per milli

liter - ~Ci/ml) used for comparison pur

poses for the various types of samples 

in this report are listed below. In all 

cases, these are the most restrictive 

RCG's. 

Plutoniurn-238 (Soluble Form) 

Air 

General Population 2 X 10-14 I!Ci/rnl 

Uncontrolled Area 7 X 10-14 ~Ci/ml 
(Individuals in 

the Population) 

Water 

General Population 2 X 10-6 IJCi/rnl 

Uncontrolled Area 5 X 10-6 IJCi/ml 

(Individuals in 

the Population) 

Tritium (Soluble Form) 

Air 

General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

7 X 10- 8 IJCi/ml 

2 X 10- 7 ;;Ci/ml 

Hater (DOE RCG is cor:tparec1 to uater not 

used for drinkinq ourposes) 

General Population 1 x 10-3 1.1Ci/ml 

Uncontrolled Area 3 x 10- 3 IJCi/ml 

(Individuals in 

the Population) 

As of June 24, 1977, community drinking 

water quality is regulated by the EPA 

National Interim Primary Drinking Water 

Regulations for Radionuclides. The new 

standard= 20 x 10-6 IJCi/ml (20,000 pCi/1). 

Foodstuffs There are no RCG values speci

fied for foodstuffs. However, to give 

some perspective, the foodstuff values can 

be compared to the RCG values for plutonium 

and tritium in water. 

Soil There are no guidelines established 

for radioactive species in soil. (The 

U.S. EPA has guidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

~·later Region V of the U.S. EPA has issued 

a discharge permit under·NPDES regulations 

covering Mound liquid effluent streams. 

The discharge limitations for each efflu

ent stream are as follows: 

Appendix 
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Discharge 001-A 

BODS rng/1 (kg/day) 

Suspended Solids 
rng/1 (kg/day) 

Fecal Coliform 
N/100 rnl 

pH 

Discharge 001-B 

Suspended Solids 
rng/1 (kg/day) 

(Oct-~1ar) 

(Apr-Sept) 

Oil and Grease 
rng/1 

7-day 
Average 

15 (14 • 2) 

30 (2 8. 4) 

2000 

6.5- 9.0 

Daily 
!-1axirnurn 

30 (11. 4) 
50 (19) 

10 

30-day 
Avera~e 

10 ( 4. 9) 

15 (7.4) 

1000 

30-Day 
Average 

20 ( 7.6) 
20 ( 7. 6) 

COD 

Dissolved Solids 

Residual Chlorine 

Nonitor Only 

Honitor Only 

0.02 
rng/1 

pH 6. 5 - 9 

Discharge 001-C 

Cyanide rng/1 

Chromium - Total rng/1 

Cadmium rng/1 

Nickel rng/1 

Copper rng/1 

Discharge 002 

Suspended Solids 
mg/1 (kg/day) 

Dissolved Solids 
rng/1 (kg/day) 

Oil and Grease 
rng/1 

Residual Chlorine 

pH 

Daily 
Haxirnum 

30 (91) 

2000 
(6065) 

10 

0.02 

6. 5 - 9 

Daily 
r.1aximurn 

1.0 

0.5 

0.1 

0. 5 

0.5 

Daily 
Average 

15 ( 34) 

1500 
(3412) 

The Ohio EPA has established t'later Quality 

Standards (3745-1-01-3745-1-09). The 

standards listed below are excerpted from 

these regulations. These standards are 
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stream standards and apply to a stream 

beyond a suitable mixing zone permitted • 

for discharges. They-should not be corn-

pared with effluent concentrations. 

Average 
Concentration 

Constituent 

Dissolved Oxygen 

pH (pH units) 

Fecal Coliform (N/100 

Dissolved Solids 

Ammonia 

Arsenic 

Barium 

Cadmium 

Chloride 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 

Manganese 

Mercury 

Oil and Grease 

rnl) 

(rng/li ter) 

5.0 

6-9 

200 per 100 ml 

1500 

1.5 

0.05 

0.8 

0.005 

250 

0.05 

0 .00 5 

1.3 

0.5 

1 

0.04 

1 

0.0005 

5 

0.01 

0.005 

0.001 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

0. 00 5 - 0. 0 75* 

0.075 - 0. 5* 

*Dependent on caco 3 hardness. 

Dose Commitment Calculations 

PLUTONIUM-238 CALCULATIONAL,r.ffiTHODS 

• 

These dose commitment to the lung resulting 

from inhalation of airborne plutoniurn-238 

was calculated by: 

51.1CI t 1 f f EEF(RBE)n -'t 
D ( t) = a a r ( 1-e " 2) 

rn 

• 



• 

• 

• 

where 

D(t) = 50-yr dose commitment de

livered to the lung in 365 

days of continuous exposure 

to plutonium-238 in air, 

rem/50 yr 

C = average airborne concentra

tion, 11Ci/ml 

Ia = average air intake 
= 2 x 10 7 ml/day [1] 

t 1 time exposed, 365 days 

t 2 = duration of dose, 50 yr 

fa fraction of inhaled material 
reaching organ of interest 

= 0.3 for the pulmonary 
region [2] 

fraction of pulmonary de

position undergoing long

term retention= 0.6 for 
actinide (class Y) [2] 

~EF(RBE)n effective energy deposition 

per disintegration = 57 [l] 

effective decay rate, 0.0014 
day-l for actinides (class 

Y) from the pulmonary region 
[3] 

m = lung mass, 1000 g [1] 

The dose commitment to bone resulting 
from inhalation of airborne plutonium-238 
was calculated by: 

D (t) 

where 

= Sl.lCiafatl~EF(RBE)n (l~e-At2 ) 
AID 

f 0.2 [1) a 

EF(RBE) = 280 [l] 

m 7 X 10 3 g [ l] 

3 -5 -l x 10 day (1] 

The dose commitment to bone resulting from 

ingestion of plutonium-238 in water was 
calculated by: 

D(t) 

where 

Iw = average quantity of water intake, 
2200 cm3 [1) 

fa = 2.4 x lO-S [1] 

TRITIUM OXIDE CALCULATIONAL METHODS 

The dose commitment to the whole body 
resultiag from exposures to tritium (oxide) 
in air was calculated by: 

D(t)a Ca = Ra X S 

where 

D(t)a = dose commitment, mrem/50 yr 

Ca average concentration of tritium 
(oxide) in air 

Ra = RCG for tritium (oxide) in air [4] 

S Radiation protection standard in 

mrem/50 yr [4] 

The dose commitment to the whole body re

sulting from uptake of tritium (oxide) in 
water was calculated by: 

D(t)w Cw 
Rw X S 

where 

D(t)w = dose equivalent in mrem/50 yr 

Cw average concentration 

Rw RCG for tritium (oxide) in water 
(4] 

s = radiation protection standard in 
mrem/50 yr [4) 
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These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the Inter

national Commission on Radiological Pro

tection (5] and the National Council on 

Radiation Protection Measurements (6). 

PERSON-REM CALCULATIONS 

The equations used for this calculation 

were: 

D(t)a 

where 

D( t) a 

Ca 

Ra 

s 

D(t)w 

where 

Ca 
Ra X S 

dose commitment from tritium 

(oxide) in air 

average tritium (oxide) concen

tration in air 

RCG for tritium (oxide) in air 

(4) 

radiation protection standard 

for tritium (oxide) in air in 

mrem/50 yr [4] 

Cw 
Rw X S 

Th.ese dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the Inter

national Commission on Radiological Pro

tection [5) and the National Council on 

Radiation Protection and Measurements [6). 

The total person-rem from 0 to 32 km is 

obtained by: 

where 

3 2 

ER 
0 

- a 
D(t)arP 

0 

8 3 2 
. ID( t) aLP 

0 8 

r(o(t)wP) 

References 

person-rem within 32 km 

average dose commitment x pop

ulation from 0-8 km 

summation of dose commitments 

x the respective populations 

within eight direction seg

ments from Mound from 8-32 km 

summation of dose commitments 

x respective population from 

0-32 km 
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Cw average tritium (oxide) concen
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RCG for tritium (oxide) in water 
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for tritium (oxide) in water, 

mrem/50 yr [4) 
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Foreword 
This report was prepared by the Environmental SP.ction of the Ad~in

istrative Services Department at Monsanto Research Corporation -

Mound. Sample analyses and data reduction were performed by the 

Environmental Laboratory Group. Particulate samples offsite were 

collected by the Air Pollution Control Section of the Montgomery 

County Combined General Health District, which acts as the Regional 

Air Pollution Control Agency in this area for the Ohio Environmental 

Protection Agency. All other sampling was performed by personnel in 

the Environmental Section. 
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Introduction 
Monsanto Research Corporation - Mound 

occupies 306 acres of land in Miamis-

burg, Ohio. This location is approx-

imatelv 16 km (10 mil southwest of 

Dayton, Ohio. The predominant geo-

graphical feature in the five-coun·ty 

region surrounding Mound is the Great 

Miami River, which flows from northeast 

to southwest through Miamisburg. The 

river valley is highly industrialized. 

.BROOKVILLE 

TROTWOOO Q 
&119 

EATON 

~to~ILES 

I ~ J 4 ') 6 

---~ KllOMfTERS 

dominantly ~armland, dotted ~1th 

light industry and small commu~it1es. 

The locations and populat~sn~ of ~~es0 

communities are shown in ?'..c•...:r~ :. 

The population distributio~ surro~~d:~g 

Mound is shown in figure 2. 

water for the area is ob~ai~~d ~~~~ • 

buried valley aquifer :~2t ge~e=aL:: 

follows the Great Miami River. ~~e ~~-

mary agricultural activi~y i~ the ar,~ 

.I. AIR SAMPLING IT A TIONS 
PO PULA T:O~S OF CITIES 

.250C-5000 

0 5000-10.000 

• 10.000-:5.000 

v ANOALIA. Q> 15.000 

• 

'NPAFS 
WE A THE,-; 
STAT lOr-< 

FIGURE l - Offsite air sampling locations. 
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C.,rnu,d!•v• P'>oul"'•on Tou,, 

p,"'""' Pooo;;;,,ort 0- so Motes 
0- 1Q 320.964 
0-2o 895,947 
0-1o '-347_ 1 Js 
0-40 2.307,726 
o.so :; 7 78.Jsa 

F!GUR£ 2 - 197o Population ···J· thJ'n so 

~ • mi] es Of Mound . 

------------------------------------------------fuuoducnon 
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is raising f1eld crops sue~ as corn and 

Eoyb~ans. Approximately 10~ of the land 

jn aqricultural use is devoted to pastur-

The climate in thP area is considered 

moderate. 

is 91 em 

AvP~age annual precipitation 

136 in.) and is evenly distri-

buted throughout the year. Winds are 

predomina~tly from the south or west, 

0xcept ::1urir:g the summer, when they are 

r~cc~ded more frequently from out of the 

southwest [2]. The annual average wind 

speed measured at Mound was 4.2 m/s 

(10.3 mi/hr) for 1982. Figure 3 shows 

the wind rose compiled at Mound, and 

Table 1 shows average wind ·speed and 

percent frequency for each of 16 wind 

directi0ns. 

FIGURE 3 - The relative frequency of winds 
from different directions for Mound. 
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:1ound begar: ope::::.;~~·."'::. . ..: 

mission current!; !~=i~~e~ ::--:.; ;'· : _- _- ",. 

development, engineer~~~. ==0~u~~:-~. 

a:-~d surveillar.ce o: ~;:;r:::.;;:.:,~:-:., :'·: 

Department of Energy (C)O=:l •.-:-<:···::= 

grams; 21 separation, ?'~r::~.--;·:.'-::-. _..,. 

sale of stable isctcpes; =:":: 2\ :;.1:-· 

grams in solar e::ergy, 

nuclear safequards a::d v:'l:=~s ~-:'-"':""'~'-':'~, 

heat source testi:-,g, c;.:od fus:.. .,:: 

systems. 

concern that result frcm ~2u~·~·s -· 

or past operations are plutor.iu~-2 

tritium. 

Radionuclides in particulat~ ~~r

removed from process air effi~~~~~ ~

high efficiency particulate ai~ ;~~?~ 

filters. Air ef:luents are Eiltere0 

first at their points of origin 

(i.e., gloveboxesl a~d then ~ust tei~r~ 

reaching the 

stack). The 

release p0i nt : J .• ~~. ~;-:~ 

filtering system ~: t~~ 

stack consists of two banks of ~E?A 

filters in series, each bank havin~ a 

collection efficiency cf 99.95~. ?a~~~

nuclides are removed from liquid e~flu

ents, such as process wastes, by rh~~i-

cal processing. Snlid radioActlv~ 

wastes are packaged and shippe-d ·.~ffsi•,. 

for burial at approved burial si~es. 

Wastes generated in thP processinq of 

explosive materials are collected and 

disposed of according to the Defer.s0 

Armament and Research Commanc~ (Dl'·.RC,-~-:l 

Regulation 385-100 and DOE/EV:0;]GJ-:. 

An onsite, sanitarv waste treatment 

plant provides secondary treatment, in 

accordance with U.S. Enviror.~ent31 2r0-

tection Agency (EPA) requirements . ·, 
-·., 

• 

• 
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Table l - AVERAGE ANNU,:I.L Pt::RCENT F~EQUENCY OF WHiD---. 
DIRECTION AND AVERAGE WIND S?EED (:-1/ s) FOR 1982 

Direction Percent 

N 3.9 

NNE 4. 4 

NE 4. 8 

ENE 5.1 

E 3.4 

ESE 3.1 

SE 2.8 

SSE 3.1 

s 5.1 

ssw 12.5 

sw 12.9 

WSW 7.3 

w 5.4 

WNW 5.6 

NW 6. 2 

NNW 3.6 

CALM 11.0 

Total 100 

usi~g ~n acti~ated sludge process 

ooerating in the extended aeration mode. 

All domestic sewage generated onsite is 

treRted in this facility. The influent 

anc ~ffluent at the sewage treatment 

plant are also monitored for radio

activit~ to ~nsure no undetected release 

ca~ occur to the Pnvironment via the 

sa~itarv sewage plant. Digested sludge 

~ro~ the s~wage plant is shipped offsite 

for ~urial at an approved burial site. 

Al~ wastewater is discharged from the 

site to the Great Miami River. Non

radioactive solid wastes are disposed of 

accordi~g to a recycli~g and reclamation 

.'\verage Speed (m/s) 

4.1 

4. 0 

4 .1 

4.1 

3.7 

3.4 

3.5 

3.5 

4.0 

5.4 

5.7 

5.0 

5.5 

5.4 

4. 9 

4. 3 

4. 2 

program whenever possible. White paper, 

scrap metal, and wood are sold for re

clamation. General refuse was trans

ported during 1982 to a sanitary land

fill site approved by both the state and 

county. Waste solvents and chemicals 

are moved offsite by a commercial

industrial waste disposal firm. 

Mound's compliance with regulations 

prescribed by DOE for the safety of its 

employees and the public has been 

demonstrated throughout the history of 

the facility. The fundamental objective 

of the Mound Environmental Control 

Introduction 
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Program, an ongoing program si~ce Mound 

heqan operations, is the containment of 

.radioactive e~~luents to levels well 

within :~e existing standards. As part 

ot ~his program, 0ffluents are monitored 

and co~trolled at each operating step, 

resultinc in ~o more than low-level 

releas~s of airborne or liquid wastes to 

the t::nvironment .. With early detection, 

contrn! techniques can be implemented, 

t~us c~suring that concentrations are 

well within existing standards and meet 

the DOE guideline "as-low-as-reasonably

achievable" (ALARA). 

As part of the Mound Environmental Pro

gram monitorina functions, air, water, 

vegetetion, foodstuff, and sediment 

samples are collected from the environ

ment at distances up to 48 km (30 mi) 

from MGund's boundaries. These samples 

are then analyzed for the specific 

radionuclides handled at Mound. A sum-

mar; of the monitoring program is shown 

The results of the environmental 

analyses for 1982 are provided in this 

report. The primary purpose of the 

report is to detail what impact, if any, 

Mound's operations have had on the 

adjacent environment in 1982. To serve 

tr.is purpose, several calculational 

techniGues used throughout this report 

should be described. The concentrations 

ot various radionuclides reported here 

that result from Mound's operations are 

termed "incremental." The term incre

ment~l denot~s a concentration value 

thnt exceeds normal environmental levels 

of the same radionuc:~~e. 

environme~t whEre >~c·_;:-.·c 1.-.::_ .... _ •• ~-:-~ .- :;·· ••• 

impact. Enviro::menta! ~~~~:~ 

nuclides in various ~ediu~~ 

Table 3. 

d 
. . 

To eterm1ne concentrcc~s~~ 

instrument backgroun~ and re~~··~: 

were subtracted from the s~~~:~ 

This value •.-.ras ~he!! us'O'ci ::: ,, .. r. ·.:·': 

opposed to using the lower de~~c~ 

limit (LDL), which had be·=n '"_)•c-. c····- · 

in years past. 

For comparative purposes and 

sample evaluation, however, r~~ 

detection limit is shewn fer cac~ s~~ 

of data in this report. The LDL i~ -

estimated standard deviation of --nc 

blanks at the 95's confide!'.-::e le'·"'.~. 

The error estimates shown with ~ac: 

of data are estimates of the .'-::<J;·.d~.:c .: 

error of the estimated mean a~ :h0 Q5• 

confidence level. These values in-:::uc •. 

all sources of variability including 

sampling, analyses, counting s:atis::~s. 

and the propagated error i.nvolved when 

substracting the environmental leve:s 

from the actual data. 

Summary 
The environment locally sc:rr,,u;:c:.;;c 

Mound was monitored primarily for trt

tium and plutonium-238. The res~::s •r~ 

reported for 1982. Environmental 

mediums analyzed included air, wa~er, 

vegetation, foodstuffs, and sed!me~-:: . 

Introduction/Summary ---------------------------
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~ater Surveillance - Onsite 
Effluent Water 

J locations 

Silt Surveillance - Offsite 
Ri \le r 
--s-Tocations 
Pcmd 
--8-loca t ions 

Vegetation and Foodstuff Surveillance 
Vcs;etation 

J loc<1tions 
Fondstuffs 

3 locations 

Environmental Level·surveillance 
Four ~ediums 

6 locations 

Daily 

Quarterly 

Quarterly 

Biannually 

Annually 

Quarterly 

Flow, suspended solids, 
BOD

5
, fecal coliform, 

pH, oil and grease, 
COD, residual chlorine, 
dissolved solids, 
cvanide, chromium, 
cadmium, nickel, 
copper, HTO, Pu, U 

Pu 

Pu 

HTO, Pu 

HTO, Pu 

HTO, Pu 

--------------------

Introduction 
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.--Table 
I 

3 - ::::NIRO:·.;~rc::-;TAL CONCENTRATIONS OF Ri;.DIC;WCLI:J.ES . '· -. - .. ' ' -
-~---~·-·J 

! 

?lu::.or:iu.-n-238 a 0.03 - 0.03 ' 
- ~ 

:.._:. ~-ir. air - ;..: ... 

Trit iu.~ o:<iGe i~ air a 0.73 - 0. 2 ~: .l.O 
- " - X . - -

b : ., 
::·l'Jtonium-233 in river water 0.7 :: l . 3 ., :o . c ~ : ·-:-. l 

Tritium in river waterb 0.48 - 0. .!.9 
-:::; 

:1.!. - ·-: ;._,.} -· -~. 

waterc 0 .l 0.6 
- -- 1--?lutoniun-238 in surface :: X -'- J -·- -

c -f· 
Tr-itium in surface water 0.57 - 0 .15 ·.· 1.) - -· ·-· - .. -
?l•..ltonium-238 in \ve 11 d 0.8 - l .:.J 

- .. ._ -- '·-water - X ' 
T:- i tiurrt in v.•e 11 c 0. 6 4. - 0. lS 1) -5 water - X 

Lrani.:..;m-233, 234 in river water b 7. 2 2. s l :J-lO ,.., ·-:< ~ -'-

Uranium-238 in river b 7. 0 2. 2 10 
- .. ·) ,. ;\~ ~ water ! X ..... . 

?leltonium-238 in river siltb N.D. e 

Plutonium-238 in surface water siltc 0.0008 ! 0.004 X 10-6 
~Ci/'J 

Trit::ium in d 
0 . 6 3 ± 0.1.:1 lG -G : =.:. /c_; grass X 

d -I= 
Tritium in tomatoes 0.55 :: 0.35 l:) -.1 ........ : X -·--·-; ;.: 

Pl\.;tonium in d 0.00036 :: 0.00038 10 -G grass X ._--

Plutonium in potatoes 
d 

0.00015 0.00051 .::.o-6 /.-, ~ :: X ......... , '-:T 

Plutonium in fish 
d 

0. 00013 :: 0.00021 X 10 -G .__(' l/ 1.::: 

aMeasured at offsi te sampler 119. 

bMeasured 20 mi upstream on Great Miami River. 

cl'leasured 28 mi northwest of Mound. 

dMeasured 30 mi west of Mound. 

eNot detectable. (Environmental level cannot be detected i1bO'/e 
::-eagent blanks.) 

---------------------------------- -- ·---- -------

The aver~qe conce~trations of 

plutorium-232 and tritium were within 

the up?lioable standards (adoptP.d by the 

U.S. DOE) fo~ radioactive species. 

Mound Initiated its Potable Water 

Stand3rds Project in 1975 to bring the 

l0cal aquifer into compliance with a new 

EPA standa.:::-d for tritium in community 

drinking water. The EPA regulations, 

which became effective on June 24, 1977, 

introduction/Summary 
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lowered the P.xisting DOE standard h~ a 

factor of 50. Mot;.nd' s three we l ~ 3 ~ r.t~ 

eight offsite wells were out 0f com

pliance with the :20 nC.·'L st:L·:-~.".::-j. 

Following an extensive study 

aquifer, a decision was made tc atte~pt 

to bring the aquifer into compliance 

through high-volume pumping of wate~ 

with replacement by induced lnfilt::-a

tion of water from the Great Miami 

River. By 1981, all wells had been 

• 
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h~ough~ :nto compliance, nnd in 1982 the 

wells were kept i~ compliance with 

occasional high-~olume pumping. 

D2:a concerni~g the emission of non

radioactive species into the atmosphere 

are also prRsentea. All emission~ were 

,, or ]~ss o: tne applicable emissions 

standard. 

r~e averD0e incremental concentrations 

of ?lutor.ium-238 ar.d tritium oxice in 

~:r measured at all offsite locations 

• · 1 982 0 26 l0- 17 wC1."/ml aur1ng • were . x 
' 1 - -11 . I 

:~::a .. ; x 10 uC1.,ml, respectively. 

~~es~ correspor.d to 0.01% and 0.02% of 

th~ir respective Radioactivity Concen

:r~tion Guides (RCG). Details of the 

a~plicahle standards are given in the 

;,ppcndix _ 

The average incremental concentration of 

pll:;:oni'.l~,,-:38 measured c>t all locations 

in the Gr~at Miami River during 1982 was 

:.22 x lo- 12 ~Ci/~1 which is 0.00009% 

cf ::he RCG. The average concentration 

of tritium measured at all locations in 

the ~reat Miami Ri~er during 1982 was 

G.~~ :-: ~c- 6 uCi,'ml which is 0.01% of 

t.be RCG. 

Radionuclide effluent data for !982 ar~ 

summarized in Table 4. 

The average incremental concentrations 

of plutonium-238 found during 1982 in 

surface and area drinkir.g water were 

also a fraction of the DOE RCG. I:1 

addition, the average increme~tal con

centration of tri~ium in surface water 

and the average corcentration in area 

and munici?al drinking water were a 

fraction of each respective DOE RCG and 

EPA standard. 

Although there are no specific standa=ds 

(RCG) for plutonium-238 and tritium in 

foodstuffs, the concentrations found, if 

compared to the water standard, are also 

a small f~action of the RCG. Sediment 

was sampled at several offsite water 

sampling locations. No adve=se impact 

to the environment could be determined 

from the radionuclide levels found in 

these sediments. 

The dose commitment estimates indicate 

that, in ail cases, the levels are at or 

within 1% of the DOE standard. The 

person-rem calculated to 80 km for the 

Table 4 - EFFLUENT DATA FOR 1982 

Radionuclide Mediurn ___g~~ntity_ ·----
Tritium air 4283 Ci 

T~itium water l3. 7 Ci 

Plutonium-238 air 0.021 mCi 

Plutoniurn-238 water l. 21 mCi 

Uranium-233, 234 water 0.56 mCi 

Summary 



~-'t.,-: pr;f::ulati.nr. r.s a r~sult of Mound 

opcratic~s curing 1982 was 14 person

rem. Xa~ural radiation would result in 

~?proxt~~t_nly 290,000 person-rem for the 

area. 

;._ Na7-.i_·):-;al Pcl~utant Discharge Elimina

~~~n Svstem (NPDESI permit regulatPs 

00nradinactive pollutants in Mound's 

e::f],_Jent ·.-~at.er. The NPDES permit 

req~ires this effluent to be character

iz~d b~ analvzing samples collected at 

~our onsite !acations. Approximately 3% 

of the !358 NPDES measurements exceeded 

maximum perm~t limitations. None of 

these exceptions, however, had an ad

verse i~pact on the Great Miami River or 

=aused the river to exceed Ohio Stream 

Standards. 

'The dati'! contained in this summary 

demonstrate the status of compliance 

with various current regulatory agency 

s~andard~ and demonstrate Mound's 

emchasis or. the as-low-as-reasonably

Jch:evable IALARA) concept. 

Environmental surveillance 
Quality Assurance 
The Mo:.::1d Er,·•ic<JJ1mc!nt<·1 5E·ction quality 

controi rrogram is documented in a 

~ualit~ control manual published in 1981 

Because the analytical results of 

~2~! sa~ples approach the lower detec

tion l~mit, an essential part of the 

qual::~· control program for environ

mental monitoring is the determination 

of "blank values." A "blank value" is 

det~rmi~ed by carrying out the chemical 

a~alysis wit~out a sample, but rather 

using deio~:zed water, or an unused 

in the analysis. 

laboratory co~ta~in~ti~~-

variation of the "bla~k -·'>:.•..:"'·s" "'::·

to calculat2 l0wer j~tec~i~~ ·-· 

which are giv~n wi~~ e~~~ 5~: 

An essential ;-:oar~ .-~.: \!<."HiiL:' s 

control program ~'' ::.£;.o: ::~-~ i_·.::-;. ·• 

reference samplPs ::rem a c'Oli ~:< ·o • 

side laboratory. Over :~~ 0~~-

vears Mound has par~icip2~e~ 

Quality Assessment Proqram. 

-· '.' 

gram i~ conducted by the Dep~~~~~-~ 

Energy's Environmental ~essur~~~~-~ 

Laboratory (EML) which prepa~~~ 

"reference" samples for a~a1y31s ... 

laboratories throughout the ~ocn~:r~. 

During 1982, however, s:tm;::>'-2'3 · . .-,-::--· ;,:;; 

provided by E~L. Consequ-o:::·: ~~-, ~''::_:;·-: 

obtained outside reference :o.;-;-,::1·=:-c 

other sources. 

Water samples containirg 

tonium, and uranium were 

the Environmental Protection Aae~cy 

(EPA) through their "Environment~~ 

Radioactivity Laboratory !nt~rco~~~~i~c~ 

Studies Program." 

samples containjng plutonium or ~~~~~u~ 

were not available throuah t~~~ ~=ca~d~. 

Results from the E?A prcg:ram of s~gPi~~ 

cance to the environmen~al ~r~~~~~ J.c 

Mound are summarized '.n Tc.0.~o ::,. Ccr:'

paring the ratio of thP Mound ~3lJ~ -

the EPA value in the last colurr~. -~~~= 

that the '!alues agree '.vi:.:: P-3c:--, c:_~!'·:':r -,

within the two sigma errors Gf eac~ 

concentration. 

Summary/Quahty Assurance-------------------------
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----------Table 5 - ~!OliND' S RESULTS ON SAi-!PLES FROM THE U.S. EPA ---
E!':VIRO:-J~!E~JTAL RADIOACTIVITY Lt\SORATORY I::-JTERCO!'\PARISON 
STUDIES PROGRk~ - 1982 

Sar:1~le l'-lound Value 
Type = l J Error 

(Date) Isotope (oCi/L) 

\-..'ater 3!1 1770 ~ 60 -

(6/32) 

\\·a ter 3H 2920 + 20 
(8/82) 

\va ter 2 39Pu 6.0 
( 7/82) 

~Va ~e r 238u 28.1 234 0 (3/22) 

Fo~ rRfere~ce samples in the area of 

~r~~2dioactive pollutants, Mound 

depended upon samples supplied by a 

Mons~nto Company prograr:1. In 1982, 

:!: 

--

Monsunto's E~vironmental Analytical 

Science Center (EASCJ in Dayton, Ohio 

began ~ NPDES Water/Wastewater Standards 

proc;!"a.m. The purpose of this program 

~as to provide standard reference 

samples for Monsanto environmental lab

orutories tha: ar~ carrying out analyti

~~~ measurPMnnts as required by the 

~ational Pnllut~nt Discharge Elimination 

Systc:m i~iPDF.S). Results from this 

Mons~nto program that were of signifi

c~nce to the environmental program at 

~o~nd are summarized in Table 6. As 

~~th the determination of the radio-

nuclide concentrations, the data here 

indicatP agreement between the Mound 

measured concentration and the theo-

retical va:ue within experimental 

errors. 

0.1 

0.4 

EPA Value 
!: 1 a Error Ratio Mounc 

(pCi/L) to EPA Value 

1830 ~ 340 0.97 -

2890 = 360 l. 01 

6.9 ~ 0.7 0.87 -

30 = 6 0.94 

In summary, the agreement betv;een Mour.c 

measured concentrations ar.d reference 

values of an EPA or Monsanto quality 

control laboratory indicate good relia

bility of the data generated in the 

routine environmental monitoring program 

at Mound. 

Air - Radioactive 
In 1982, the offsite air-sampling net

work consisted of 15 continuously 

operating air-sampling stations used for 

sampling both tritium oxide and pluton

ium. Ten sampling stations are located 

within a 1.6 km (1 mil radius of Mound, 

and four samplers are located in or nenr 

population centers. The remaining 

sampler (#119) is approximately 44.8 km 

(28 mil from Mound in the least prevail-

ing wind direction. This sampler 

receives no measurable contributior. from 

Mound operations and serves as ti base

line sample for computing environmental 

levels . 

Quality Assurance/ Air Radioacr•ve 
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Table 6 - MOUND'S RESULTS ON MONSANTO-EASC-NPDES 
WATER/WASTEWATER STANDARDS - 1982 • Average 

Mound EASC Theoretical Rat io-~cu r. i 
Sample Parameter Value Value Value to Theoretl .. :- .J!. 

ID Measured <m9:/Ll (m5!_/L) (mgi:L) Value 

82-1-D-la CODd 55 :!: 4 48.4 50 1.10 
8 2-1-D-2 COD 101 :!: 3 97.6 100 l. 0 l 
82-l-D-3 COD 257 :!: 19 254.1 250 l. 0 3 

82-l-Z-lb Zn 4.43 :!: 0.03 4.46 4.33 l. 02 

82-2-TM-lb Zn 0.025 :!: 0.01 0.026 0.025 l.O 
82-2-TM-2 Zn 0.63 :!: 0.01 0.648 0.625 l.C 
82-2-TM-3 Zn l. 66 ± 0.23 1.895 l. 875 0.89 

82-2-TM-lb cu o.ose = 0.053 0.053 0.050 l. 00 
82-2-TM-2 Cu l. 25 !: 0.01 l. 262 1.250 l. 00 
82-2-TM-3 Cu 2.32 :!: 0.35 2.485 2.500 0.93 

82-2-TM-lb Cd 0.02f 0.026 0.025 0. 3 
82-2-TM-2 Cd 0.045 :t 0.007 0.048 0.050 0.9 
82-2-TM-3 Cd 0.22 :!: 0.05 0.026 0.250 0.9 

82-2-TM-lb Cr 0.075 :!:. 0.007 0.074 0.075 1.0 
82-2-TM-2 Cr 0.50 :!: 0.01 0.463 0.500 1.0 
82-2-TM-3 Cr 1.13 :t 0.19 1.237 l. 250 0.90 

82-3-SS-1° sse 48 55.9 56 0.86 
82-3-SS-2° sse 450 499.3 502 0.90 
82-3-SS-3° sse 1370 1293.3 1302 1. OS 

aAverage value given is for this sample number and two other identical samples. 

b For these metals the average value given is for this sample number and one 
other identical sample. 

0 The value for suspended solids is not an average, but is the value for the 
given sample number only. 

dChemical oxygen demand. 

esuspended solids. 

fBased on two measurements, but no estimate of error is given. 

Quality Assurance 

14 

• 

• 



• 

• 

• 

tracte~ from levels detected at other 

Joc-atior:.s. The samplers currently in 

opPracion are located at critical dis

tances anc cirecLio~s, based on a dif-

fusion model developed for MDund. The 

loc~cions of the sampling stations are 

~r.own in rigure 1. 

Two tv~ps 0f samples are collected at 

each sampling station. One is a partie-

ul2te air sample for plutonium-238 

ana!ysis, and the other, from a bubbler

type sa~pler, is for tritium oxide 

The particulate sample is 

collectc~ on a 200-mm diameter Micro

snrban dlsk by a continuously operating 

(2~ hr/day, 7 days/week) high-volume air 

s3mpler. ThP ~ir is sampled at an 

2verage rate of 1.3 x 10
6 

cm
3

/min 

(·~~ ft 3 !:ninJ. The Microsorban disk is 

c'la"''''': \·,eekly, and represents a sample 

oi approxim2tely 13,000 m
3 

of air. . 

Plutonit:m-238 analyses were performed on 

a ~cnthlv composite for three sampling 

loc.:Jt.io:'s, #122, #1:'3, and 11124, and on 

.~:.u ::ter 1-..· ·::orr.posi tes for the other off-

s :_ t.r: :.oc-~1 t ior.s. 

The 3nalvtical scheme for plutonium-238 

:ncor~nrates the following basic steps: 

addit:on of a known amount of plutcnium-

2~2 tracer, 1g~ition to 600°C, leaching 

wit~ ~itric acid, separation of pluton

iur- "'·:.:·'·, .J:-.lo;-, exc:'1ar.se resin, electro

ci~~osi~lnn nE plutonium, and, finally, 

a!~ha s=eccrometrv. 

7~P ~vera9~ incremental offsite 

;:lt;-:o:oium-2:lS Jir concentration for all 

1 . 0 -17 . ocat1ons was .26 x 10 uC:/ml 

~hich is 0.01% of the DOE RCG. The ?.CG 

usP-d for comparison {s the auide for: the 

soluble form of the isotope c>.r.c for ::he 

general population. This is the most 

restrictive RCG for plutonium-238 and is 

applied since the solubility of the mea

sured particles in the human body ~s un

known. The analytical results are 

summarized in Table '· 

Table 8 shows concentrations of pluton-

ium-239, 240, and plutonium-238, incluo-

ing environmental levels, so that a 

ratio comparison between these radio-

nuclides can be made. This ratio is a 

sensitive, qualitative indicator of 

variations in environmental observ~

tions. Ratios greater than that ob

served at location #119 ("-0.1) results 

from a concentration of plutonium-238 in 

excess of that from atmospheric fallout 

and are indicative of the influences of 

Mound operations. Quantitative compari-

sons are best made with the DOE stan

dard; i.e., percent of standard nS shown 

in Table 7. 

Figure 4 shows the concentration of 

plutonium-239 for the past eleven years. 

The pronounced peaks show the increase 

which is observed during the spring 

season each year. The magnitude of the 

springtime peaks had been decreasing 

during 1979 and 1980, but a significant 

increase was observed in 1981, most 

likely as result of atmospheric weapons 

testing by the People's Republic of 

China in October, 1980. Results for 

!982 show a decrease from 1981. 

----------------------------Air-Radioactive 



,------------Table 7 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 ------------
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1982 

Number Ranged Averagea,c,d,e 
of 

Location SamEles (10-17 lJCi/ml) (10 -17 ).JCi/ml) 

101 4 0.05 0.41 0.18 = 0.25 

102 4 0.21 - 0.63 0.42 ± 0.29 

103 4 0.1 - 0.68 0.37 :: 0.38 

104 4 0.09 - 0.23 0.14 ± 0.10 

105 4 0.01 0.12 0.06 ± 0.07 

108 4 E.L. - 0.03 E.L. 

110 4 E.L. - 0.04 E.L. 

111 4 E.L. - 0.08 0.03 ± 0.10 

112 4 E.L. - 0.05 0.01 ± 0.04 

115 4 E.L. - 0.03 0.01 :! 0.07 

118 4 E.L. - 0.14 0.08 ± 0.10 

122 12 0.02 - 0.50 0.25 ± 0.11 

12 3 12 0.43 - 6.51 1. 71 ± 1.14 

124 12 0.15 - l. 09 0.43 ± 0.18 

a Lower Detection Limit (LDL) for 238Pu in air for quarterly 
samples is 0.03 X lo-17 ).JCi/ml. This is 0.0015% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 2000 X 10-17 !lCi/ml 
for the soluble form of 238pu for the general population. 

cError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

d 
~verage environmental level (E.L.) subtracted from data. 

eLower Detection Limit (LDL) for 238 Pu in air for monthly 
samples is 0.1 x lo-17 !lCi/ml. This is 0.005% of the RCG. 

Percent 

of RCGb 

0.009 

0.02 

0.02 

0.007 

0.003 

0.002 

0.0005 

0.0005 

0.004 

0.01 

0.09 

0.02 
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Tab.ic 8 - CO~iCENTRATIONS OF PLUTOt-.iit,;~l INCLUDIXG E~;VIR01'-;NE:\TAL 

LEVELS I:-< AIR AT OFFSITE SAMPLING LOCATIONS IN 1982 

239,2400 
-U 

238?'..1 

:~umber Range Average a ,b a b Average ' Ra<:io 
of 

( 10 -l7 -17 (10 -17 233P'..l/239,2.;c?·.: Location Samples >.~Ci/mll J..l:Q__ JJCi/ml) l-!Ci/:n1) -·---------· 

lOl 4 0.003 - 0.62 0.26 = 0.41 0.21 :!: 0.25 

102 4 0.03 - 0.53 0.26 ± 0.32 0.45 = 0.29 

10 3 4 0.02 - 0.47 0.23 :!: 0.32 0.4 ± 0.38 

104 4 0.04 - 0.44 0.22 :: 0.29 0.17 :: 0.10 

1.05 4 0.02 - 0.45 0.21 = 0.32 0.09 ± 0.06 

108 4 0.05 0.63 0.27 ± 0.41 0.03 ± 0.03 

.:..:.o 4 0.03 - 0.43 0.20 ± 0.29 0.03 ~ 0.06 

lll 4 0.04 0.54 0.26 ± 0.32 0.06 ± 0 .10 

ll2 4 0.04 - 0.56 0.25 ± 0.35 0.04 ! 0.03 

2.1S 4 0.05 0.41 0.20 ! 0.25 0.04 :': 0.06 

d8 4 0.04 0.54 0.27 .;. 0.38 0.11 ! 0.10 

ll9 4 0.04 0.51 0.26 ! 0.35 0.03 ! 0.03 

122 12 N.D. 
c 0.53 0.23 ± 0.11 0.28 ± 0.11 -

12 3 12 0.04 - 0.63 0.26 ± 0.11 1. 74 :': 1.14 

12~ 12 0.04 - C.59 0.25 ! 0.11 0.46 :!: 0.18 

a~o~er Detection Limit (LDL) for 239 • 240 Pu in air for samplers 101 
~~rough 119 is 0.01 x lo-17 ~Ci/ml, and the LDL for samplers 122 
~~~ough 124 is 0.2 x lo-17 ~Ci/ml. The LDL for 238 Pu is 0.03 x 

lo-17 ~Ci/ml ~or samplers 101 through 119 and 0.1 x lo-17 uCi/ml 
~ar sa~plers 122 through 124. 

0 Error limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

·. :·.·'):: C:etectable . (Values cannot be detected above reagent blanks.) 

0.31 

l. 7 3 

:. 7 4 

0. 77 

0.43 

0.11 

0.15 

0.23 

0.16 

0.20 

0.41 

0.12 

l. 22 

6.69 

l. 84 

--------------------------------------------------------- Air-Radioactive 
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FIGURE 4 - Concentration of plutonium-239 
(from weapons testing fallout) in air 
since 1972. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at 
3 3 . 

approximately 3 x 10 em /min 

through 200 ml of ethylene glycol. 

Ethylene glycol is used because this 

material eliminates evaporation and 

freezing problems associated w1th sample 

collection (5]. Tritium (oxide) in the 

air is collected in the solution. Tri

tium oxide rather than elemental tritium 

is sampled and analyzed because the RCG 

for the oxide is 200 times more restric

tive than it is for elemental tritium 

[6]. A sample representing ~30m3 of 

air is collected, and an aliquot repre

senting 1.5 m3 is counted in a liquid 

scintillation spectrometer. The average 

incremental concentration of tritium 

oxide measured during 1982 for all off

site locations, not including the envi

ronmental level found at sampler #119, 

was 1.7 x lo- 11 uCi/ml. This concen

tration is 0.02% of the RCG. The RCG 

used for comparison is the most restric

tive RCG for tritium for the general 

population. The results are summarized 

Air-Radioactive 
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in Table 9. Environme~tal levels 

plutonium-238 and tritium in air as ~e2-

sured at sampler #119 are shown in Ta2~e 

3. 

An onsite perimeter network ccnsis~ir.g 

of five continuous, high-volume ~ir 

samplers is used to further assess ~he 

effectiveness of stack emission contro~ 

systems. The onsite sampling locations 

are shown in Figure 5. Particu:i.ate 

samples and tritium samples are 

collected by the onsite samp~ers at 

approximately the same flow rate as t~e 

offsite_samplers and are analyzed in the 

same manner. 

The average incremental plutonium-23S 

concentration measured for all locations 

onsite is 3.3 x 10- 17 uCi/ml, which is 

0.05% of the RCG. The results are 

summarized in Table 10. Table 11 pre

sents onsite concentrations of pluton

ium-239, plutonium-240, and plutonium-

238, including environmental levels, so 

that a ratio comparison between these 

radionuclides can be made. 

The average incremental onsite tritium 

oxide concentration for all locations 
-11 was 4.0 x 10 uCi/ml, which is 0.02% 

of the RCG. The results are summarized 

in Table 12. 

The RCGs used for onsite comparison Dre 

those applicable for exposed individuals 

in the population. The total amounts o: 
plutonium-238 and tritium discharged to 

the atmosphere during 1982 were 0.021 

mCi and 4283 Ci, respectively. 

• 
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Location -----

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

122 

123 

124 

aLower 
..:Ci/ml 

Table 9 - I:-iCREME~lTAL CONC:::NTRATIONS Or TRITIU:-1 
OXIDE U .'UR AT OFFSITE SA.\lPLI)JG LOCATIOclS IN 1982 

Tritium Oxide 
:-Jumber 

Range d Averagea,c;d 
of 

~~les (10- 11 uCi/ml) (10- 11 uCi/ml) 

32 E.L. l7. 5 4.7 - 1.5 

52 E.L. - 18.8 3.57 :!: l. 05 

50 E.L. 10.2 3.13 - 0.86 

51 E.L. - 6.38 l. 09 ~ 0.55 

50 E.L. - 4.27 0.81 = 0.48 

46 E.L. - 4.77 0.73 - 0.52 -
51 E.L. - 4.75 0.63 ± 0.49 

49 E.L. - 4.04 0.57 :: 0.49 

51 E.L. 4.12 0.81 ! 0.48 

51 E.L. - 3.67 0.11 ! 0.41 

37 E.L. 5.14 0.66 :!: 0.57 

51 E.L. - 9.01 1.7 :!: 0.69 

52 E.L. - 27.8 2.8 ± 1.3 

43 E.L . - 7.07 2.0 :t 0.68 

Detection Limit (LDL) for tritium oxide in air is 0.5 
which is 0.007% of the RCG. 

X 

bRadioactivity Concentration Guide (RCG) = 7000 X 10- 11 uCi/ml 
for the general population and for soluble form of tritium. 

?e!'C2!1C 

of RCGb ----
0.07 

0.05 

0.04 

0.02 

0.01 

0.01 

0.009 

0.008 

0.01 

0.002 

0.009 

0.02 

0.04 

0.03 

10-11 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

d Average environmental level (E.L.) subtracted from data . 

------------------------------------------------------------ Air-Radioactive 
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--------- ?a:::>le lO - ECRE:-1El\TAL CO:KE~TRATION OF PLUTONIUM-233 
J0: AIR .;I 0:-JSIT:S .3A!'1PLHiG LOCATIONS IN 1982 

:-lum!::>er 
Rar:.qe c Averagea,c,d ?ercent 

~-

~·='C':i :.ion Sa::mles "0-17 \.L .;Ci/ml) (10- 17 
uCi/::!1) of RCG 0 

-----

2ll ..i..~ l. 66 63 8.8 ~ 10.9 

2:L2 ' ~ 0.25 3.46 0.85 - 0.57 .L.: -

213 12 l. 72 - 12.5 3.83 - l. 87 
') 1 1 l2 0.73 - 5.02 2.39 0.92 
__ ., 

-
215 12 O.l6 - l. 51 0.52 - 0.3l 

3 Lower Dcteccion Limit (LDL) for 238 ~u in air is 0.1 x lo- 17 

~C~'rnl which is 0.001% of the RCG. 

D -17 
'RaciJ2~tivicv Concentration Guide (RCG) = 7000 x 10 uCi/ml 

for the soluble form of plutonium-238 for individuals in the 
;:::o::;,c:.l.Jt.ion. 

-~rror limits are estimates of the standard error of the estimated 
2e3~s at the 95% confidence level. 

c: 
.1werage enviror .. ·nen-t:al level (:S. L.) subtracted from data . 

0 .13 

0.01 

0.05 

0.03 

0.001 

-------?able ll - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENT.l\L 
~2V~LS I'J !>.I:il. AT ONSITE SAMPLING LOCATIONS IN 1982 

... '!... 

211 12 

; 1 1 i 2 

12 

12 

Range 

::.o- 17 JCi/ml) 

0.1 0.58 

0.03 0.52 

0.01 - 0.55 

0.04 0.57 

0.002 0.48 

Aver~ge a,b
-17 

( 10 uCi/ml) 

0.29 • 0.13 

0.25 = 0.11 

0.24 0.11 

0.28 = 0.11 

0.24 = 0.11 

238Pu 
____ __:,_a--;-b--

Averaqe ' 

(10 - 17 'JCi/ml) 

8.83 :!: 10.9 

0.88 :: 0.51 

3.86 ! 1.87 

2.42 ~ 0.92 

0.55 ± n.Jl 

Ratio 
238Pu/239,240Pu 

30.4 

3.52 

16 . 1 

S.64 

2.29 

'Lc~er Cetection Limit (LDL) for 239 ' 240 Pu in air is 
~~c LDL for 238 Pu is 0.1 x 10- 17 ~Ci/ml. 

-17 ' 0.02 x 10 JC~/ml. 

!::>~rrcr ii::1ics are estimates of the sta~dard error of the estimated means 
~t the 95' confidence level . 

-------------------------------------------------------·--------Air-Radioactive 



Table 12 - INCREMENTAL CO:-<CENTRATION OF :'RI'I:i:C.'~ 

OXIDE IN AIR AT ONSITE S&~PLING LOCATIONS IN 1982 

Tritium Oxide 
Number d a c ,.;; 

of Range Average ' ,~ 

Location SamEles (lO-ll :JCi/ml) (10-11 :JCi/ml) 

211 52 E.L. 15.8 5.26 . ')-
- .l."-:> 0.02 

212 so E.L. - 10.7 3.93 :!: 0.96 U.02 

213 48 E.L. 61 5.65 ~ 2.66 - 0.03 

214 41 E.L. - 9.0 3. 02 ± 0. 8 4 0.02 

215 46 E.L. - 6. 4 8 2.07 :: 0.66 0.01 

aLower Detection Limit (LDL) for tritium oxide in air is 0.5 x 10-ll 
~Ci/ml which is 0.003% of the RCG. 

bRadioactivity Concentration Guide (RCG) 20,000 x lO-ll ~Ci/ml 
for individuals in the population and soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

Air- Nonradioactive 
The primary source of nonradioactive 

airborne emissions is the Mound steam 

power plant. This plant is normally 

fueled with natural gas, but has the 

capability to burn fuel oil. During 

unusually cold weather, if the natural 

qas supply to Mound is interrupted, fuel 

oil with <1% sulfur content is burned. 

Approximately 62,000 gal of fuel oil was 

burned during 1982. 

Additional sources of airborne emissions 

are as follows. A waterwash, paint 

spray booth is operated intermittently 

in the Mound paint shop. Wastes from 

operations involving explosives are 

disposed of by open burning under a 

permit issued by the Regional Air 

A 1r· Radioacuve/ Air-Non radioactive 
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Pollution Control Agency (RAPCA} . A 

maintenance grinding operation and a 

carpenter shop are operated on an inter

mittent basis. Fire-fighter traini~g 

exercises are held at an open outdoor 

facility under a burning permit issued 

by RAPCA. 

Emissions from sources rrgistered with 

the Regional Air Pollution Control 

Agency (RAPCA) and the Ohio EPA for 

which applicable emission standards 

exist are summarized in Table 13. The 

emissions were estimated from emission 

factors established by the U.S. EPA or 

from material balances (7] .. The partic

ulates from the grinding and carpenter 

shop r.perations are captured by cyclone 

air ~~eaners rated at 95% efficiency . 

• 

• 
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=::::iss :0r. L::-.i.ssior:.;J 
Sta::Ca.=c.-

.:,: 
s ~3.r-~.:: :1::-.:: 

?o· ... :e:- :1ouse Particu_;_ates 0. 013 l!:l/10 ° Btu 
Input 

0.2 18/10 6 Btu 0. :J 

Sul~ur Oxides 0.018 lb/10° 3tu 
Ir:put 

1.6 lo/10 6 Btu 

~2_y-e ?i9hter 
-~·:.· ~:. i. ;1i:1g 

0:-ganic:s 

P:lrti:::ula tes 

Pa rtict:la tes 

0. 32 lb/da~· 0 .. 3 

7 :..b NA 

13 lb NA 

a.Ohic :::r-.::.. _;.ir f'ollucion Regulacions 3745-17-01 through 3745-17-13 
ar:8 3~45-21-01 throush 3745-21-08. 

~A - net applicable. 

~or:rad'o~ctive airborne emissions at 

~o~:.~ ~~ro all within applicable 

sri:~\.::c'r-.::s Jnd had minimal impact on 

J~h:~r:t ~ir quality. This is further 

~e~ar:s:~c~ed bv the particulate con

~·e::-.-.:,~c::'.·:J:-1 ::lata sum!narized in Tables 14 

~=-.':· : ores~r:ted are weekly particu-

l2.tc- c~''lC"r:rltrc.t.ions measured at Mound's 

n~~~i~~ and cnsite air-sampling sites. 

T~e ?2~ticulat~ cancentration at nnsite 

:cc~t~rn~ L~ somewhat lower than at off-

The particulate concen-

=ra~ion J!so appears to be independent 

~f dist3r:c~ from Mound. This would 

sussest r:o ir:fluence from Mound opera-

for comparison purposes, the 

S~0t~ o: Ohio - ~~bient Quality Standard 

f0r airbrrne carticulates is also given 

Water - Radioactive 
Water sampling locations along the banks 

of the Great Miami River were select~d 

according to guidelines recommended hv 

the U.S. EPA [8]. The locations, shown 

in Figure 6, provide samples that are 

representative of river water afcer 

considerable mixing of the effluent f~om 

Mound has occurred. Water samples are 

normally collected and filtered in the 

field at these locations five days per 

week, and are subjected tc specific 

analyses for plutonium-238 and tritium. 

Large-volume water samples are analyzed 

by compositing daily samples for a 

quarterly analysis. The averag~ incre

mental concentration of plutonium-23& 

measured for all locations in the Great 

Miami River was 1.82 x l0- 12 uCi/ml 

which is 0.00009% of the RCG for the 

--------------------- Air-Nonradioactive/Water-Radioactive 



Location 

Table 14 - 1982 WEEKLY PARTICULATE 
CONCENTRATION DATA OFFSITEa 

Number 
of 

Sam12les 

Range 

(;;g;n6_ 

101 41 

102 49 

42 - 202 

7 - 234 

97 .;. 14 

76 = ll 
103 52 

104 51 

105 50 

27 - 161 

35 - 212 

22 - 153 

67 = 
91 .. 

66 -

108 52 47 

110 52 24 

- 239 

- 170 

109 :: 

63 :: 

lll 52 

112 52 

28 

34 

- 476 

212 

10 3 ± 

7 3 .;. 

115 47 18 - 152 

118 50 26 - 203 

119 48 19 - 209 

122 51 21 - 183 

123 52 28 - 185 

124 52 29 - 228 

aOhio Ambient Air Quality Standard= 60 ug/m 3 . 

bError limits are estimates of the standard error 
of the estimated means at the 95% confidence level. 

These data are obtained by the Mound air monitoring 
program and are indicative only of the particulate 
air loading of the Dayton metropolitan area. Mound 
particulate discharges presented in Table 13 make a 
negligible contribution to the surrounding area. In 
addition, Table 15 presents onsite particulate data. 

65 :: 

80 :: 

64 :!: 

60 .;. 

76 ± 

78 :: 

8 

ll 

8 

12 

8 

19 

9 

7 

ll 

10 

9 

9 

10 

general population, the most restrictive 

standard for plutonium-238. These re

sults arr summarized in Table 16. 

The total amounts of plutonium-238, 

tritium, and uranium-233, 234 discharged 

to the Great Miami River during 1982 

Weekly samples are analyzed for tritium. 

The average incremental concentration of 

tritium measured at all locations in the 

Great Miami Riv~r was 0.12 x 10-6 

~Ci/m1 which is 0.01% of the RCG for the 

general population. These results are 

summarized in Table 17. 

were 1.21 mCi, 13.7 Ci, and 0.56 mCi, 

respectively. These concentrations were· 

0.02%, 0.43% and 0.002% of the most 

restrictive RCG for individuals in the 

population. It should be noted that a 

drainage control system consisting of 

retention basins and an overflow pond 

was placed in operation in 1979 to 

Air-Nonradioactive/Water-Radioactive --------------------
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~;umOe= 
Range of Average 

L(""·C 3.:. i 0:1 5am::::es ("a/m~ 3 a 
(:.:a/m ) 

2ll Sl -,-
~:J - 169 73 = 8 

2l2 51 30 - 168 72 = 8 

213 51 27 - 346 86 :: 13 

2l4 49 15 - 204 60 = 9 

215 52 26 - 231 70 : 9 

acrror limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

:·P:::uce pl:.!trJr:::.Jm levels. in plant ef:l:lu-

e:-: t. s. T'~e system reduced the quantity 

of ?lc~crium-238 discharged in 1982 by 

epproximately 73% as compared to 1978. 

Z.:ro;;,itJm-:'3.3, 234, and 238 were also 

mc:·.i::.::reC: at the river water. sampling 

locations during 1982. The average 

incremen~al concen~rations of uranium-
.,-, 23' 0 "8 '0-lO C'/1 ..:. J..::., q, ·...,·ere .... .~ x 1 ;J ~ m 

~hie~:~ 0.J0008% of the RCG. Uranium-

:38 was at the environmental level shown 

:n addition, as shown in 

~able :3, :he ratio of uranium-233, 234 

::; ur:~:·,i:.:m-228 is ;::lightly greater than 

u:-.>:·, ·,;hich i.s ir. range of background 

[91. This is expected 

secular equilibrium. 

::.:t:: ·.-::.~- ,.,(~Cit:i:.'n?.l surface water loca-

~:~~~. ~uc~ as ~onds, in all qu~drants 

s~rro~~di~; ~ound as shown in Figure 6 

n~e sa~pied cuarterly for plutonium and 

tritt~m ~nal~ses. The samples used for 

p!:.Jto~ium-238 d0termination are also 

The large 

volumi of sample increases the sensi

tivity of the analysis for plutonium. 

A smaller aliquot (10 ml) is taken which 

is adequate :or the tritium analysis. 

The average concentrations of 

plutonium-238 and tritium for all loca

tions were 1.5 x 10- 12 ~Ci/ml and 0.1 

x 10-6 uCi/ml, respectively, which are 

0.00008% and 0.01% of the respective RCG 

for the general population. The results 

of the surface water samples are summar-

ized in Tables 19 and 20. Environmental 

levels (Table 3) have been subtracted 

from the concentration of plutonium and 

tritium in water. 

During 1982, Mound continued to monitc·r 

the results of a previously reported 

program for reducing the concentration 

of tritium in a nearby aquifer. The 

Potable Water Standards Project was 

initiated in 1975 to bring the local 

aquifer into co~pliance with a new E?A 

standard for tritium in community drinY.-

ing water. The standard, 20 nCi/L, was 

SO times lower than previously existing 

---------------Air-Nonradioactive/Water-Radioactive 
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FIGURE 6 - Offsite water sampling locations. 
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Table l6 - INCRE~lENTAL CO:.JCEL\TRATION G? 
PLliTC:-JIUM-238 I~~ THE GREAT :'-1IAI1I RIVER IN 1982 

Pluton.ium-238 
X umber 

Range 
d 

of 
Loca.tion Sam::>les 

a ( l0- 12 
uCi/ml) 

l 4 E.L. - 0.7 

2 " E.L. - 2.3 .. 
3 3 0.2 - l3 

4 4 1.9 4. 7 

s 4 0.2 2. 1 

b :1 e 
Average ' ' 

(10-12 ,,Ci/ml) 

0. 2 :': 1.8 

0.7 :: 1.9 

4. 5 :: 18 

2.7 ~ 2. 3 

l.O ~ 1.5 

Percent 

0.00001 

0.00004 

0.0002 

0.0001 

0.00005 

3
Cc.mposite large volume water samples for each location from water 
col!~cted during 1982. 

0~ower Detection Limit (LDL) for 238 Pu in water is 0.4 x lO-l 2 

<!Ci/ml which is 0.00002% of the RCG. 

cRadioactivity Concentration Guide (RCG) = 2,000,000 x 10-12 ,:Ci/ml 
for the general population and the soluble form of plutonium-238. 

-l 

''.::werage environmental level (E. L.) subtracted from data. 

eError limits are estimates of the standard error of the estimated 
means at the 95% confidence level . 

DOE standards, leaving Mound's three 

wells ~n.d eight offsite private wells 

o~~ o~ compliance. The background level 

a~ ~ri~icm in the aquifer had been 

i~creascd oy past tritium operations at 

i·!cu:;(:, but: t:he concentrations of tritium 

were w~ll within the DOE standard. Re

lease of tri~ium process liquid efflu

?~ts to the e~vironment had been dis-

The project involved 

a:; ~xt~nsive study of the aquifer, and a 

decision was made to attempt to bring 

t:~e aquifer into compliance with the EPA 

standard throuqh high-volume pumping of 

water fro~ the aquifer with replacement 

b':· inc:,:c<:c infiltrEtt:ion of water from 

tho G::-l'~t Minmi r<ivE>r . By 1981, all 

wells were in compliance; the final 

report was issued, and the project was 

transferred to the routine environmental 

monitoring program. During 1982, the 

wells were kept in compliance, and an 

attempt was made to reduce the amount of 

high-volume pumping. Mound well #1 was 

not pumped at all for this program, and 

Miamisburg Well #2 was used less than 

half of the year. The average concen

tration of tritium in all affected off

site wells during 1982 was 9 x 10-
6 

uCi/ml, or 55% below the EPA standard. 

Occasional pumping of the aquifer will 

continue in 1983 to ensure that wells 

remain in compliance. This project will 

continue on <1 routine basis until date1 

----------------------------Water-Radioactive 
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Table 17 - INCREMENTAL CONCENTRATION OF--------------------
TRITIUM IN THE GREAT MIAMI RIVER IN 1982 

Tritium 
Number Ranged Averagea,c,d Percent of 

Location Samples ( 10-6 IJCi/ml) (10- 6 1-!Ci/ml) of RCGb ----
1 30 E.L. - 0.6 0.06 :!: =·. 21 0.006 

2 30 E.L. - 0.6 0.11 :!: 0.21 0.011 

3 30 E.L. 0.5 0.13 . 0.21 0.013 

4 30 E.L. - 0.6 0.17 !: 0.21 0.017 

s 29 E.L. 0.7 0.13 = 0.22 0.013 

a Lower Detection Limit (LDL) for tritium in water is 0.2 X 10-6 

wCi/ml which is 0.04% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared 

to tritium concentration in water not used for drinking purposes 

= 1000 x lo-6 IJCi/ml for the general population and the soluble 

form of tritium. 

cError limits are estimates of the standard error of the estimated 

means at the 95% confidence level. 

dAverage environmental level (E.L.} subtracted from data. 

indicate that pumping can be terminated. 

Additional details concerning this pro

ject have been reported by Styron and 

Meyer flO). Analytical results from the 

private wells are summarized in Table 

21. 

Drinking water from communities in the 

surrounding area is sampled and analyzed 

quarterly for tritium. These communi

ties and their relative locations are 

shown in Figure 1. The average concen

tration of tritium for all locations was 

0.8 x 10- 6 ~Ci/ml which is 4% of the 

standard adopted by the U.S. EPA in 1977 

for community drinking water systems. 

Water-Radioactive 
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Data from the analyses of community 

drinking water samples are summarized in 

Table 22. The environmental level in 

Table 3 for tritium in water is not 

subtracted from these data. 

Four private wells and Miamisburg city 

water were sampled and analyzed quarter

ly for plutonium-238. These samples 

were also large-volume water samples. 

The average incremental plutonium-238 

concentration for these locations was 

0.7 x lo- 12 ~Ci/ml which is 0.00003% 

of the applicable DOE RCG for the gen

eral population. These results are 

shown in Table 23. 

• 

• 

• 
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---· T.lble IH- INCRE~II:~T,;, <:vNC:ENTMTION OF lJ1,Ll
4

u fi~JD 23
Hu IN '!'Iii: GREAT MIAMI RIVER IN l9B2 -------------· ---- -~ 

l.OC.tl lOll 

' ) 

Number 
of 

S"mpl"':'" 

2 J i. 2 l4ll 

----~-;---ct---- --A---~-~~·c--J>.-.-,-,~~-:,,-t-· 
,any~ \:eLay~ ~ ~-

_l_i_~~-1~_:,Cl/~_ _1_!~=--l~ .. Ci. ~ ~-RCGf~~ 

1.:. 1.. - l. 7 0.2 l. 3 0.0002 

J:. L. - 0.9 1:. I.. 

1..1 .. - O.'i I:. L. 

L. !.. - 0. 7 o.:: :.!.7 0.0002 

LJ .. - o.s f: . l.. 

,, 
L'c•mt•USllL' ldr~Je ·:~J~UiliL' y,;,tlt·r s~tmi•lt.:s for t!dch loc~1Lion. 

" Ranqe 

_1_1_ ~ =~.::._.::...CJ.i~.!..! 
J-:. L. - 0. 3 

E.! .. - 0.4 

L.L. - 1.4 

L.L. - 0.0~ 

E.L. 

LL. 

f..l.. 

E. L. 

E.L. 

E. 1.. 

bJ.,)wer Det~ct ion 
f"l'S~CL't i Ve J J', 

Ll!ttl l (J.DL) fur ~JJ,:l 4 ll and 23 Hu in w.:Jter is 0.02 x 10·-IO ,•Ci;'ml and 0.06 x 10-IO I•Ci/ml, 

._·J:rror l1mits di·c esttm.:.tu..:s ut tile StdndJn..l L'r·r(•r of the cstim.:lted mc~ans .Jt Lhl! c.J5't cunfidenc0 leVL•l 

dA ratio slicjht.ly qreutt.:r than unity indicates naturally o..:curriny uranium llll. 
cnv i r·onmen ta 1 lt.:vt~ l s subl rae ted. 

L!Av,•ru~·lc Crlvirurtmt..:nt.J.l lev(:i (t::.L. 1 sui.Jtracte ... ! f1·on1 dat<t. 

Does nol have 

fUOI·: Concentr.ttlOI• Guide (:<CGl for 
23

J•
234

L' ~ 100,000 >: I0- 10 .• ci.-ml for the '1""'-'rul population. 

"DuE ConcentL1l.l011 c·~id" IRCG) for ;:;bl: = 400,000 X l0- 10 ,.C'J/ml lor the CJl!IH~rdl JA)J'lll.llion. 

i 
. d I Ra t.lo 

~ lJ, 2l4u 1 ~3Hu 1 

···-·----- - ·--I 
I. I 
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0.9 
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Table 19 - DlCRE:!"1ENTAL CO:KENTRATION OF 
PLUTONIUM-238 IN SURFACE WATER IN 1982 

Plutonium-238 
Number Ranged,e Averageb ,d' c 'e· Percent of 

Location Samolesa (10-l2 :JCi/ml) (10-12 !.!Ci/ml) of RCGc 

10 3 0.8 6.6 2.9 ± 7.2 0.0001 

11 4 0.3 4.8 2.7 :: 3.4 0.0001 

12 4 E.L. - 3.0 1.0 :: 2.3 0.00005 

13 4 E.L. 4.0 1.5 ± 3.0 0.00008 

14 4 E.L. 3.0 0.8 :: 2.6 0.00004 

15 4 E.L. - 1.0 0.4 ... 1.3 0.00002 

16 4 E.L. - 3.7 1.0 :: 3.0 0.00005 

17 4 1.0 - 2.6 1.7 ± 1.3 0.00009 

acomposite large volume water samples were used for each location. 

bLower Detection Limit (LDL) for 238 Pu in water is 0.4 x l0-12 wCi/ml 
which is 0.00002% of the RCG. 

cRadioactivity Concentration Guide (RCG) for 238 Pu in water = 2,000,000 
x lo-12 wCi/ml for the general population and soluble form of plutonium-238. 

dError limits are estimates of the standard error of the estimated means 

at the 95% confidence level. 

eAverage environmental level (E.L.) subtracted from data. 

Water - Nonradioactive 
Mound discharges an average of 0.82 

million gallons of water per day to the 

Great Miami River. Nonradioactive 

pollutants in this effluent water are 

regulated by an NPDES (National Pollu

tant Discharge Elimination System) 

permit issued by Region V of the U.S. 

EPA. This permit requires Mound to 

characterize its effluent water by 

analyzing samples collected at four 

onsite locations. 

A 24-hr composite, flow proportional 

sample, and grab sample are collected 

from discharges 001-A, 001-B, and 002. 

Discharge 001-A contains the effluent 

from the sanitary sewage treatment 

plant. Discharge 001-B includes storm 

water runoff, single-pass cooling water, 

zeolite softener backwash, boiler-plant 

blowdown, and discharge from the radio

active waste disposal facility. Dis

charge 002 consists of single-pass 

cooling water, cooling tower blowdown, 

Water-Radioactive/Water-Nonradioactive -------------------
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Location 

10 

ll 

12 

l3 

14 

15 

16 

17 

~a~le 20 - INCREMENT.~ CONCENTRA~ION OF 
TRITIUM IN SURFACE WATER IN 1982 

Tr i ti :.11TI 

Number Range d Averagea,b,d 
of 

Salt'~ ( 10-6 uCi/ml) ( 10-6 uCi/ml) 

18 E.L. 0.4 E.L. 

18 E.L. - 0. 5 0.02 .. 0.23 

17 E.L. - 1.8 0.18 :!: 0.39 

19 E.L. - 0.4 E.L. 

19 E.L. - 1.2 0.22 - 0.26 

18 E.L. - 0.8 0.10 ± 0.24 

19 E.L. - 1.4 0.09 ... 0.31 

18 E.L. 0.7 0.20 :!: 0.23 

a -6 Lower Detection Limit (LDL) for tritium in water is 0.1 x 10 
:-;Ci/ml which is O.Ol% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared to 
tritium concentration in water not used for drinking purposes = 
1000 x lo-6 ;Ci/ml for the general population and soluble form 
of triti'..llTl . 

Percent 

of RCGc 

0.002 

0.018 

0.022 

0.010 

0.009 

0.020 

ccrror limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

zeolite softener backwash, and most of 

the storm water runoff. An 8-hr com

posite, time proportional sample is 

collected from discharge 001-C, the 

eff~uent from the electroplating 

~aciiity which subsequently flows to the 

~a~itarv sewage treatment plant. The 

;.:c.tl~r samples are analyzed for water 

qualit~ parameters according to standard 

methods [ll]. The results of effluent 

~nalyses for 1982 are summarized in 

Ta:::l.'" 24 . 

The EPA additionally requires Mound to 

monitor the flow from two wells which 

are periodically pumped as a part of the 

Potable Water Standards Project. One 

hundred and thirty million gallons were 

discharged from one of these wells, 

discharge 003, in 1982. No water was 

discharged from the other well, dis

charge 004. 

-------------------Water-Radioactive/Water-Nonradioactive 
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Table 21 - TRITIUM IN PRIVATE ~~LLS I~ 1982 

Tritium 
Number Range e Averagea,b,d,e Percent of 

Location Sarn12les (10-6 uCi/ml) (10- 6 :JCi/ml) Sta::dardc 

B-l 44 4.9 - 14 8.1 :!: 0.6 41 

B-3 12 6.1 7.8 7.0 :: 0. 4 35 

J-1 12 4. 3 - 9. 3 6.6 :: 0.9 33 

B-R 39 9.2 - 14 12 :: 0. 4 60 

B-H 44 4.8 l3 ll :!: 0.8 55 

aAll wells are now in compliance with the new EPA Standard of 
20 x lo-6 uCi/ml. 

bLower Detection Limit (LDL) for tritium in water is 0.3 x 10-6 

uCi/ml which is 2% of the EPA Standard. 

cEPA Standard for tritium in.community drinking water systems 
= 20 x lo- 6 uCi/ml. Mound is using the EPA Standard as a guide 
for the private water supplies. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

eEnvironmental level is included in these data for comparison to 
the EPA Standard. 

A total of 1358 NPDES analyses were per

formed in 1982. From these measure

ments, an effluent parameter exceeded 

its maximum discharge limit 47 times. 

In addition, Mound effluents exceeded 

monthly average limits 20 times in 1982. 

High suspended solids resulting from 

storm runoff were responsible for 29 of 

the 35 exceptions caused by weather 

conditions. Cold temperatures stressing 

the sewage treatment plant and deicing 

of snow covered roads were the cause of 

the other weather-related exceptions: 

suspended solids and dissolved solids, 

respectively. A total of 21 exceptions, 

pH and suspended solids, were related to 

boiler blowdown from the powerhouse. 

Most of these exceptions were caused by 

the replacement of the hydrogen zeolite 

unit with a reverse osmosis unit de

signed to improve the quality of boiler 

feedwater. During the installation of 

the reverse osmosis unit the boilers 

were fed with tap water. This necessi

tated more frequent and higher volume 

boiler blowdowns to prevent the buildup 

of solids in the boiler. The electro

plating operations were responsible for 

seven exceptions. Two of these excep

tions resulted from cleaning and 

Water-Radioactive/Water-Nonradioactive -------------------
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:.,ocations 

Bellbrook 

Ce:1t.erv ille 

Da:,.·ton 

Franklin 

Germantown 

Kettering 

Y.iamisburg 

:>!idd le town 

Moraine 

\'iaynesville 

c\.:!st Carrollton 

Table 22 - SuHMARY OF TRITIG:>i I.E:VELS I~ 

COMMUNITY DRINKING WATER I~ 1982 

Nur:1ber 
of 

Samples 

4 

4 

4 

3 

4 

4 

4 

4 

4 

4 

4 

4 

Tritium 
d 

Range 
-6 

(10 :.;Ci/ml) 

0. 4 - 1.1 

0.2 - 1.0 

0. 4 - 0. 8 

0. 4 - 0.9 

0.2 - 0.9 

0.5 - 1.5 

0.8 - 2.9 

0.3 1.0 

0.5 1.1 

0.6 1.3 

0.5 - 1.0 

0.6 1.1 

Averagea,c,d 

(10- 6 ;_~Ci/mll 

0.7 ~ 0.5 

0.6:!: 0.5 

0.6 = 0.3 

0.7 - 0.7 

0.6 - 0.6 

0. 9 .!: 0.8 

1.7 :!: 1.5 

0.6 = 0. 6 

0. 8 :!: 0.5 

0.9 :!: 0.4 

0.7 :': 0.4 

0.9 :': 0. 4 

Percent 

Star.carcb 

3.5 

3.0 

].0 

3. 5 

].0 

4.5 

8.5 

].0 

4.0 

4.5 

3. 5 

4.5 

ai.ower Detection Limit (LDL) for tritium 
:3 l~ of the EPA Standard for community 

-6 oxide is 0.2 x 10 uCi/ml which 

0 C::PA Drinking ~'later Standard for tritium 
crinking water systems. 

drinking water. 

= 20 x 10-6 ~Ci/ml for community 

cError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

dEnvironmental level is included in these data for comparison to the EPA 
St-andard. 

dismantling equipment prior to the startup 

af the new electroplating facility. The 

last e:ectroplating exception of 1982 

occurred during startup of the new 

:':.-'lcilit::. 

powerhouse and electroplating were major 

causes of exceptions in 1982; however, 

these modifications will result in 

better operation and will decrease the 

frequency of future exceptions. 

Ir. sur:1mary, the number of exceptions has 

approximately doubled since last year, 

l98l. Increased rainfall and subsequent 

storm runof: accounts for half of the 

1982 exceptions. Upgrading facilities 

and ir.stalling new facilities for the 

According to data obtained from the U.S. 

Geological Survey, the flow rate of the 

Great Miami River in 1982 averaged 2000 

million gallons per day (MGD) with a 

minimum and maximum of 290 MGD and 

16,700 MGD, respectively. The magnitude 

------------------- Water-Radioactive/Water-Nonradioactive 
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Table 23 - INCREMENTAL CONCENTRATION OF PLUTONH.::-1-238 IN PRI'IA'IE 
w"ELLS AND MIA1'1ISBURG MUNICIPAL DRINKING ~·iATER IN 1982 

Plutonium-238 
Number Range e Averageb,d,e Percer;~ of 

Location Samoles a ( 10- 12 uCi/ml) ( 10- 12 :.:Ci/ml) of F.CGc -----
Miamisburg 4 E.L. E.L. 

B-1 4 E.L. - 6 .l 1.9 ~ 4.6 0.0001 -

B-3 4 E.L. - 1.9 0.8 :': l.7 0.00004 

J-1 4 E.L. E.L. 

aComposite large volume water samples were analyzed from each location 
from water collected during 1982. 

bLower Detection Limit (LDL) for 238 Pu is 0.4 x l0-12 ~Ci/ml which is 
0.00002% of the RCG. 

cApplicable DOE Radioactivity Concentration Guide (RCG) for 238 Pu in 
water = 2,000,000 x lo- 12 uCi/ml for the general population and soluble 
form of plutonium-238. 

dError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

eAverage environmental level (E.L.) subtracted from data. 

of this river flow is significantly 

greater than Mound effluents and, in all 

cases, the above exceptions had no 

adversP- impact on the Great Miami River. 

In addition, a review of the data in 

Table 24 indicates that Mound effluents 

did not cause the Great Miami River to 

exceed Ohio Stream Standards. 

Foodstuffs and Vegetation -
Radioactive 
Various locally grown foodstuffs and 

vegetation samples are collected from 

the surrounding area. The intent of 

this portion of the Environmental 

Monitoring Program is to determine 

whether there is any significant uptake 

and concentration of radionuclides hy 

plant or animal life. Samples were 

collected in Miamisburg, Centerville, 

and Bellbrook. Centerville and Bell

brook are in the prevailing wind 

direction from Mound at a distance of 

8 km (5 mil and 16 km (10 mi), 

respectively. Both communities are 

shown in Figure 1. Fish were collected 

in the Great Miami River. Mound's out

falls are shown as dotted lines in 

Figure 6. The plutonium-238 ,content of 

the foodstuff and vegetation samples is 

determined by ashing the samples, then 

proceeding with the same techniques used 

Water-Radioactive/Water-Nonradioactive/Foodstuffs and Vegetation 
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for plutonium-238 analyses of air 

samples (see section on Air - Radio

~ctivel. The tritium content of the 

foodstuff and vegetation samples is 

determined by distilling the water from 

the sample, then analyzing the distil

late for tritium. The results of the 

foodstuff, vegetation, and fish analyses 

3re summarized in Tables 25 and 26. The 

concentration is given in terms of the 

sample weight (wet weight) before ashing 

or distilling. The samples of aquatic 

life analyzed included only the edible, 

fleshy portions of fish. These analyses 

indicate no evidence cf any signif1ca~: 

uptake or concentration by ?lan~ or 

animal life of the radionuclides handle~ 

at Mound. Environ~ental levels for 

foodstuffs and vegetation have been sub

tracted from the data (Table J). 

Silt - Radioactive 
Silt samples were collected from t~e 

river and surface water sample locacions 

shown in Figure 6. 

The results of the silt sample analyses 

are found in Table 27 and 28. 

Table 25 - INCREMENTAL PLUTONIUM-238 IN 
FOODSTUFFS AND VEGETATION IN 1982 

Location 

Miamisburg 

Ce n te rv i lle 

Bellbrook 

Mound 
(outfall 
to river) 

Type 
of 

SamEle 

Grass 

Potatoes 

Grass 

Potatoes 

Grass 

Potatoes 

Fish 

Number 
of 

sameles 

8 

4 

8 

4 

8 

4 

8 

Plutonium-238 

Range a Averagea,b,c 

(10- 6 
:;Ci/~;1) (10- 6 :..!Ci/:;zl 

E.L. - 0.012 0.0015 :: 0.0034 

E.L. - 0.00004 E .L. 

E.L. - 0.0001 E.L. 

E.L. - 0.0003 E.L. 

E.L. - 0.0014 0.0001 :: 0.0006 

E.L. E.L. 

E.L. - 0.0004 E.L. 

aAverage environmental level (E.L.) subtracted from data. 

°Crror limits are estimates of the standard error of the estimated 
means at the 95% confidence level, 

CLower Detection Limit 
0.0004 X 10-6 ~Ci/g. 
0. 0004 X 10-6 \lCi/g. 
0. 0002 x lo-6 ~:Ci/g. 

(LDL) for plutonium-238 in grass samples is 
LDL for plutonium-238 in potato samples is 
LDL for plutonium-238 in fish samples is 

Foodstuffs and Vegetation/Silt-Radioactive 
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Table 26 - INCREl1ENTAL CONCENTRATION OF --
TRITIUM IN VEGETATION I" 1982 

Tritium 
1'ytJe Number 

Range c Averagea,b,c,d 
of of 

L-ocation Sample Samples (10- 6 uCi/g) (10- 6 uCi/g) 

Miamisburg Grass 8 0.20 0.84 

Tomatoes 4 0.34 - 0.58 

Centerville Grass 8 E.L. - 0.97 

Tomatoes 4 E.L. 

Bellbrook Grass 8 E.L. - 0.11 

Tomatoes 4 E.L. - 0.07 

aLDL for -6 tritium in grass is 0.04 x 10 uCi/g. 

bLDL for tritium in tomatoes is 0.09 X 10- 6 uCi/g. 

0.49 ... 

0.48 = 
0.24 :: 

E.L. 

0.01 :: 

E.L. 

cAverage environmental level (E.L.) subtracted from data. 

0.22 

0.38 

0.36 

0.15 

d Error limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

Table 27 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN SIL'1' FROM RIVER MONITORING LOCATIONS IN 1982 

238Pu 238Pu 

~umber Range Averagea,b,c 
of 

Location sameles (10- 6 
uCi/g:l (10 -6 

l 4 N.D.c 0.003 0.0006 

2 4 0.01 - 0.09 0.03 

3 4 0.04 - 0.07 0.05 

4 4 0.01 - 0.29 0.10 

5 4 0.008 0.22 0.06 

aLower Detection Limit (LDL) for 238 Pu in silt is 
0.001 x 10-6 uCi/g. 

bError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

uCi/g:l 

:!: 0.004 

:!: 0.06 

:: 0.03 

:!: 0.22 

:: 0.16 

cNot detectable. (Environmental level and sample values cannot be 
detected above reagent blanks, therefore includes environmental 
level.) 

------------------Foodstuffs and Vegetation/Silt-Radioactive 
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Table 28 - INCREMENTAL COI-<CE~iTRATION OF ?Li:.iTONiliM-232 --
IN SILT FROM SURFACE WATER MONITORING LOCATIONS I~ 1982 

238Pu 238Pu 

Number Range c Averagea,b,c 
of 

Location Samples (10-6 uCi/q) (lo- 6 
L!Ci/·;il 

10 4 E.L. - O.COl E.L. 

11 4 E.L. E.L. 

12 4 E.L. E.L. 

13 4 E.L. E.L. 

14 4 E.L. - 0.004 0.0003 . 0.006 

15 4 E.L. - 0.065 0.016 :!: 0.054 

16 4 E.L. - 0.005 0.0008 :: 0.006 

aLower Detection Limit (LDL) for 238 Pu-is 0.001 x 10-6 

;;Ci/g. 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

1 
cAverage environmental level (E.L.) subtracted from data. 

'-------------------------------------------------------------------------~ 

Evaluation of dose 
commitment to the public 
A dose assessment was performed for 

radionuclides in the environment from 

Mound operations. These radionuclides 

are plutonium-238 and tritium. Tritium 

(oxide) is the only radionuclide at 

Mound for whi~h the critical organ is 

the whole body. The critical organs for 

plutonium-238 are assumed to be the lung 

for insoluble material and the bone for 

soluble material. The solubility of 

plutonium-238 in the receptor is unknown 

at Mound; however, it is highly probable 

that most of the plutonium-238 is in the 

oxide form, which is very insoluble. In 

order to provide a realistic but 

conservative dose commitment estimate, 

it is assumed that 50% of the plutonium-

238 is insoluble and 50% is soluble. 

This technique remains conservative, 

since it is expected that most of the 

plutonium-238 is insoluble. 

The factor used for the lung dose calcu

lations has also been changed to provide 

a more realistic dose assessment. In 

past years, maximum pulmonary deposition 

was used as the basis for lung dose 

estimates. This may be overly conserva

tive. It is recommended by the ICRP 

Task Group on Lung Dynamics that an 

Activity Median Aerodynamic Diameter 

(AMAD) of 1.0 urn be used as a standard 

aerosol when particle size determination 

cannot be made [12]. This implies a 

Silt-Radioactive/Dose Commitment ---------------------
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more 1:):-c!,able particle sif:e fo:: inhaled 

pa.rt.i.cles. 

The term "dose corr..rnitment," as used in 

this re?ort, is that cumulative dose for 

a period of 50 yr from 1 yr of exposure 

tn ~ given radionuclide. 

Plutonium-238 Assumptions 
and Methodology 
The dose co~~itment estimates for 

plutonium-238 were based on environ

mental monitoring data for 1982. The 

estimat~s for maximum dose commitment to 

the lung at ~he site boundary and maxi

mum dose commitment to the lung in 

individuals were based on the maximum 

onsite incremental average concentration 

of plutonium-238 in air from onsite 

samplers (sampler 211, Table 10), since 

the samplers are in close proximity to 

the site boundary. The maximum dose 

commitment to the lung in population 

qroup(s) was based on the maximum 

offsitc average incremental concentra

tion of plutonium-238 in air (sampler 

123, Ta~le 7). 

The estimates for maximum dose commit

ment to the bone at the site boundary 

and in individuals were also based on 

the rr.aximum onsite average incremental 

concentration of plutonium-238 in air 

and the maximum offsite average concen

tration of plutonium-238 in drinking 

water (average of B-1 and B-3, Table 

:; 3) . T~e maximum dose commitment to the 

bone for individuals in population 

group(sl was calculated using airborne 

concentrations of p1utonium-238 only, 

since the concentration of plutonium-238 

in Miamisburg drinking water was at the 

environmental level. 

The terms "maximum dose commitment at 

the site boundary" and "maximum dose 

commitment to individuals" refer to the 

maximum dose commitment possible for 

individuals to receive, assuming they 

remain at the site boundary 24 hr/day 

and 365 days/yr. The term "maximum dose 

commitment for individuals in population 

group(s)" refers to those individuals 

who reside in an area adjacent to Moun0 

and who receive the maximum dose commit

ment values found in the offsite envi

ronment. 

The calculational methods can be found 

in the Appendix. The results of the 

dose commitment estimate calculations 

are shown in Table 29. 

The data indicate that in all cases of 

dose commitment comparisons, the dose 

commitments are well within 1% of the 

DOE standard. In addition, to provide a 

relative comparison of these dose 

commitment values, the maximum dose to 

the lung of an individual around Mound 

is 0.12 mrem/50 yr. This would be 

equivalent to the additional dose to an 

individual smoking 0.2 cigarettes/yr 

[13] or visiting a friend who lives in a 

brick house (as compared to a wooden 

house) for 3 hours [14). 

Tritium (oxide) Assumptions 
and Methodology 
The dose commitment estimates for tri

tium (oxide) were also based on environ

mental monitoring data for 1982. The 

--------------------------- Dose Commitment 
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,--------------Table 29 - DOSE COi'L"'ITMENT E:STI.MA!ES ------- ------···. 
Tn. tium O:dde 

(:nrem/JO yr) Plutonium-238 (mrem/50 yr) 
% of 

Applicable Whole 
Lung DOE Standard Bone 

% of 
Applicable 

DOE Standard ~ 

~ of 
Applicable 

DOE Standard 

Maximum dose 
equivalent at 
the site boundary 

Maximum dose 
equivalent to 
an individual 

Maximum dose 
equivalent to 
an individual in 
the population 
group(s) 

0.12 

0.12 0.008 

0.02 0.004 

concentrations used for dose commitment 

estimates for tritium (oxide) were 

arrived at by the same method as that 

used for plutonium. The maximum average 

onsite air incremental concentration was 

measured at sampler 213 (Table 12), and 

the maximum drinking water incremental 

concentrntion was the average measured 

at location B-R (Table 21). The maximum 

average offsite air incremental concen

tration was measured at sampler 101 

(Table 9), and the maximum incremental 

concentration in drinking water for 

individuals in a population group was 

that measured in the Miamisburg drinking 

wat~r. The total dose commitment for 

the whole body was obtained by adding 

the dose commitment of tritium (oxide) 

in air and the dose commitment of 

tritium (oxide) in water. The calcu

lational methods can be found in the 

Appendix. The results of the dose 

commitment estimate calculations are 

shown in Table 29. 

Dose Commitment 

40 

l. 85 1.2 

l. 8 5 0.12 1.2 0.2 

0.36 0.07 0.18 O.l 

The tritium data indicate dose commi~

m~nt levels well within 1% of the DOE 

standards. For example, the maximum 

whole body dose commitment to an 

individual around Mound from tritium is 

1.2 mrem. This value is equivalent to 

the additional dose to an individual 

from Ohio taking a 4-day vacRtion in 

Colorado [ 15] . 

Environmental data indicate that Mound's 

influence does not reach 32 km 120 mil; 

however, 32 km will be the assumed limit 

for Mound's impact. 

The person-rem dose commitment estimate 

calculation were based on tritium 

(oxide) data from environmental air 

sampling stations in two ranges: 0-8 km 

10-5 mil and 8-21 km (5-20 mil. The 0-8 

km range includes 10 samplers within 1.6 

km ( 1 mil of Mound. 

• 
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The average concentration of tritium 

(oxide) in air was obtained by averaging 

u--n offsite tritium air samplers less 

the co~centration found at sampler ijll9. 

From this average concentration, a dose 

commitment •.,•as determined and multiplied 

jy the number of people from 0 to 8 km. 

The average tri~ium (oxide) concentra

tion from the four other offsite 

sa~plers (less the concentration at 

sampler ll9) was used to obtain the 

?Crson-re~ from 8 to 32 km. Eight area 

segments from 8 to 32 km were obtained 

hv letting each sampler represent one 

segment concentration and the average of 

two adjacent samplers would represent 

anoth0r seg~ent. These segment concen

trations were then multiplied by their 

respective population. By using the 

four samplers and this averaging tech

niauP, a more realistic person-rem value 

could :Je obtained. 

The person-rem from tritium (oxide) in 

co~muni~y water was based on average 

C'Jnr-r;:-,trati;Jr.~ of tritium (oxide) in 

'12;:-::.ous cor.r.;t.:r.i ty water supplies, less 

a9propriate environmental levels, and 

weighing these concentrations with re

spective populations. 

~he c2lculations for the air and water 

dos~ co~itmer.t estimates are shown in 

t:h·.= . .::>,ppe!".dix. 

It is estimated that the total popula

tion ircm 0 to 32 km is receiving 14 

person-rem from Mound's emissions. The 

reM~ining population from 32 km to 80 km 

( 20 to 50 mi) is not receiving any dose 

commitment from tritium (oxide) emis-

sions. Thus, the dose commitment from 

Mound's emission is 14 person-rem for 

the 0-80 km range. 

For comparison, the person-rem values 

from natural radiation, including cosmic 

rays, terrestrial, and internal radiation 

would be approximately 390,000 person

rem.for the 0 to 80 km (50 mil range 

[16]. The dose commitment from naturcl 

background tritium alone is 80 person

rem for the 0 to 80 km range (16]. 
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Appendix 

Applicable Standards 

In conformance with DOE Order 5480.1, 

Chapter XI, "Requirements for Radiation 

Protection," cfzslte sarnple results are 

comoared with RCG's established for the 

general po?ulation. These RCG's are de

rived ::.y di 'liding the RCG 's for an un

controlled area by three. 

Onsite sample results are compared with 

the uncontrolled area RCG's which are 

applicable for individuals in the popu

lation. 

Tr.e RCG values (in microcuries per milli-

liter - uCi/rnl) used for comparison pur

poses for the various types of samples 

in this report are listed below. In all 

cases, these are the most restrictive 

RCG' s. 

Plutonium-238 (Soluble For;n) 

:\ir 

General Population 2 x l0-14 uci/ml 

Uncontrolled Area 7 x lo- 14 uCi/ml 

(Individuals in 

the Population) 

\·:at er 

General Population 2 x 10-6 ~Ci/ml 

Uncontrolled Area 5 x 10-6 ~Ci/rnl 

(Individuals in 

the Population) 

?ritium (Soluble Form) 

Air 

General Popula~ion 7 X 

~ncontrollec Area 2 X 

(In-:iivi.duals i:1 

the Population) 

usee for drinkina nurposes) 

General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

l v 

~ 

X -' 

10--3 ' - - --; 

lO - 7 c i,l:.tl -

lo- 3 
·~-

10- 3 :.Ci, / r~ !.-

As of June 24, 19 77, community crl:;.-::::.:~·:: 

water q~ality is regulated by the :?~ 

National Interim Primary Drinking ~0~cr 

Regulations for Radionuclides. T~e 

standard= 20 x 10- 0 wCi/ml (20,000 

Foodstuffs There are no RCG values s~ecl

fied for foodstuffs. However, to give 

some perspective, the foodstuff values c~:1 

be compared to the RCG values for plu~O~lu~ 

and tritium in water. 

Soil There are no guideli:1es establishe~ 

for radioactive species in soil. (The 

U.S. EPA has guidelines under considera-::i')!'..) 

NONRADIOACTIVE STANDARDS 

Water Region V of the U.S. E?A has issue~ 

a discharge permit under NPDES regulatio:1s 

covering Mound liquid effluent streams. 

The discharge limitations for each efflu

ent stream are as follows: 
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7-day 
Discharge 001-A Average 

BODS mg/1 (kg/day) 15 (14.2} 

30-day 
Average 

10 ( 4. 9) 

Suspended Solids 
mg/1 (kg/day) 

30 (28.4) 15 (7.4) 

Fecal Coliforn 
:J/100 ml 

2000 1000 

pH 

Discharge 001-B 

Suspended Solids 
mg/1 (kg/day) 

(Oct-~1ar) 

(Apr-Sept) 

Oil and Grease 
mg/1 

6.5- 9.0 

Daily 
~1aximum 

30 (11.4) 
50 (19) 

10 

Daily 
Average 

20 ( 7. 6) 

20 ( 7. 6) 

COD Honitor Only 

Dissolved Solids 

Residual Chlorine 

!loni tor Only 

0.02 
ng/1 

pH 6.5- 9 

Discharge 001-C 

Cyanide mg/1 

Chromium - Total mg/1 

Cadnium mg/1 

~Jickel mg/1 

Copper mg/1 

uischarge 002 

Susnended Solids 
r71gil (kg/day) 

Dissolved Solids 
mg/1 (kg/day) 

Oil and Grease 
mg/1 

Residual Chlorine 

pH 

Daily 
!1aximum 

30 (91} 

2000 
( 606 5) 

10 

0.02 

6. 5 - 9 

Daily 
~1aximum 

1.0 

0. 5 

0.1 

0. 5 

0.5 

Daily 
Average 

15 ( 34) 

1500 
( 3412) 

The Ohio EPA has established Water Quality 

Standards (3745-1-01-3745-1-09). The 

standards listed below are excerpted from 

these regulations. These standards are 
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stream standar~s and a;ply ~o ~ st~ea~ 

beyond a suitable mixing zone per~1tte~ 

for discharges. They should not be co~

pared with effluent concentrations. 

. .1.vera::;e 
Conce~ t r-J. t i o-::: 

Constituent (rr.s/li ter) 

Dissolved Oxygen 5.0 

EJH (pH unitsj 6-9 

Fecal Coliform (N/100 mlJ 200 per 100 ::tl 

Dissolved Solids 

Ammonia 

Arsenic 

Barium 

Cadmium· 

Chloride 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 

l300 

1.5 

0. G S 

0.8 

0. 00 5 

2 so 
0. 0 5 

0. 00 5 

1.3 

0. 5 

l 

0 .0 4 

• 

l 

0.0005 • Manganese 

Mercury 

Oil and Grease 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

5 

0.01 

0. 0 05 

0.001 

0.005- 0.075" 

0.075- 0.5* 

*Dependent on caco 3 hardness. 

Dose Commitment Calculations 

PLUTONIUM-238 CALCULATIONAL :lETHODS 

These dose commitment to the lung result in:: 

from inhalation of airborne plutonium-238 

was calculated by: 

Sl.lCI t 1 f f ~EF(RBE) r, -'t 
D(t) = a a r (1-e . 2) 

\m 

• 
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• 
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1v':1 ere 

D(t) 

c 

I 
a 

50-yr dose commitment de

livered to the l~ng in 365 

days of continuous exposure 

to plutonium-238 in air, 

rem/50 :,-r 

averaae airborne concentra

tion, uCi/ml 

average air intake 
..., 

= 2 x 10' ml/day [1] 

t
1 

time exposej, 365 days 

::EF(RBE) i': 

m 

duration of dose, 50 yr 

fraction of inhaled material 

reaching organ of interest 

= 0.3 for the pulmonary 

region [2] 

fraction of pulmonary de

~osition undergoing long

term retention= 0.6 for 

actinide (class Y) [2] 

effective energy deposition 

per disintegration = 57 [1] 

effective decay rate, 0.0014 
-1 . 

day for actinides (class 

·n from the pulmonary region 

[ 3] 

lung mass, 1000 g (1] 

The dose comr..itment to bone resulting 

:rom inhalation of airborne plutonium-238 

~as calculated by: 

D (t) 

1·:here 

~a 

EF(RBE) 

m 

0. 2 [1] 

2 80 (1] 

7 X 10 3 g ( 1] 
-5 -1 

3 x 10 day [ 1] 

'I'he dose co:n.rnitment to bone r2sultir::; :'r:J:-. 

ingestion of plutonium-2 38 in water '.·:c.s 

calculated by: 

D(t) 

where 

f a 

5l.lCI f t
1

EEF(RBE) 
w a 

average quantity of water in~a~e, 

2200 cm 3 [1] 

2.4 X 10- 5 (1] 

TRITIUM OXIDE CALCULATIONAL ~!ETHOCS 

The dose ccnuni tment to the whole body 

result~ng from exposures to tritiw~ (oxidsl 

in air was calculated by: 

D(t)a 

where 

D(t)a 

fa 

Ra 

s 

Ca 
Ra X S 

dose commitment, mrem/50 yr 

average concentration of tritium 

(oxide) in air 

RCG for tritium (oxide) in air [4] 

Radiation protection standard in 

mrem/50 yr (4] 

The dose commitment to the v1hole body re

sulting from uptake of tritium (oxide) in 

water was calculated by: 

D{t)w Cw 
Rw X S 

where 

D(t)w dose equivalent in mrem/50 yr 

Cw average concentration 

Rw 

s 

RCG for tritium (oxide) in water 

[ 4 ~ 

radiation protection standard in 

mrem/50 yr [4] 
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These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the Inter

national Commission on Radiological Pro

tection [5] and L~e ~ational Council on 

Radiation Protection Measurements [6]. 

PERSON-REM CALCULATIONS 

The equations used for this calculation 

were: 

D(t)a 

where 

D(t)a 

Ca 

Ra 

s 

D(t)w 

•.-Jhere 

D(t)w 

Ca 
Ra x s 

dose commitment from tritium 

(oxide) in air 

average tritium (oxide) concen

tration in air 

RCG for tritium (oxide) in air 

[ 4] 

radiation protection standard 

for tritium (oxide) in air in 

mrem/50 yr [4] 

Cw X S 
Rw 

dose commitment from tritium 

(oxide) in water 

Cw average tritium (oxide) concen

tration in \vater 

s 
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RCG for tritium (oxide) in water 

[4 J 

radiation protection standard 

for tritium (oxide) in water, 

mrem/50 yr (4] 

'!'hese dose com.rni~::!E!!'".: ·:..:i.!.'_:;:=. ---~--:-

b•; l. 7 in order ~a ref:ec~ t~e ~~~:~~; . . 

factor of one a.s recOIT~..""::enCeG by t:.~,.= "':'" 

national Col:'.missior: o:. Racic~-:::>.:;ic.::.: ::- __ 

tection [5] and the National Co~;::ci: 

Radiation Protection and Measu~~~e~ts 

The total person-rem ~ro~ 0 to ·~ -. .:..:. 

obtained by: 

'? 2 • ( 0 ) 

T.R = D(t)a~? 

where 

3 2 

IR 
0 
B 

D(t)at:P 

3 ~ 2 

Z:D(t)aZ:P 
8 

person-rem within 32 ~~ 

average dose corru:ti ~me,-_:: .. ~,::'

ulation from 0-8 km 

summation of dose cornni tmen::.o; 

x the respective populations 

within eight direction seg

ments from Mound from 3-32 ~:r 

• 

summation of dose coruni tment:s 

x respective population free 

0-32 km • 
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Fo~wo~ 

This report was prepared by the Environmental Assessment and Planning 

Section of the Administrative Services Department at Monsanto Research 

Corporation - Mound. Sample analyses and data reduction were performed 

by the Environmental Laboratory Group of the Environmental.Assessrnent 

and Planning Section. Particulate samples offsite were collected by 

the Air Pollution Control Section of the Montgomery County Co~bined 

General Health District, which acts as the Regional Air Pollution Con

trol Agency in this area for the Ohio Environmental Protection Agency. 

All other sampling was performed by EA&P personnel. 
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Introduction 
Monsanto Research Corporation - Mound is 

situated on 180 acres of land in Hiamis

burg, Ohio. This location is approxi

mately 16 km (10 mi} southwest of Dayton, 

Ohio. The predominant geographical 

feature in the five-county region sur

rounding Mound is the Great Miami River, 

which flows from northeast to southwest 

through Miamisburg. The river valley is 

highly industrialized. The remainder of 

the region is predominantly farm land, 

&119 

\ 
I 
I 

1\ 
'I w 

t< 
i: I .BROOKVILLE 

~ 
•' 

EATO" 

0 I 2 3 • 
~.........-'! 

MILES 
1 2 J • ~ 6 

..,.._~ 

KILOMETERS 

TROTWOOD Q 

.CARLISLE 

dotted with some light indust~y and small 

communities. The locations and pop~la

tions of these communities are shown in 

Figure 1. Figure 2 shows ~~e populat:o~ 

distribution surrounding Mound.. Drinki.r.c 

water for the area is obtained from .:t 

buried valley aquifer that generally 

follows the Great Miami River. The t:i:i

mary agricultural activity in the ~rea is 

raising field crops such as corn and soy

beans. Approximately 10% of the land in. 

agricultural use is devoted to pasturing 

livestock [1]. 

• AIR SAMPLING STATIONS 
POPULATIONS OF CITIES 

.2S00-5000 

0 5000-10,000 

VA .. DALIA. 

• 10.000-15,000 

Q>15,000 

WPAFB 
WEATHER 

STATION 

• 

• 

• 

FIGURE 1 - Offsite air sampling locations. 
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FIGURE 2- 1970 population within 50 miles of Mound Facility. 
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Cumulative Popula1ion "Totals 
Present Population 0 ·50 Miles 

0-10 320,964 
0-20 895,941 
0-30 1,341,138 
0-40 2.307, 726 
0-50 2, 778,388 



Climate conditions in the area are moder

ate. The average annual precipitation 

is 91 em (36 in.) and is evenly distri

buted throughout the year. Winds are 

predominantly from the south or west, 

except during the summer, when they are 

more frequently recorded from out of the 

southwest [2]. The annual average wind 

speed measured at Mound was 4.6 m/s 

(10.3 mi/hr) for 1981. Figure 3 shows 

the wind rose compiled at Mound and Table 

1 shows average wind speed and percent 

frequency for each of 16 wind directions. 

N NNE 

~ ENE 

w 8 12 

ESE 

FIGURE 3 - The relative frequency of 
winds from different directions for 
Mourfd. 

Table 1 - AVERAGE ANNUAL PERCENT FREQUENCY OF WIND 
~ 

DIRECTION AND AVERAGE WIND SPEED (M/S) FOR 1981 

Direction Percent Avera9:e Speed (M/S) 

N 4.4 4.2 

NNE 4.8 4.0 

NE 4.4 3.6 

ENE 4.1 3.7 

.E 4.4 3.8 

ESE 4.8 4.0 

SE 6.6 4.6 

SSE 9.3 5.2 

s 9.5 5.0 

ssw 6.9 4.9 

sw 10.3 6.1 

WSW 8.4 5.4 

w 5.1 4.8 

WNW 4.2 4.9 

NW 5.9 4.8 

NNW 5.4 4.7 

CALM 1.5 

Total 100 4.6 
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Mound began operations in 1949. Its mis

sion currently includes 1) research, 

development, engineering, production, and 

surveillance of components for the Depart

ment of Energy (DOE) weapon programs; 

2) separation, purification, and sale of 

stable isotopes of the noble gases; and 

3) DOE programs in solar energy, fossil 

fuels, nuclear safeguards and waste 

management, heat source testing, and 

fusion fuel systems. The radionuclides 

of primary concern that result from 

Mound's current or past operations are 

plutonium-238 and tritium. 

Radionuclides in particulate form are re

moved from process air effluents by high 

efficiency particulate air (HEPA) filters. 

The air effluents are filtered first at 

their points of origin (i.e., gloveboves) 

and then just prior to the release point 

(i.e., the stack). The filtering system 

at the stack consists of two banks of 

HEPA filters in series, each bank having 

a collection efficiency of 99.95%. Radio

nuclides are removed from liquid effluents, 

such as proce~s wastes, by chemical pro

cessing. Solid radioactive wastes are 

packaged and shipped offsite for burial 

at approved burial sites. Wastes gener

ated in the processing of explosive materi

ials are collected and disposed of accord

ing to the Army Material Command Regula

tion 385-100. 

An onsite, sanitary waste treatment plant 

provides secondary treatment in accordance 

with u.s. Environmental Protection Agency 

(EPA) requirements [3), using an activated 

sludge process operating in the extended 

aeration mode. All domestic sewage gen

erated onsite is treated in this facility. 

The influent and effluent at the sewage 

treatment plant are also monitored for 

radioactivity to ensure no undetected re

lease can occur to the environment via 

the sanitary sewage plant. The digested 

sludge from the sewage plant is shipped 

offsite for burial at an approved burial 

site. Nonradioactive solid wastes are 

disposed of according to a recycling and 

reclamation program whenever possible. 

White paper, scrap metal, and wood are 

sold for reclamation. General refuse was 

trans~orted during 1981 to a sanitary 

landfill site approved by both the state 

and county. Waste solvents and chemicals 

are maved offsite by a commercial-indus

trial waste disposal firm. 

Mound's compliance with regulations pre

scribed by DOE for the safety of its 

employees and the public has been demon

strated throughout the history of the 

facility. The fundamental objective of 

the Mound Environmental Control Program, 

an ongoing program since Mound began 

operations, is the containment of radio

active effluents to levels well within 

the existing standards. As part of this 

program, effluents are monitored and con

trolled at each operating step, resulting 

in no more than low-level releases of 

airborne or liquid wastes to the environ

ment. Because of early detection, control 

techniques can be implemented, thus en

suring that concentrations are well within 

existing standards and meet the DOE guide

line "as~low-as-reasonably-achievable" 

(ALARA). 
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As part of the Mound Environmental Pro

gram monitoring functions, air, water, 

vegetation, foodstuff, and sediment 

samples are collected from the environ

ment at distances up to 48 km (30 mi) 

from Mound's boundaries. These samples 

are then analyzed for the specific radio

nuclides handled at Mound. A summart of 

the monitoring program is shown in Table 

2. 

The results of the environmental analyses 

for CY-1981 are provided in this report. 

The primary purpose of the report is to 

detail what impact, if any, Mound's 

operations have had on the adjacent en

vironment in 1981. To meet this purpose, 

several calculational techniques used 

throughout this report should be described. 

The concentrations of various radio

nuclides reported here that result from 

Mound's operations are termed "incremental." 

The term incremental denotes a concentra

tion value that exceeds normal environ

mental levels of the same radionuclide. 

The environmental level is that level 

found in the environment where Mound 

would have no impact. Environmental 

levels of radionuclides in various mediums 

are shown in Table 3. 

To determine concentrations of radio

nuclides found in the environment, the 

instrument background and reagent blanks 

were subtracted from the sample count. 

This value was then used in averages, as 

opposed to using the lower detection 

limit (LDL), which had been the practice 

in past years. 

For comparative purposes and for sinsl2 

sample evaluation, however, the lower 

detection limit (LDL)_is shown for each 

set of data in this report. The LDL is 

the estimated standard deviation of the 

blanks at the 95% confidence level. 

The error estimates shown with each s~~ 

of data are estimates of the standard 

error of the estimated mean at the 95% 

confidence level. These values include 

all sources of variability including 

sampling, analyses, counting statistics, 

and the propagated error involved when 

subtrapting the envircnmental levels frorr, 

the actual data. 

Summary 

The environment locally surrounding Mound 

was monitored primarily for tritium and 

plutonium-238. The results are reported 

• 

for CY-1981. The environmental medium • 

analyzed included air, water, vegetation, 

foodstuffs, and sediment. The average 

concentrations of plutonium-238 and tri-

tium were within the applicable standards 

(adopted by the u.s. DOE) for radioactive 

species. 

Mound initiated a program in 1975 to bring 

Mound water wells and eight offsite wells 

into compliance with a proposed EPA stan

dard for tritium in public drinking water. 

The new regulations reduced the federal 

standard for tritium by a factor of 50. 

Final standards were eventually promulgated 

for various parameters and became effective 

June 24, 1977. Mound's program involved an 

Introduction/Summary ------------------------- • 
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Table 2 - MONITORING PROGRAM 

Air Surveillance 

15 locations 

5 locations 

Stack Em iss ion 

15 locations 

Water Surveillance - Offsite 

5 locations 

Pond 

8 locations 

Municipal Drinking Water 

12 locations 

Well Water 

6 locations 

Water Surveillance - Onsite 

Effluent Water 

3 locations 

Silt Surveillance - Offsite 

River 

5 locations 

Pond 

8 locations 

Vegetation and Foodstuff Surveillance 

Vegetati£~ 

3 locations 

Foodstuffs 

3 locations 

Environmental Level Surveillance 

Four Media ------
6 locations 

Sampling Frequencv 

Weekly 

Weekly 

Daily 

Daily 

Monthly-· 

Quarterly 

Monthly 

Daily 

Quarterly 

Quarterly 

Biannua 1 ly 

Annually 

Quarterly 

Parameter Measured 

HTO, Pu, particulate 

HTO, Pu, particulate 

HT, liTO, Pu, U 

HTO, Pu, U 

HTO, Pu, U·· 

HTO, Pu 

HTO, Pu 

Flow, suspended solids, 
BODs, fecal coliform, 
pH, oil & grease, COD, 
residual chlorine, 
dissolved solids, 
cyanide, chromium, 
cadmium, nickel, 
copper, HTO, Pu, U 

Pu 

Pu 

liTO, Pu 

HTO, Pu 

liTO, Pu 

Introduction 
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Table 3 - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES IN VARIOUS m:Dii..'MS 

Plutonium-238 in aira 

Tritium oxide in aira 

Plutonium-238 in river waterb 

Tritium in river waterb 

Plutonium-238 in surface waterc 

Tritium in surface waterc 
Plutonium-238 in well waterd,e 

Tritium in well waterc 

Uranium-233, 234 in river waterb 

Uranium-238 in river waterb 
Plutonium-238 in river siltb,e 

Plutonium-238 in surface water siltc,e 

Tritium in grassd 

Tritium in tomatoesd 

Plutonium in grassd,e 

Plutonium in potatoesd 

Plutonium in fishd 

aMeasured at offsi te sampler 119. 

0.01 

0.65 

1.9 

0.21 

2.5 

0.28 

N.D. 

0.37 

8.2 

8.2 
N.D. 

N.D. 

0. JS 

0.58 

= N.D. 

0.00001 

0.000005 

. 0.03 
:: 0.24 

:: 3 

± 0.13 

± 5.2 

± 0.15 

= 0.07 
± 1.1 
:!: 1.4 

± 0.07 

± 0.06 

X 10-17 

X 10-ll 

X 10-12 

X 10-6 

X 10-12 

X 10-6 

X 10-6 

X 10-10 

X 10-10 

± 0.0003 X 10- 6 

± 0.0001 X 10-6 

jJCi/ml 

\.lCi/r:1l 

UCi/nl 

iJCi/ml 

uci/ml 

uCi/ml 

UCi/ml 

IJCi/ml 

uCi/ml 

:.tCi/g 

uCi/g 

1-lCi/g 

uCi/g 

! 
I 

I 
I 
I 

I 
/ 
! 

) 

• 

bMeasured 20 mi upstream on Great Miami River. 

cMeasured 28 mi northwest of Mound. 
\. 
I 

dMeasured 30 mi west of Mound. 

e(N.D.) Environmental level cannot be detected above reagent blanks. 

extensive study of the water source for 

the local area, the Buried Valley Aquifer, 

and high-volume pumping of water from the 

aquifer with replacement by induced in

filtration of water from the Great Miami 

River. All wells were brought into com

pliance, and high-volume pumping of water 

is now used periodically to control the 

concentrations of tritium. The final re

port was issued, and the project has been 

transferred to the routine environmental 

monitoring program. 

Introduction/Sum mary 
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Data concerning the emission of nonradio

active species into the atmosphere are 

also presented. All emissions were 5% or 

less of the applicable emission standard. 

The average incremental concentrations 

of plutonium-238 and tritium oxide in air 

measured at all offsite locations during 

1981 were 0.39 x l0-17 uCi/ml and 3.3 x 

lo- 11 uCi/m1, respectively. These cor

respond to 0.02% and 0.05% of their re

spective Radioactivity Concentration 

• 
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• 

• 

Guides (RCG). Details- of·the applicable 

standards are given in the Appendix. 

The average incremental concentration of 

plutonium-238 measured at all locations 

in the Great Miami River during 1981 was 

1.56 x lo- 12 ~Ci/ml which is 0.00008% of 

the RCG. The average concentration of 

tritium measured at all locations in the 

Great Miami River during CY-1981 was 

0.13 x 10-6 ~Ci/ml which is 0.013% of the 

RCG. 

Radionuclide effluent data for 1981 are 

summarized in Table 4. 

The average incremental concentrations of 

plutonium-238 found during 1981 in sur

face and area drinking water were also a 

fraction of the DOE RCG. In addition, 

the average incremental concentration of 

tritium in surface water and the average 

concentration in area and municipal 

drinking water were a fraction of each 

respective DOE RCG and EPA standard. 

Although there are no specific standards 

(RCG) for plutonium-238 and tritium in 

foodstuffs, the concentrations found, if 

compared to the water standard, are also 

a small fraction of the RCG. No offsite 

soil sampling was conducted in 1981, since 

a soil inventory had been completed and 
reported for 1977. Sediment was sampled, 

however, at several offsite water sampling 

locations. No adverse impact to the en

vironment could be determined from the 

radionuclide levels found in these sedi

ments. 

The dose commitment estimates indicate 

that, in all cases, the levels are at or 

within 1% of the DOE standard. The person

rem calculated to 80 km for the total 

population as a result .. of Mound operations 

during 1981 was 20 person~rem. Natural 

radiation would result in approximately 

320,000 person-rem for the area. 

Mound's National Pollutant Discharge 

Elim{nation System (NPDES) permit was re

newed for 4 years on January 15, 1981 . 

The monitoring requirements of the renewed 

permit have been modified to correspond 

to the effluent sampling as it is actually 

performed and eliminates the need to math

ematically combine data to correspond to 

the permit requirements. The discharge 

from the sanitary sewage treatment plant 

~---- Table 4 - EFFLUENT DhTA FOR CY-1981 

Radionuclide Medium Quantit:t: 

Tritium air 4285 Ci 

Tritium water 22 Ci 

Plutonium-238 air 0.008 mCi 

Plutonium-238 water 1.11 mCi 

Uranium-233, 234 water 0.61 mCi 

Summary ------------------------------------------------------------------
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has been permitted separately from the 

other contributors to the closed pipe 

(discharge 001 from previous permit). 

The discharge from the electroplating 

shop must now be monitored prior to mix

ing with other wastes. Effluent stream 

analyses during 1981 indicate that maxi

mum permit limitations were exceeded on 

less than 2% of approximately 1200 analy

ses. Half of these exceptions were 

directly attributable to weather condi

tions and approximately 20% were related 

to maintenance operations. The remaining 

exceptions resulted from equipment mal

functions, plant operations which have 

subsequently been modified, or unknown 

causes (2 cases). These exceptions had 

no significantly adverse effect on the 

Great Miami River and certainly did not 

cause the Great Miami River to exceed 

Ohio Stream Standards. 

The data contained in this summary demon

strate the status of compliance with 

various current regulary agency stand

dards and demonstrate Mound's emphasis on 

the as-low-as-reasonably-achievable 

(ALARAl concept. 

Environmental surveillance 

Quality assurance 

The Mound Environmental Section quality 

control program is documented in a quality 

control manual published in 1981 [41. The 

manual covers topics such as section 

audits, experimental errors and lower 

detection limits, sampling, and quality 

control sample assessment program. Of 

particular importance in a quality control 

program for environmental monitoring is 

the determination of blank values. 

blank ~alue is ob~ain~d by carrying ::·ut • 

a chem1cal analys1s w1thout a sam?le, bu~ 

using deionized water, an un~sed fil~er 

paper, or only the reagents used in the 

analysis. Analyzing blanks is esse~tia~ 

to verify the absence of labor~tory co~

tamination. The blaP~ values are alsc 

used to calculate lower detection li8i~3. 

The principal external part of the qudlit•l 

control program involves Mound's partici

pation in DOE's Quality Assessment ?rogram. 

This program was conducted by the Depart

ment ~f Energy's Environmental Measurements 

Laboratory ( EML) , which prepared "reference" 

samples for analysis by DOE laboratories 

throughout the country. Beginning with 

the last quarter of 1976 and through the 

last quarter of 1979, a set of reference 

samples was made available each quarter; 

the reference samples contained radio

isotopes of known concentrations. In · • 

1980 and 1981 the samples were made avail

able only twice a year, but did contain 

both radioactive and nonradioactive con

stituents of known concentration. 

Mound received the samples as unknowns, 

analyzed the samples, and sent the results 

to EML. Mound received a computer print

out of its own results, EHL's reference 

concentrations, and the results of other 

participating laboratories within 6 weeks. 

Results of significance to the environ

mental monitoring program at Hound are 

summarized in Tables 5 and 6. Table 5 

gives data for radioactive parameters, and 

Table 6, for nonradioactive parameters. 

The ratio of the concentration determined 

by Mound to the concentration determined 

Summary/Quality Assurance----------------------- • 
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by EML is given in the last column of 

Tables 5 and 6. If Mound's experimental 

errors and EML's errors are taken into 

consideration, then a "Mound to EML" con

centration ratio between 0.80 and 1.20 is 

generally acceptable. 

In Table 5, Mound's plutonium-238 in soil 

values differed considerably from EML's 

values. These low plutonium-238 concen

trations, however, are approaching Mound's 

estimated Lower Detection Limit of 0.001 

pCi/g for a 25 g sample (Table 27} . It 

should also be noted with soil sample 

8104 that no laboratory analyzing this 

sample was within 20% of the ~~ value, 

and four DOE contractor laboratories 

differed from EML by a factor greater 

than 4.3. The Mound plutonium-239 concen

trations in soil at levels of 0.7 and 0.07 

pCi/g agree with the EML values to within 

about 20%. All other radionuclide concen~ 

trations in Table 5, and the metal and 

anion concentrations in Table 6 de-termined 

by Mound agree with the reference EML 

values to within 10%. 

In summary, the good results obtained by 

Mound in the DOE Quality Assessment Pro

gram indicate good reliability of the 

data qenerated in the _routine environ

mental monitoring program at Mound. 

Table 5 - MOUND'S DOE QUALITY ASSESSMENT 
PROGRAM RESULTS FOR 1981 - RADIONUCLIDES 

Sample Sample Isotope Concentrationa Concentration Ratio 
Type No. Determined Mound EML Mound to EML 

Air 8104 Pu-238 3.81 3.70 1. 03 
Pu-239 5.68 5.60 1.01 

Air 8110 Pu-239 1.29 1. 30 0.99 

Water 8104 H-3 24.0 24.6 0.98 

Water 8110 H-3 15.6 15.6 1.00 

Water 8104 Pu-239 0.005 0.0055 0.91 
U-234 0.005 0.0051 0.98 
U-238 0.005 0.0051 0.98 

Water 8110 Pu-239 0.003 0.0033 0.91 
U-234 0.016 0.0175 0.91 
U-238 0.016 0.0175 0.91 

Soil 8104 Pu-238 0.006 0.0014 4.3 
Pu-239 0.87 o. 72 1. 21 

Soil 8110 Pu-238 0.001 0.0025 0.40 
Pu-239 0.061 0.077 0.79 

a Air concentrations are pCi/filter; water concentrations 
are pCi/ml; and soil and vegetation concentrations are pCi/g. 

--------------------------Quality Assurance 
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aAtomic absorption values deter~ined by Environmental Laboratories Group. i 

\. biCAP emission spectroscopy values determined by Nuclear Operations Analytical. 

cion chromatography values determined by Nuclear Operations Analytical. 
I 
! 
I 

Air - Radioactive 

The offsite air-sa~pling network during 

1981 consisted of 15 continuously operat

ing air-sampling stations used for sam

pling both tritium oxide and plutonium. 

Ten sampling stations are located within 

a 1.6 km (1 mi} radius of Mound, and four 

samplers are located in or near population 

centers. The remaining sampler (#119} is 

approximately 44.8 km (28 mi} from Mound 

in the least prevailing wind direction. 

This sampler receives no measurable con

tribution from Hound operations and serves 

as a baseline sample for computing environ

mental levels. 

Quality Assurance/ Air Radioactive 
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The levels from sampler #119 are subtracted 

from levels detected at other locations. 

The samplers currently in operation are 

located at critical distances and direc

tions, based on a diffusion model developed 

for Mound. The locations of the sampling 

stations are shown in Figure 1. 

Two types of samples are collected at each 

sampling station. One is a particulate 

air sample for plutonium-238 analysis, and 

the other, from a bubbler-type sampler, is 

for tritium oxide analysis. The particu

late sample is collected on a 200-rnm 

• 
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diameter Microsorban disk by a continu

ously operating (24 hr/day, 7 days/week) 

high-volume air sampler. The air is 

sampled at an average rate of 1.3 x 

10 6 cm3/min (~45 ft 3/min). The Micro

sorban disk is changed weekly, and repre

sents a sample of approximately 13,000 m3 

of air. 

Plutonium-238 analyses were performed on 

a monthly composite for three sampling 

locations, #122, #123, and #124, and on 

quarterly composites for the other off

site locations. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: 

addition of a known amount of plutonium-

242 tracer, ignition to 600°C, leaching 

with nitric acid, separation of plutonium 

with anion exchange resin, electro

deposition of plutonium, and, finally, 

alpha spectrometry. 

The average incremental offsite plutonium-

238 air concentration for all locations 

was 0. 39 X 10-17 lJCi/ml which is 0.02% 

of the DOE RCG. The RCG used for compari-

son is the guide for the soluble form of 

the isotope and for the general population. 

This is the most restrictive RCG for 

plutonium-238 and is applied since the 

solubility of the measured particles in 

the human body is unknown. The analytical 

results are summarized in Table 7. 

Table 8 shows concentrations of plutonium-

239, plutonium-240, and plutonium-238, 

including environmental levels, so that a 

ratio comparison between these radionu

clides can be made. Ratios greater than 

that observed at location #119 (~0.01) 

result from a concentration of plutonium-

238 in excess of that from atmospheric 

fallout and are indicative of the influ

ence of Mound operations. 

The concentration of plutonium-239 in air 

during 1981 increased approximately by a 

factor of four compared to 1980. This 

increase is most likely due to atmospheric 

weapons testing by the People's Republic 

of China in October, 1980. Figure 4 shows 

the concentration of plutonium-239 for the 

past ten years. The pronounced peaks 

show the increase which is observed during 

the spring season each year. The magnitude 

of the spring time peak had been decreasing 

during 1979 and 1980, but a significant 

increase was observed in 1981. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at 

approximately 3 x 10 3 cm3/min through 

200 ml of ethylene glycol. Ethylene glycol 

is used because this material eliminates 

evaporation and freezing problems associated 

with sample collection [5]. Tritium (oxide) 

in the air is collected in the solution. 

Tritium oxide rather than elemental tritium 

is sampled and analyzed because the RCG 

for the oxide is 200 times more restrictive 

than it is for elemental tritium [6]. A 
sample representing ~30 m3 of air is col

lected, and an aliquot representing 1.5 m3 

is counted in a liquid scintillation spec

trometer. The average incremental concen

tration of tritium oxide measured during 

1981 for all offsite locations, not includ

ing the environmental level found at sampler 

#119, was 3.3 x lo-11 lJCi/rnl. This concen

tration is 0.05% of the RCG. The RCG used 

----------------------------Air-Radioactive 
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.----------- Table 7 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1981 

Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

122 

123 

124 

Number 
of 

Samples 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

4 

12 

12 

12 

Ranged 

( 10 -l 7 ~!Ci/ml) 

0.02 0.26 

0.22 - 0.57 

0.29 1.43 

0.19 - 0.35 

0.07 - 0.12 

E.L. - 0.09 

E .L. -

0.02 -

0.03 -

0.22 

0.06 

0.11 

0.03 - 0.09 

0.09 - 0.34 

E.L. - 0.37 

0.12 - 10.9 

E.L. - 9.42 

Averagea,c,d,e 

(lo-17 llCi/ml) 

0.11 ± 0.16 

0.4 ± 0.22 

0.7 ± 0.79 

0.25 ± 0.09 

0.09 ± 0.04 

0.04 ± 0.07 

0.09 ± 0.16 

0.03 ± 0.04 

0.06 ± 0.07 

0.06 ± 0.08 

0.22 ± 0.19 

0.16 ± 0.09 

1.65 ± 1.87 

1.58 ± 1.65 

aLower Detection Limit (LDL) for 
238

Pu in air for quarterly 
samples is 0.03 x lo-17 11Ci/ml. This is 0.0015% of the RCG. 

cError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

eLower Detection Limit (LDL) for 238 Pu in air for monthly 
samples is 0.17 x lo-17 \lCi/ml. This is 0.0085% of the RCG. 

Air· Radioactive 
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Percent 

of RCGb 

0.006 

0.02 

0.04 

0.01 

0.005 

0. 002 

0.005 

0.002 

0.003 

0.003 

0.01 

0.008 

0.08 

0.08 

• 

• 
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~--------- Table 8 - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENTAL ----------
LEVELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1981 

239,240Pu 

Number 
of 

Location Samples 

Range 

(lo-17 llCi/ml) 

Average a' 

(lo-17 llCi/ml) 

a b 
Average ' 

(lo-17 llCi/ml) 

Ratio 
238Pu/239,240Pu 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

119 

122 

123 

124 

4 

4 

4 

4 

4 

4 

4 

4 

4 

3 

4 

4 

12 

12 

12 

0.42 - 4.62 

0.24 - 4.36 

0.29 - 4.24 

0.27 - 3.99 

0.21 - 3.65 

0.34- 5.75 

0.26 :... 4.54 

0.22 - 4.38 

0.22 - 4.26 

1.1 ~ 3.47 

0.24 - 4.81 

0.23- 4.02 

0.13 - 3.59 

0.22 - 4.86 

0.18 - 4.63 

1.86 ± 2.97 

1.83 ± 2.78 

1.77 ± 2.72 

1.71 ± 2.53 

1.57 ± 2.31 

2.32 ± 3.73 

1.84 ± 2.97 

1.77 ± 2.84 

1.74 ± 2.75 

1.93 ± 3.21 

2.04 ± 3.07 

1.63 ± 2.62 

1.3 ± 0.77 

1.71 ± 1.01 

1.7 ± 1.01 

0.12 ± 0.16 

0.47 ± 0.22 

0.71 ± 0.79 

0.26 ± 0.09 

0.1 ± 0.03 

0.05 ± 0.06 

0.1 ± 0.16 

0.04 ± 0.03 

0.07 ± 0.06 

0.07 ± 0.08 

0.23 ± 0.19 

0.01 ± 0.03 

0.17 ± 0.09 

1.66 ± 1.87 

1.59 ± 1.65 

aLower Detection Limit (LDL) for 239 • 240 Pu in air for samplers .101 
through 119 is 0.01 x lo-17 llCi/ml, and the LDL for samplers 122 
through 124 is 0.03 x lo-17 llCi/ml. The LDL for 238pu is 0.03 x 
lo-17 llCi/ml for samplers 101 through 119 and 0.17 x lo-17 llCi/ml 
for samplers 122 through 124. 

bError limits are estimates of the standard error of the estimated 
means at the 95% confidence level . 

0.06 

0.22 

0.4 

0.15 

0.06 

0.02 

0.05 

0.02 

0.04 

0.04 

0.11 

0.006 

0.13 

0.97 

0.94 
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FIGURE 4 - Concentration of Pu-239 in 
air since 1972. 

for comparison is the most restrictive 

RCG for tritium for the general popula

tion. The results are summarized in 

Table 9. Table 3 shows environmental 

levels for plutonium-238 and tritium in 

air as measured at sampler #119. 

An onsite perimeter network consisting of 

five continuous, high-volume air samplers 

is used to further assess the effective

ness of stack emission control systems. 

The onsite sampling locations are shown 

in Figure 5. Particulate samples and 

tritium samples are collected by the on

site samplers at approximately the same 

flow rate as the offsite samplers and are 

analyzed in the same manner. 

The average incremental plutonium-238 con

centration measured for all locations on

site is 9.3 x lo- 17 uCi/ml which is 0.13% 

of the RCG. The results are summarized 

in Table 10. Table 11 presents onsite 

concentrations of plutonium-239, plutonium-

240, and plutonium-238, including 

Air-Radioactive/ Air-Nonradioactive 

18 

environmental levels, so that a rat1G 

comparison between these radionuclid~s 

can be made. 

The average incremental onsite tritilli~ 

oxide concentration for all locat.ior.s ·-.'as 

5.86 x 10-ll ~Ci/ml which is C.03% o: the 

~CG. The results are summarized in ~cbl~ 

12. 

The RCGs used for onsite co~parison are 

those applicable for exposed individuals 

in the population. The total amounts c= 
plutonium-238 and tritium discharged to 

the atmosphere during 1981 were 0.003 mCi 

and 4285 Ci, respectively. 

Air - Nonradioactive 

The Mound steam power plant is normally 

• 

fueled with natural gas but has the capa

bility to burn fuel oil. During unusually 

cold weather, if the natural gas supply to. 
Mound is interrupted, fuel oil with <1% 

sulfur content is burned. No fuel oil was 

burned during 1981. 

Additional sources of airborne emissions 

are as follows. A waterwash, paint spray 

booth is operated intermittently in the 

Mound paint shop. Wastes from operations 

involving explosives are disposed of by 

open burning under a permit issued by the 

Regional Air Pollution Control Agency 

(RAPCA) . A maintenance grinding operation 

and a carpenter shop are operated on an 

intermittent basis. Fire-fighter training 

exercises are held at an open outdoor 

facility under a burning permit issued by 

RAPCA. 

• 
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~-------------- Table 9 - INCREMENTAL CONCENTRATIONS OF TRITIUM --------------~ 
OXIDE IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1981 

Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

122 

123 

124 

Number 
of 

Samples 

50 

51 

51 

51 

51 

49 

52 

49 

51 

50 

49 

52 

51 

50 

d Range 

Tritium 

(10-11 ~Ci/ml) 

E.L. - 36.9 

0.02 - 35.7 

E.L. - 66.6 

E.L. - 23.3 

E.L. - 12.9 

E.L. - 8.64 

E.L. - 9.14 

E.L. - 7.97 

E.L. - 9.17 

E.L. - 3.07 

E.L. - 84.6 

E.L. - 51.4 

E.L. - 77.6 

E.L. - 89.9 

Oxide 
Averagea,c,d 

(10-11 ~Ci/ml) 

7.02 ± 1.87 

6.1 ± 1.72 

6.17 ± 2.68 

2.92 ± 1.25 

2.25 ± 0.91 

1.1 ± 0. 59 

1.19 ± 0. 59 

0.72 ± 0.63 

1.29 ± 0.66 

0.16 ± 0.35 

3.12 ± 3.47 

3.19 ± 2.04 

5.26 ± 3.53 

5.94 ± 4.01 

Percent 

of RCGb 

0.1 

0.09 

0.09 

0.04 

0.03 

0.02 

0.02 

0.01 

0.02 

0.002 

0.04 

0.05 

0.08 

0.08 

aLower Detection Limit (LDL) for tritium oxide in air is 0.7 x 10-ll 
~Ci/ml which is 0.01% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 X lo-11 uCi/ml 
for the general population and for soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level {E.L.) subtracted from data . 
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~--------------- Table 10 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1981 

Number Range d Averagea,c,d 
of 

Location SamEles {10-17 IJCi/ml) {10-17 IJCi/ml) 

211 12 1.66 - 204 36.4 ± 39.2 

212 12 0.07 - 3.47 1. 03 ± 0.59 

213 12 1.16 - 26.8 6.61 ± 5.28 

214 12 0.32 - 8.81 2.07 ± 1. 45 

215 12 0.16 - 1. 44 0.6 ± 0.29 

aLower Detection Limit {LDL) for 238 Pu in air is 0.17 x l0-
17 

IJCi/ml which is 0.002% of the RCG. 

bRadioactivity Concentration Guide {RCG) = 7000 x l0-
17 

IJCi/ml 
for the soluble form of plutonium-238 for individuals in the 
population. 

Percent 

of RCGb 

0.52 

0.02 

0.09 

0.03 

0.009 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data • 

~-------- Table 11 - CONCENTRATION, OF PLUTONIUM INCLUDING ENVIRONMENTAL -----------. 
LEVELS IN AIR AT ONSITE·SAMPLING LOCATIONS IN 1981 

239,240Pu· 238Pu 
Number a b Averagea,b Ratio of Range Average ' 

Location SamEles (10-17 uCi/mll (10-17 IJCi/ml) (10-17 IJCi/ml) 238Pu/239,240Pu 

211 12 0.21 - 4.79 1.66 ± 0.88 36.4 ± 39.2 21.9 

212 12 0.12 - 3.92 1. 26 ± 0.75 1.04 ± 0.59 0.83 

213 12 0.12 - 3.62 1.36 ± 0.79 6.62 ± 5.28 4.87 

214 12 0.23 - 3.65 1.38 ± 0.77 2.08 ± 1.45 1. 51 

215 12 0.12 - 3. 71 1. 48 ± 0.86 0.61 ± 0.29 0.41 

aLower Detectioo Limit (LDL) for 239 • 240 Pu in air is 0.03 x l0-17 IJCi/ml. 
The LDL for lJBpu is 0.17 x lo-17 IJCi/ml. 

bError limits are estimates of the standard error of the estimated means 
at the 95% confidence level . 
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Emissions from sources registered wi~~ 

the Regional Air pollution Control Agency 

(RAPCA) and the Ohio EPA for which appli

cable emission standards exist are sum

marized in Table 13. The emissions were 

estimated from emission factors established 

by the U.S. EPA or from ~aterial balances • 

[7]. The particulates from the grindi~g 

and carpenter shop operations are caFtured 

by cyclone air cleaners ~ated at 95% 

~------------- Table 12 - INCREMENTAL CONCENTRATION OF TRITIUM 
OXIDE IN AIR AT ONSITE SAMPLING LOCATIONS IN 1981 

Tritium Oxide 
Number Range d Averagea,c,d 

of 
Location SamEles (10-11 J.lCi/ml) (10-11 

J.lCi/ml) 

211 51 E.L. - 43.4 7.18 :!: 2.08 

212 52 E.L. 45.5 6.76 :!: 1. 96 

213 49 E.L. - 72.6 7.85 :!: 3.01 

214 48 E.L. - 24.7 4.45 :!: 1. 45 

215 50 E.L. - 32.9 3.04 :!: 1. 45 

Percent 

of RCGb 

0.04 

0.03 

0.04 

0.02 

0.02 

aLower Detection Limit (LDL) for tritium oxide in air is 0.7 x 10-ll 
J1Ci/ml which is 0.004% of the RCG. 

bRadioactivity Concentration Guide (RGC) = 20,000 x lo-11 J1Ci/ml 
for individuals in the population and soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

,---------Table 13 - ~!ONRADIOACTIVE AIRBORNE ~USSIONS 1981 

Emission Emission 
Source Pollutant Emission Standard a 

Power House Particulates 0.01 lb/10 6 Btu 0.20 lb/10 6 Btu 
Input Input 

Power House Sulfur Oxides 0.0006 lb/10 6 Btu 1.6 lb/10 6 Btu· 
Input Input 

Paint Shop Organics 0.29 lb/day 40 lb/day 

Explosives Particulates 18 lb NA 
Burning 

Fire Fighter Particulates 475 lb NA 
Training 

aOhio EPA Air Pollution Regulations 3745-17-01 through 3745-17-13 
and 3745-21-01 through 3745-21-08. 

NA - not applicable. 

% of 
Standard 

5 

0.04 

0.7 

NA 

NA 

• 
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efficiency. Nonradioactive airborne 

emissions at Mound were all within appli

cable standards and had minimal impact 

on ambient air quality. This is further 

·demonstrated by the particulate concen

tration data summarized in Tables 14 and 

15. The data presented are weekly particu

late concentrations measured at Mound's 

offsite and onsite air-sampling sites. 

The particulate concentration at onsite 

locations is somewhat lower than at off

site locations. The particulate concen

tration also appears to be independent of 

distance from Mound. This would suggest 

no influence from Mound operations. For 

comparison purposes, the State of Ohio -

Ambient Quality Standard for airborne 

particulates is also given in Table 14. 

~------------ Table 14 - 1981 WEEKLY PARTICULATE 
CONCENTRATION DATA OFFSITEa 

Number Range Average of 
Location Samples (llg/m3 ) (1J~/m3) b 

101 52 44 - 174 103 

102 51 44 - 307 95 

103 52 31 - 227 75 

104 50 7 - 220 95 

lOS 52 42 - 275 82 

108 51 40 - 195 111 

110 51 17 - 139 70 

111 50 51 - 191 106 

112 50 44 -172 

115 37 28 - 267 

118 52 27 - 194 

119 51 6 -472 

122 49 29 - 271 

123 so 12 - 155 

124 51 10 - 319 

aOhi·o Ambient Air Quality Standard 3 = 60 lJg/m . 

bError limits are estimates of the standard error 
of the estimated means at the 95% confidence level. 

These data are obtained by the Mound air monitoring 
program and are indicative only of the particulate 
air loading of the Dayton metropolitan area. Mound 
particulate discharges presented in Table 13 make a 
negligible contribution to the surrounding area. In 
addition, Table 15 presents onsite particulate data . 

88 

89 

89 

79 

67 

90 

85 

± 10 

± 12 

± 10 

± 11 
± 10 

± 9 

± 8 
± 10 

± 7 

± 15 

± 9 
± 19 

± 10 

± B 
± 13 
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r------ Table 15 - 1981 WEEKLY PARTICULATE CONCENTRATION DATA O~SITE 

• Number Range Average 
of 3 3 a 

Location Samples (iJg/m ) (~g/m ) 

211 51 44 133 81 ± 7 

212 50 37 - 147 72 :: 7 

213 52 20 153 81 - 8 

214 52 15 - 124 59 ± 5 

215 52 18 - 146 67 ± 6 

aError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

Water - Radioactive 

Water sampling locations along the bank 

of the Great Miami River were selected 

according to guidelines recommended by 

the U.S. EPA [8]. The locations, shown 

in Figure 6, provide samples which are 

representative of river water after suit

able mixing of the effluent from Mound 

has occurred. Water samples are normally 

collected and filtered in the field at 

these locations five days per week, and 

are subjected to specific analyses for 

plutonium-238 and tritium. 

Large-volume water samples are analyzed 

by compositing daily samples for a 

quarterly analysis. The average incre

mental concentration of plutonium-238 

measured for all locations inthe Great 

Miami River was 1.56 x l0-12 ~Ci/ml which 

is 0.00008% of the RCG for the general 

population, the most restrictive standard 

for plutonium-238. These results are 

summarized in Table 16. 

-
Weekly samples are analyzed for cricium. 

The average incremental concentratior. of 

tritium measured at all locations in the 

Great Miami River was 0.13 x 10-6 uCilml 

which is 0.013% of the RCG for the gen

eral population. These results are sum

marized in Table 17. 

The total amounts of plutonium-2 38, tri

tium, and uranium-233, 234 discharged to 

the Great Miami River during 1981 were 
• 

1.11 mCi, 22 Ci, and 0.61 mCi, respectively. 

These concentrations were 0.02%, 1.3% and 

0.003% of the most restrictive RCG for 

individuals in the population. It should 

be noted that a drainage control system 

consisting of retention basins and an over

flow pond was placed in operation in 1979 

to reduce plutonium levels in plant efflu

ents. The system reduced the quantity of 

plutonium-238 discharged in 1981 by approx

imately 75% as compared to 1978. 

Air-Nonradioactive/Water-Radioactive ------------------- • 
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~-----------------Table 16- INCRB1ENTAL CONCENTRATION OF--------------------
PLUTONIUM-238 IN THE GREAT MIAMI RIVER in 1981 • Plutonium-238 

Number Range d Averageb,d,e Perce!'lt 

Location 
of a 

Samples (10-12 1.1Ci/ml) (l0-l2 lJCi/ml) of RCGc 

l 4 E.L. - 16 3.4 ± 14 0.0002 

2 4 E.L. - 9.7 2.4 ± 8.4 0.0001 

3 4 E.L. - 1.3 E.L. 

4 4 E.L. - 4.8 2 ± 4.5 0.0001 

5 4 E.L. E.L. 

acomposite large volume water samples for each location from water 
collected during CY-1981. 

bLower Detection Limit (LOLl for 238 Pu in water is 0. 8 x 10.-12 

1.1Ci/ml which is 0.00004% of the RCG. 

cRadioactivity Concentration Guide (RCG) = 2,000,000 x lo-12 1.1Ci/ml 
for the general population and the soluble form of plutonium-238. 

d . 
Average environmental level (E.L.) subtracted from data. 

eError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. • Uranium-233, 234, and 238 were also moni

tored at the river water sampling loca

tions during ~981. The average incre

mental concentrations of uranium-233, 

234, and uranium-238 were at environmental 

levels shown in Table 3. In addition, as 

shown in Table 18, the ratio of uranium-

233, 234 to uranium-238 is slightly greater 

than unity, which is in range of back

ground ratios reported [9]. This is ex

pected as a result of secular equilibrium. 

Seven additional surface water locations, 

such as ponds, in all quadrants surround

ing Mound as shown in Figure 6 are sampled 

quarterly for plutonium and tritium 

Water-Radioactive 
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analyses. The samples used for plutonium-

238 determination are also large volume 

water samples. The large volume of sample 

increases the sensitivity of the analysis 

for plutonium. A smaller ~liquot (10 ml) 

is taken which is adequate for the tri

tium analysis. The average concentrations 

of plutonium-238 and tritium for all loca

tions were 1.08 x lo-12 I.ICi/ml and 0.1 x 

10-6 ~Ci/ml, respectively, which are 

0.00005% and 0.01% of the respective RCG 

for the general population. The results 

of the surface water samples are summarized 

in Tables 19 and 20. Environmental levels 

(Table 3) have been subtracted from the 

concentration of plutonium and tritium in 

water. 

• 
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Table 17 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN THE GREAT MIAMI RIVER IN 1981 

Tritium 
Number Ranged Averagea,c,d Percent of 

Location Samples (10-6 
lJCi/ml) (10- 6 

uCi/ml) of RCGb 

1 43 E.L. - 1.0 0.08 ± 0.15 0.008 

2 47 E.L. - 0.6 0.08 ± 0.14 0.008 

3 47 E.L. - 0.7 0.09 ± 0.14 0.009 

4 47 E.L. - 0.6 0.17 ± 0.14 0.017 

5 47 E.L. - 1.0 0.22 ± 0.14 0.022 

aLower Detection Limit (LDL) for tritium in water is 0.4 X 10-6 

uCi/ml which is 0.04% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared 
to tritium concentration in water not used for drinking purposes 
= 1000 x lo-6 uCi/ml for the general population and the soluble 
form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data • 

During 1981, Hound concluded a previously 

reported program for reducing the concen

tration of tritium in the local area of 

the Buried Valley Aquifer adjacent to the 

site in order to comply with new EPA 

Interim Primary Drinking Water Regulations 

which became effective in June 1977 for 

public water systems. The background 

level of tritium in the aquifer had been 

increased by past tritium operations at 

~1ound. In response to this situation, 

releasing tritium process liquid effluents 

to the environment was discontinued during 

1970. The natural reduction of tritium in 

the aquifer was augmented by forced water 

turnover, involving high-volume pumping 

of two high-capacity wells and induced 

infiltration of water from the Great 

~tiami River. 

The EPA drinking water regulations, pro

mulgated in July 1976, reduced the federal 

standard for tritium by a factor of 50. 

This great reduction resulted in Mound's 

three wells and eight offsite wells being 

out of compliance. The pumping program to 

remove tritiated water from the aquifer 

brought Mound's three wells into compli

ance with the new tritium standard in 

September 1977, and five of the affected, 

offsite, privately owned, wells in April 

1978. By December 1980, all wells were 

---------------------------Water-Radioactive 
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Table 18 - INCREMENTAL CONCENTRATION OF 
233

•
234

u ANO 
238

u JN TilE GREAT MIAMI RIVER IN 19Hl -----------1 

233,234u _ 

Number Range d Averagea,b,c,e PercP.nt 

Location Sa~~lesa (10-10 .. Ci/ml) (10-10 pCi/ml) of RCGf,g -----
1 4 E.L. E.L. 

2 4 E .L. E.L. 

) 4 E.L. - 0.02 E.L. 

4 4 E.L. E.L. 

5 4 E.L. E.L. 

aComposite large volume water· samples for each location. 

E.L. E.L. 

E.I .. E.L. 

E.L. E. L. 

E.l.. E .L. 

E.L. E.L. 

Percent 
of HCGf. g ---·---

bLower Detection Limit (LOLl for 233 • 234 u anJ 238u in water is 0.31 x l0- 10 i•Ci/ml and 0.11 x 10-lO 1.Ci/ml, 
respectively. 

"'Error limits are estimates of the standard error of the estimated means.at the 951. cuuiidcnce level. 

dA ratio slightly greater than unity indicates naturdlly occurring uranium i~ l 1. Docs not have 
.environmental levels subtracted. 

eAverage environmental level (E.L.) subtract~J from data. 

fDOE Concentration Guide (RCG) for 233 • 234 u " 100,000 x lo- 10 llCi/ml for the qeueral population. 

qDOE Concentration Guide (RCG) for 238c = 400,000 x 10-JO pCl/ml for the general population. 

• 

Rat iod 

2 3 J :=2~u;.:2_~~ 

1.1 

1.1 

I . 1 

1.2 

1.0 
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r------------------------ Table 19 - INCREMENTAL CONCENTRATION OF 
PLUTONIUM-238 IN SURFACE WATER IN 1981 

Number 
--------~ Plutonium~-~2~3~8~~~~ 

Ranged Averageb,d,c 

Location s~~lesa (l0-12 ~Ci/ml) !lo-12 uCi/mll 

Percent 

of RCGc 

10 4 

11 4 

12 4 

13 4 

14 

15 4 

16 4 

17 4 

E.L. 

E. L. 

E. L. - .l. 2 

E.L. 

E.L. 

E.L. 

E.L. - 3.1 

E.L. - 37 

E.L. 

E.L. 

·o.l! 6.7 

E.L. 

E.L. 

E.L. 

E.L. 

8.5 ! 29 

0.000005 

0.0004 

acomposite large volume water samples were used for each location. 

bLower Detection Limit (LOLl for 238 Pu in water is 0.8 x 10-12 ,oCi/ml 
which is 0.00004% of the RCG. 

cRadioactivity Concentration Guide (RCGl for 238 Pu in water= 2,000,000 
~ lo-12 uCi/ml for the general population and soluble form of plutonium-238. 

dcrror limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

in compliance with the EPA standard. The 

average concentration of tritium in all 

affected offsite wells during 1981 was 

11 x 10-6 ~Ci/ml or 45% below the EPA 

standard. Periodic pumping of the aqui

fer continued in 1981 and will be used 

to maintain the wells in compliance until 

data indicate that the pumping can be 

terminated. Additional details concern

ing this program have been reported by 

Styron and Meyer [10]. Analytical re

sults from the private wells are summar

ized in Table 21. 

Drinking water from communities in the 

surrounding area is sampled and analyzed 

quarterly for tritium. These communities 

and their relative locations are shown in 

Figure 1 . The average concentration of 

tritium for all locations was 0.6 x 10- 6 

~Ci/ml which is 3% of the standard adopted 

by the u.s. EPA in 1977 for community drink

ing water systems. Data from the analyses 

of community drinking water samples are 

summarized in Table 22. The environmental 

level in Table 3 for tritium in water is 

not subtracted from these data. 

Four private wells and Miamisburg city 

water were sampled and analyzed quarterly 

for plutonium-238. These samples were also 

large volume water samples. The average 

incremental plutonium-238 concentration 

for these locations was 8.3 x·lo- 12 ~Ci/ml 

which is 0.0004% of the applicable DOE RCG 

for the general population. These results 

are shown in Table 23. 
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~-------------------------------- Table 20 - "NCREMENTAL CONCENTRATION 0!----------------------------------~ 
TRITIUM IN SURFACE WATER !N 1981 

Tritium 
Number 

of 
Location Samples 

Range 
!10-6 "Ci/ml) 

Averaqea,b,d 

110-6 uCi/:nll 

?ercent 

0~ RCVC ---------
10 16 E.L. - 0.4 0.03 0.17 

11 20 E.L. - 1.1 0.09 0.2 

12 19 E.L. - 0.2 E. L. 
l3 19 r r 0.1 0.01 0.16 
14 21 E.L. - 0.4 0.17 0.16 
15 21 E.L. - 0.4 0.09 0. 1 i 
16 19 E. L. - 0.2 0.07 0. 17 
17 19 0.1 - 0.9 0.34 o. 17 

aLower Detection Limit (LDL) for tritium in water is 0.4 x 10- 6 

uCi/ml which is 0.04% of the RGC. 

bDOE Radioactivity Concentration Guide (RCG) which is compared to 
tritium concentration in water not used for drinking purposes = 
1000 x lo-6 uCi/ml for the general population and soluble form 
of tritium. 

cError limits are estimates of the standard error of the est1matcd 
means at the 9S% confidence level. 

dAvcrage environmental level {E.L.) subtracted from data. 

Table 21 - TRITIUM IN PRIVATE WELLS IN 1981 

_____________ T~itium 

0.003 

0.009 

O.QCl 

0.)!~ 

0.009 

0.007 

0. 0 34 

Number 
Range 

e Averagea,b,d,e PC'rcent of 
Location Samples -6 

.!.!.Q_ i•Ci/~ 
-6 

.!.!.Q_ u c i I "!!.l Standardc -------- ---··---
B-1 51 - 25 15 1.6 

U-2 4 - 14 11 3.5 

IJ-J 12 7. 4 - 9.1 8. 3 0.4 

,J-1 12 4.9 9. 1 6.> 0.7 

H-R J9 10 17 I 4 0.1) 

U-11 52 8.4 - 17 14 0.5 

aAll wells arc now in compliance with the new EPA standard ot 
20 " Io-6 .. ci;ml. 

bLower Detection Limit (LDL) for tritium in water is 0.4 x 10-6 

,JC i/ml which is 2% of the EPA Standard. 

cE::PA Standard for tritium in community drinkino water systems 
• 20 x lo-6 uCi/m1. Mound is usino the EPA Standard as a quidc 
for the private water sup~lies. 

'\:rror Limits are cstim.Jtes of the standard error of the t~stirnoJtt."~~ 
means at the 95\ confidence level. 

t.'i:r"l\.·Lrun:nt:ntdl lt...·V~l lS 1ncludt:J in these Uat..l for ~:omparu:;on to 
1 h~..- LP1\ St.Jnr!ard. 

75 

55 

42 

J j 

Ill 

70 

• 

• 
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,.-----------------Table 22 - SIIM.'IARY OF TRIT!lJM LEVELS IN 
COMMUNITY DRINKING WATER IN 1981 

Tritium 
=-:umber 

____ d ________ ------

of 
Ranqe Averaqc~.c.J ?erccnt 

_Locat~~~-s- ~~e~ 
-6 

~ uCi/m!l_ (10- 6 
11CL(rn!t 5tandard 0 

Uellbrook 0.3 - o.s 0.4 0.2 

Centerville 0.4 - 0.7 o.s 0.2 2.5 

Dayton 0.3 - 0.4 0.4 0.1 

F'runklin 0.2 - 0.6 0.5 0. J 2.:, 

Germantown 0.3 - o.s 0.4 0.2 

Kettering 0.3 - O.h o.s 0.2 2. 5 

Miamisburg 1 - S .I 2. 4 2.9 12 

Middletown 0. 4 - o.s 0.4 0.1 

Moraine 0.4 

Springboro 0.4 - 0.6 0.5 0. l 2. 5 

Waynesville 0.2 - 0.3 0.3 0. l l.S 

West Carrollton 0.7 - 1.1 0.9 0. 3 4. 5 

aLower Detection Limit (LOL) for tritium oxide is 0.4 x 10-6 1:Ci/ml which 
is 2t of the EPA Standard for community drinkinq-water. 

bEPA Drinking Water Standard for tritium = 20 x 10- 6 ,.Ci/ml for community 
drinking water systems. 

cError limits are estimates of the standard error of the estimated means 
~t the 95~ confidence level. 

clEuvironmental level is included in these delta for comparison to the EPA 
Stdndard. 

Table 23 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN PRIVATE 
WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1981 

Plutonium-238 
Number Rangee Averageb,d,e 

Location s~~lesa ( 10·12 UCi/ml) ( 10·12 uCi/ml) 

Miamisburg 4 0.5 -11 3.3 = 8 

B-1 4 1 8.5 3.9 12 

B-2 1 25 

B-3 4 1 - 22 7.9 16 

J-1 4 N.D. - 2.7 1.3 2.2 

Percent 

of RCGC 

0.0002 

0.0002 

0.001 

0.0004 

0.00007 

acomposite large volume water samples were analyzed from each location 
from water collected during CY-1981. 

bLower Detection Limit (LOLl for 238 Pu is 0.8 x lo-12 uCi/ml which is 
o:ooo04% of the RCG. 

cApplicable DOE Radioactivity Concentration Guide (RCGl for 238 Pu in 
water = 2,000,000 x lo-12 ~Ci/ml for the general population and soluble 
form of plutonium-238. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

e(N.D.) -Environmental levels could not be detected, values presented 
represent actual measurem~nts above reagent blank levels . 
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Water - Nonradioactive 

Mound's National Pollutant Discharge 

Elimination System (NPDES} permit was 

renewed effective January 15, 1981 after 

several years of negotiations with the 

Region V office of the u.s. EPA. This 

permit specified limitations for pollut

ants in the effluent streams from Mound 

that discharge to the Great Miami River. 

The renewed permit contains monitoring 

requirements modified from the previous 

permit. These new requirements corre

spond to the sampling as it is actually 

performed and eliminate the need to · 

mathematically combine data to correspond 

to the permit requirements. Discharge 

001 (pipe) from the old permit has been 

separated into two discharges 001-A and 

001-B. Discharge 001-A includes only 

the sanitary sewage treatment plant dis

charge. Discharge 001-B includes storm 

water runoff, single-pass cooling water, 

zeolite softener backwash, boiler-plant 

blowdown,.and discharge from the radio

active waste disposal facility. One new 

monitoring location was added to the 

closed pipe system, 001-C, the discharge 

from the electroplating shop which is 

routed to the sanitary sewage treatment 

plant. This discharge is monitored prior 

to mixing with other sanitary waste. 

Discharge 002 (ditch) monitoring require

ments remained essentially unchanged in 

the renewed permit. Discharge 002 con

sists of single-pass cooling water, 

cooling-tower blowdown ,· zeolite softener 

backwash, and most of the storm water 

runoff. Two additional discharges 003 

and 004, are now included in Mound's per

mit. These discharges are from two wells 

• 
that are periodically pumped as a ?a:-t of 

the Potable Water Standards Project. The 

only requirement impoged by EPA for thesE 

two discharges is that the flo..- be ::Joni

tored: 238 million gallons were discharqed 

from 003; no water was discharged from 004 

during 19 81. 

A 24-hr composite, flow proportional sa~ple 

is automatically collected from discharges 

001-A, 001-B, and 002. An 8-hr compositE, 

time proportional sample is collected frcm 

discharge 001-C. Grab samples are also 

collected, as required by EPA, for the 

analysis of certain pol~utants. The 

effluent water samples are analyzed for 

water quality parameters according to 

standard methods [11]. The results of 

effluent analyses for 1981 are summarized 

in Table 24. 

A total of 1198 analyses were performed 

in 1981 in conjuction with the NPDES per~ 

mit. From these measurements, an efflu

ent parameter exceeded its maximum dis

charge limit 23 times. In addition, 

effluent parameters exceeded 30-day aver

age discharge limits 11 times during 1981. 

Half of these exceptions were attributable 

directly to the weather, 11 maximum and 

5 average exceptions. High suspended 

solids resulting from storm runoff was 

• 

the primary cause of the weather-releated 

exceptions. Maintenance operations re

sulted in 5 maximum and 2 average excep

tions for suspended solids, fecal coliform, 

residual chlorine, and nickel, collectively. 

Equipment malfunctions caused 2 maximum 

exceptions. Three maximum exceptions were 

identified with plant operations that have 

subsequently been modified 'to minimize 

Water-Nonradioactive -------------------------- • 
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Table 24 - NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM DATA FOR 1981 

Permit Limits 
No. of Annual Monthly 

Parameter Parameter Units Samples Ninimum Maximum Average Maximum** Average ----
Discharse 001-A 

Flow Rate MGD Cont. 0.05 0.28 0.14 ••• ••• 
Biochem. 02 Demand mq/1 (kg/day) 88 1.2 (0.6) 7.5 ( 4. 7) 3.8 ( 1. 9) 15.0 ( 14. 2) 10.0 ( 4. 9) 
Susp. Solids mg/1 (kg/day) 100 3.0 ( l. 4) 28.0 (18. 6) 12.1 (6 .1) 30.0 (28.4) 15.0 ( 7. 4) 
Fecal Coliform MPN/100 ml 93 ' 2 4350 107 2000 1000 
pH pll units 239 6.8 8.3 9.0 ••• 

Discharse 001-B 

Flow Rage MGD Cont. 0.02 0.50 0.09 ••• ••• 
Susp. Solids (Oct-Mar) mg/1 (kg/day) 43 0.8 (0. 2) 74.3 (33. 0) 15.2 ( 3 .0) 30.0 (11. 4) 20.0 ( 7. 6) 
Susp. Solids (Apr-Sept) mg/1 (kg/day) 48 0.7 (0. 2) 48.0 ( 36. 3) 11.7 (4. 9) 50.0 (19. 0) 20.0 ( 7. 6) 
Oil and Grease mg/1 14 0.2 2.1 1.2 10.0 • •• 
Dissolved Solids mg/1 14 416 16700 2150 ••• ••• 
Chemical 02 Demand mg/1 13 6.7 128 46 ••• ••• 
Residual Chlorine mg/1 94 < 0.02 1.2 < 0.02 0.02 ... 
pll pll units 111 7. 4 8.8 9.0 ••• 

Dischar9e 001-C 

Cyanide mg/1 19 < 0.01 0.92 0.17 1.0 ••• 
Cadmium mg/1 16 0.02 0.15 0.06 0.1 ... 
Chromium mg/1 16 0.01 0.13 0.05 0.5 ••• 
Copper mg/1 16 0.07 0.72 0.23 0.5 ••• 
Nickel mg/1 16 0.07 3.36 0.51 0.5 ... 

Discharse 002 

Flow Rat.e MGD Cont. 0.06 1. 57 0.52 ••• . .. 
Susp. Solids mg/1 (kg/day) 94 1.0 ( 1.0) 43.7 ( 128) 12.5 ( 27.7) 30.0 ( 91 i 15.0 ( 34) 
Dissolved Solids mg/1 (kg/day) 24 398 (624) 2460 (4500) 900 (1 7 30) 2000 (6065) 1500 ( 3412) 

~ Oil and Grease mg/1 1 3 0. 3 0.9 0.5 10 ~ .. 
a Residual Chlorine mg/1 90 < 0.02 < 0.02 < 0.02 0.02 ••• 
~ pH pll units 37 7.5 8.5 9.0 •• 0 ... 

0 z 
0 **pll has a minimum limit of 6.5 an::l a maximum limit of 9. 0. :s 
; ***No limit applicable. 
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their impact on the NPDES permit limits. 

Combinations of the above mentioned fac

tors were involved with 4 of the average 

exceptions. Only 2 maximum exceptions, 

residual chlorine at 001-B, occurred whose 

cause could not be determined even after 

considerable investigation. After each 

of these exceptions was discovered, a 

sample was collected later that same day 

which indicated normal concentrations 

(< 0. 0 2 mg/1) , thus making it impossible 

to trace back to the source. 

In all cases, the above exceptions had no 

significantly adverse effect on the Great 

Miami River. In addition, the data in 

Table 24 show that Mound releases to the 

Great Hiarni River did not cause the Ohio 

Stream Standards to be exceeded. 

Foodstuffs and vegetation-

Radioactive 

Various locally grown foodstuffs and vege

tation samples are collected from the 

surrounding area. The intent of this 

portion of the Environmental Monitoring 

Program is to determine whether there is 

any significant uptake and concentration 

of radionuclides by plant or animal life. 

Samples were collected in Miamisburg, 

Water-Nonradioactive/Foodstuffs and Vegetation 
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Centerville, and Bellbrook. Cent~~v:~~s 

and Bellbrook are in ~he prevailing •.-:.:.:;,; 

direction from Mound at a distanc~ o: 

8 km (5 mi) and 16 km (10 mil, respective

ly. Both communities are shown in Fi7•:re 

1. Fish were collected in the Great Mia~i 

River downstream of 1\lound's out:o.ll ir-,t::J 

the Great Miami River. The acea froffi 

which the fish were taken can be seen in 

Figure 6. The plutonium-238 content o: 

the foodstuff and vegetation samples 1s 

determined by ashing the samples, then 

proceeding with the same techniques used 

for plutonium-238 analyses of air samples 

(see section on Air - Radioact.:.ve) . ~he 

tritium content of the foodstuff anC: ve:::,~

tation samples is determined by distillinu 

the water from the sample, then analyzin'! 

the distillate for tritium. The results 

of the foodstuff, vegetation, and fish 

analyses are summarized in Tables 25 and 

26. The concentration is given in terms 

of the sample weight (wet weight) before 

ashing or distilling. The samples of 

aquatic life analyzed included only the 

edible, fleshy portions of fish. ~hese 

analyses indicate no evidence of any 

significant uptake or concentration by 

plant or animal life of the radionuclides 

handled at Mound. Environmental levels 

for foodstuffs and vegetation have been 

subtracted from the data (Table 3) . 

• 

• 
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r------------------ Table 25- INCREMENTAL PLUTONIUM-238 IN FOODSTUFFS-----------------------, 
&~0 VEGETATION IN 1981 

Plutonium-238 
Type Number Rangea,d Averagea,b,c,d 

of of 
Location Sample Samples (10- 6 

uCi/gl (10- 6 
~Ci/gl 

Miamisburg Grasse 8 N.D. - 0.0017 0.0007 

Potatoes 4 0.0002 0.0009 0.0005 

Centerville Grasse 8 N.D. 0.0007 0.0001 

Potatoes 4 0.0002 - 0.001 0.0004 

Bellbrook Grasse 8 N.D. - 0.0006 0.0001 

PotatoPs 4 l::.r .• - 0.000~ o.onnot 

Mound Fish 8 E.L. - 0.0002 0.00007 
(outfall 
to river) 

aAverage environmental level (E.L.) subtracted from data. 

bError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

cLo~er Detection Limit (LOLl for plutonium-238 in grass samples is 
0.0006 x lo-6 uCi/g. LDL for plutonium-238 in potato samples is 
0.0002 x 10- 6 ~Ci/g. LDL for plutonium-238 in fish samples is 
0.0001 X 10-6 UCi/g. 

0.0005 

0.0005 

0.0003 

0.0007 

0.0002 

0.0007 

0.0002 

dMany of these results were at the LDL level; however, the actual 
values were used in the averages as explained earlier in this report. 

e IN .. D. l Environmental level and values cannot be detected above 
reagent blanks, therefore includes environmental level . 

Table 26 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN VEGETATION IN 1981 

Tritium 
Type 

of 
Sample 

Number 
of 

Samples 

Range c Averagea,b,c,d 

Location 

Miamisburg 

Centerville 

Bellbrook 

Grass 

Tomatoes 

Grass 

Tomatoes 

Grass 

Tomatoes 

8 

8 

(10- 6 
''Ci/gl 

0.07 - 0.46 

1.19 - 1.5 

0.33 - 0.74 

0.18 - 0.41 

E.L. - 0.53 

E.L. - 0.4 

aLDL for tritium in grass is 0.08 x 10-6 "Ci/g. 

bLDL for tritium in tomatoes is 0.07 x 10-6 oCi/g. 

il0- 6 

0.29 

1. 35 

0.53 

0.31 

0.17 

0.16 

cAverage environmental levels have been subtracted from data. 

cCi/9l 

0.11 

0.23 

0.16 

0.17 

0.16 

0.38 

dError limits are estimates of the standard error of the estimated 
means at the 95• confidence level . 
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Silt - Radioactive 

Silt samples were collected from the 

river and surface water sample locations 

shown in Figure 6. 

The results of the silt s.:~r::plc :In;:;l·:s,·~: 

are found in '!'ables 27 and 28. ~·lo .~::f::;!.t~· 
soil sampling was conducted in 19Sl si~ce 

Silt-Radioactive 
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the soil inventory was completed and re-

ported for 1977, and there is ~o evidence 

of other than minimal uptake of plutoniun-

238 by plants from soil [12). 

Table 27 - INCREMENTAL CONCENTRATION OF PLUTONIUM-2JS 
IN SILT FROM RIVER MONITORING LOCATIONS IN 1981 

238Pu 238Pu 
Number Range c Average 01 'b,c 

of 
(10- 6 -6 Location SamEles ~ci/sl ..\lQ._" c i / '.il 

1 4 N.D. - 0.01 0.003 0.009 

2 4 0.01 0.15 0.05 0. 1 

3 4 0.03 0.1 - 0. 07 0. 05 

4 4 0.13 0.51 0. 3 0. 31 

5 4 0.008 0.04 0.02 0. 03 

aLower Detection Limit (LDL) for 238 Pu in silt is 
0.001 x lo-6 uCi/g. 

bError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

c(N.D.) -Environmental level and sample values cannot be detected 
above reagent blanks, therefore includes environmental level. 

Table 28 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN SILT FROM SURFACE WATER MONITORING LOCATIONS IN 1981 

238Pu 
Number Range c 

of 
Location Sam12les (10- 6 

uCiffi 

10 4 0.0002 - 0.0006 

11 4 0.0002 - 0.0006 

12 4 0.0003 - 0.0016 

13 4 N.D. - 0.0037 

14 4 N.D. - 0.0004 

15 4 0.0015 - 0.0068 

16 4 N.D. - 0.0016 

aLower Detection Limit (LDL) for 238 Pu is 
uCi/g. 

2J8Pu 

Averagea,b,c 

(10 -6 cCiffi 

0.0004 0.0003 

0.0005 0.0004 

0.0009 0.0008 

0.0007 0.0033 

N.D. 

0.0032 0.0039 

0.0005 0.0012 

-6 0.001 X 10 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

c(N.D.) -Environmental level and sample values cannot be detected 
above reagent blanks, therefore includes environmental level. 

• 
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Evaluation of dose 

commitment to the public 
A dose assessment was performed for radio

nuclides in the environment from Mound 

operations. These radionuclides are 

plutonium-238 and tritium. Tritium 

(oxide) is the only radionuclide at Mound 

for which the critical organ is the whole 

body. The critical organs for plutonium-

238 are assumed to be the lung for in

soluble material and the bone for soluble 

material. The solubility of plutonium-238 

in the receptor·is unknown; therefore, 

each dose evaluation for both lung and 

bone was based on total incremental con

centration of plutonium-238 found in the 

environment. This approach gives a very 

conservative or overestimate of the dose 

commitment . 

The term "dose commitment," as used in 

this report, is that cumulative dose for 

a period of 50 yr from 1 yr of exposure 

to a given radionuclide. 

Plutonium-238 assumptions 

and methodology 

The dose commitment estimates for pluton

ium-238 were based on environmental 

monitoring data for CY-1981. The esti

mates for maximum dose commitment to the 

lung at the site boundary and maximum 

dose commitment to the lung in individuals 

were based on the maximum onsite incre

mental average concentration of plutonium-

238 in air from onsite samplers (sampler 

211, Table 10), since the samplers are in 

close proximity to the site boundary. Th~ 

maximum dose commitment to the lung in 

population group(s) ~as based on the maxi

mum offsite average incremental concentra

tion of plutonium-238 in air (sampler 123, 

Table 7). 

The estimates for maximum dose commitment 

to the bone at the site boundary and in 

individuals were also based on the maxi

mum onsite average incremental concentra

tion of plutonium-238 in air and the 

maximum offsite average concentration of 

plutonium-238 in drinking water (average 

of B-~, B-2, and B-3, Table 23). The 

maximum dose commitment to the bone for 

individuals in population group(s) was 

calculated using airborne concentrations 

of plutonium-238 and the concentration of 

plutonium-238 in municipal drinking water 

(Miamisburg drinking water, Table 23). 

The terms "maximum dose commitment at the 

site boundary" and "maximum dose commit

ment to individuals"· refer to the maximum 

dose commitment possible for individuals 

to receive assuming they remain at the 

site boundary 24 hr/day and 365 days/yr. 

The term "maximum dose commitment for 

individuals in population group(s)" refers 

to those individuals who reside in an area 

adjacent to r1ound and who receive the max

imum dose commitment values found in the 

offsite environment. 

The calculational methods can be found in 

the Appendix. The results of the dose 

commitment estimate calculations are shown 

in Table 29. 
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Table 29 - DOSE COMHITMENT ESTI:1ATES 

Maximum dose 
equivalent at the 2.32 
site boundary 

Maximum dose 
equivalent to an 
individual 

Maximum dose 

2.32 

equivalent to an 
individual in the 0.11 
population 
group(s) 

P:!.utonium-238 
% of 

Applicable 
DOE Standard 

0.15 

0.02 

The data indicate that in all cases of 

dose commitment comparisons, the dose 

commitments are at or within 1% of the 

DOE standard. In addition, to provide 

a relative comparison of these dose. com

mitment values, the maximum dose to the 

lung of an individual around Mound is 

2.32 mrem/50 yr. This would be equiva

lent to the additional dose to an indi

vidual smoking 3.5 cigarettes/yr [13] or 

visiting a friend who lives in a brick 

house for 2.5 days (14] (as compared to 

a wooden house) . 

Tritium (oxide) assumptions 

and methodology 

The dose commitment estimates for tritium 

(oxide) were also based on environmental 

monitoring data for 1981. The concentra

tions used for dose commitment estirr.ates 

for tritium (oxide) were arrived at by 

the same method as that used for pluton

ium. The maximum average onsite air 

Dose Commitment 
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(mrem/50 vr J 
% of 

Applicable 
Bone DOE Standard 

15.3 

15.3 1.0 

0.7 0.1 

_7:-itium Oxide 
(mrem/50 ·:rl 

~ of 
Whole Applicable 
BOCj" DOE Standa:-::-

l. 42 

l. 42 0.3 

0. 3 0. 2 

incremental concentration was measured 

at sampler 213 (Table 12), and the maxl

mum drinking water incremental concent.c:,

tion was the average measured at location 

B-R (Table 21). Tbe maximum average off

site air incremental concentration was 

measured at sampler 101 (Table 9, and ~he 

maximum incremental concentration of 

drinking water for individuals in a popu

lation group was that measured in the 

Miamisburg drinking water. ~he total 

dose commitment for the whole body was 

obtained by addition of the dose commit

ment of tritium (oxide) in air and the 

dose commitment of tritium (oxide) in 

water. The calculational methods can be 

found in the Appendix. The results of 

the dose commitment estimate calculations 

are shown in Table 28. 

• 

• 

The tritium data indicate dose c6mmitment 

levels well within 1% of the DOE standards. 

For example, the maximum whole body dose 

commitment to an individual around Mound 

from tritium is 1.42 mrem. This value is 

• 
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equivalent to the additional dose to an 

individual from Ohio taking a 5-day 

vacation in Colorado [15]. 

Environmental data indicate that Mound's 

influence does not reach 32 km (20 mi); 

however, 32 km will be the assumed limit 

for Mound's impact. 

The person-rem dose commitment estimate 

calculations were based on tritium (oxide) 

data from environmental air sampling sta

tions in two ranges: 0-8 km (0-5 mi) and 

8-32 (5-20 mi). The 0-8 km range includes 

10 samplers within 1.6 km (1 mi) of Mound. 

The average concentration of tritium 

(oxide) in air was obtained by averaging 

ten offsite tritium air samplers less the 

concentration found at sampler #119. 

From this average concentration a dose 

commitment was determined and multiplied 

by the number of people from 0 to 8 km • 

The average tritium (oxide) concentration 

from the· four other offsite samplers (less 

the concentration at sampler 119) were 

used to obtain the person-rem from 8 to 

32 km. Eight area segments from 8 to 32 

km were obtained by letting each sampler 

represent one segment concentration and 

the average of two adjacent samplers would 

represent another segment. These segment 

concentrations were then multiplied by 
their respective population. By using 

the four samplers and this averaging tech

nique, a more realistic person-rem value 

could be obtained. 

The person-rem from tritium (oxide) in 

community water was based on average 

concentrations of tritium (oxide) in 

various community water supplies, less 

appropriate environmental levels, and 

weighing these concentrations with respec

tive populations. 

The calculations for the air and water 

dose commitment estimates are shown in 

the Appendix. 

It is estimated that the total population 

from 0 to 32 km is receiving 20 person

rem from 1\lound' s emissions. The remaining 

population from 32 km to 80 km (20 to 50 

mi) is not receiving any dose commitment 

from tritium (oxide) emissions. Thus, 

the dose commitment from Mound's emission 

is 20 person-rem for the 0-80 km range. 

For comparison, the person-rem values 

from natural radiation, including cosmic 

rays and terrestial radiation, would be 

approximately 320,000 person-rem for the 

0 to 80 km (50 mi) range [16]. The dose 

commitment from natural background tri

tium alone is 80 person-rem for the 0 to 

80 km range. 
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Appendix 
Applicable standards 

RADIOACTIVE STANDARDS 

In conformance with DOE Order 5480.1, 

Chapter XI, "Requirements for Radiation 

Protection," offsite sample results are 

compared with RCG's established for the 

general population. These RCG's are de

rived by dividing the RCG's for an un

controlled area by three. 

Onsite sample results are compared with 

the uncontrolled area RCG's whiah are 

applicable for individuals in the popu

lation. 

The RCG values_ (in microcuries per milli

liter - ~Ci/ml) used for comparison pur

poses for the various types of samples 

in this report are listed below. In ·all 

cases, these are the most restrictive 

RCG's. 

Plutonium-238 (Soluble Form) 

Air 

General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

2 X 10-14 \.!Ci/ml 

7 X 10-14 ~Ci/ml 

Water 

General Population 2 x 10-6 ~Ci/ml 

Uncontrolled Area 5 x 10-6 ~Ci/ml 

(Individuals in 

the Population) 

Tritium (Soluble Form) 

Air 

General Population 7 x 10- 8 ~Ci/ml 

Uncontrolled Area 2 x 10- 7 ~Ci/ml 

(Individuals in 

the Population) 

Hater (DOE RCG is conparec to \·rater not 

used for drinkinq purposes) 

General Population 1 x 10-3 \.!Ci/ml 

.Uncontrolled Area 3 x 10-3 ~Ci/ml 

(Individuals in 

the Population) 

As of June 24, 1977, community drinking 

water quality is regulated by the EPA 

National Interim Primary Drinking Water 

Regulations for Radionuclides. The new 

standard= 20 x 10-6 ~Ci/ml (20,000 pCi/1). 

Foodstuffs There are no RCG values speci

fied for foodstuffs. However, to give 

some perspective, the foodstuff values can 

be compared to the RCG values for plutonium 

and tritium in water. 

Soil There are no guidelines established 

for radioactive species in soil. (The 

u.s. EPA has guidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

~·Tater Region V of the U.S. EPA has issued 

a discharge permit under NPDES regulations 

covering Mound liquid effluent streams. 

The discharge limitations for each efflu

ent stream are as follows: 
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Discharse 001-A 

BODS mg/1 (kg/day) 

Suspended Solids 
mg/1 (kg/day) 

Fecal Coliform 
N/100 ml 

pH 

Discharse 001-B 

Suspended Solids 
mg/1 (kg/day) 

(Oct-Har) 
(Apr-Sept) 

Oil and Grease 
mg/1 

7-day 
Averase 

15 (14. 2) 

30 (28.4) 

2000 

6. 5 - 9.0 

Daily 
Haximum 

30 (11. 4) 
50 ( 19) 

10 

30-day 
Averase 

10 ( 4. 9) 

15 (7.4) 

1000 

Daily 
Average 

20 (7.6) 
20 (7.6) 

COD 

Dissolved Solids 

Residual Chlorine 

f.1oni tor Only 

Monitor Only 

0.02 
mg/1 

pH 6.5 - 9 

Discharse 001-c 

Cyanide mg/1 

Chromium - Total mg/1 

Cadmium mg/1 

Nickel mg/1 

Copper mg/1 

Discharge 002 

Suspended Solids 
mg/1 (kg/day) 

Dissolved Solids 
mg/1 (kg/day) 

Oil and Grease 
mg/1 

Residual Chlorine 

pH 

Daily 
Maximum 

30 ( 91) 

2000 
(6065) 

10 

0.02 

6. 5 - 9 

Daily 
Haximum 

1.0 

0.5 

0.1 

0.5 

0.5 

Daily 
Average 

15 ( 34) 

1500 
( 3412) 

The Ohio EPA has established t>Jater Quality 

Standards (3745-l-01-3745-1-09). The 

standards listed below are excerpted from 

these regulations. These standards are 
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stream standards and apply to d stream 

beyond a sui table mixing zone per;:•~ t~-2C. • 

for discharges. They-should not be com-

pared with effluent concentratio~s. 

Constituent 

Dissolved Oxygen 

pH 

Fecal Coliform 

Dissolved Solids 

Ammonia 

Arsenic 

Barium 

cadmium 

Chloride 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 

Manganese 

Mercury 

Oil and Grease 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

~-v~rage 

C~nce:1-:: r3. t. i .:,r: 
l.i:tq/li ter} 

s .. l"' 

6-9 

200 per 100 ::-.l 

l"iOO 

1.5 

l) • 0 5 

0.8 

0.005 

2 50 

0. 0 5 

0. 00 5 

l.3 

0. 5 

1 

0.04 

l 

0.0005 

5 

0.01 

0.005 

0.001 

0.005- 0.075* 

0.075- 0.5"' 

*Dependent on Caco 3 hardness. 

Dose commitment calculations 

PLUTONIUM-238 CALCULATIONAL HETHODS 

• 

These dose commitment to the lung resulting 

from inhalation of airborne plutonium-238 

was calculated by: 

Sl.lCI t 1 f f EEF(RBE)~ , 
D(t) = a a r (l-e-~t2) 

1-m 

• 



• 

• 

• 

\.,.here 

D(t) = 50-yr dose commitment de

livered to the lung in 365 

days of continuous exposure 

to plutonium-238 in air, 

rem/50 yr 

c average airborne concentra

tion, llCi/ml 

Ia = average air intake 

= 2 x 10 7 ml/day [1] 

t 1 time exposed, 365 days 

duration of dose, 50 yr 

fraction of inhaled material 

reaching organ of interest 

= 0.7 (max.) for the pul

monary region [2] 

fr =. fraction of pulmonary de

position undergoing long

term retention= 0.6 for 

actinide (class Y) [2] 

EEF(RBE)n effectiv~ energy deposition 

per disintegration = 57 [1] 

effective decay rate, 0.0014 
day-l for actinides (class 

Y) from the pulmonary region 

[3] 

m lung mass, 1000 g [1] 

The dose commitment to bone resulting 

from inhalation of airborne plutonium-238 

was calculated by: 

D(t) 

where 

f a 

EF(RBE) 

m 

51.1Ciafat1EEF(RBE)n (l-e-At2) 
AID 

= 0.2 [1] 

280 [1] 

7 X 10 3 g (1] 

3 x l0- 5day-l [1] 

The dose commitment to bone resulting from 

ingestion of plutonium-238 in water was 

calculated by: 

D (t) 

where 

Iw average quantity of water intake, 

2200 cm3 [1] 

2.4 X 10- 5 (1] 

TRITIUM OXIDE CALCULATIONAL METHODS 

The dose commitment to the whole body 

resuLting from exposur.es to tritium (oxide) 

in air was calculated by: 

D(t)a Ca 
Ra X S 

where 

D(t)a = dose commitment, mrem/50 yr 

ca 

Ra 

average concentration of tritium 

(oxide) in air 

RCG for tritium (oxide) in air [4) 

S Radiation protection standard in 

mrem/50 yr [4] 

The dose commitment to the 1flhole body re

sulting from uptake of tritium (oxide) in 

water was calculated by: 

D(t)w Cw = RW X s 

where 

D(t)w = dose equivalent in mrem/50 yr 

Cw average concentration 

Rw = RCG for tritium (oxide) in water 

[ 41 

s radiation protection standard in 

mrem/50 yr [4] 
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These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the Inter

national Commission on Radiological Pro

tection [5] and the National Council on 

Radiation Protection Measurements [6]. 

PERSON-REM CALCULATIONS 

The equations used for this calculation 

were: 

D(t)a 

where 

o(t)a 

ca 

Ra 

s 

D(t)w 

where 

D(t)w 

Ca 
Ra X 5 

dose commitment from tritium 

(oxide) in air 

average tritium (oxide) concen-

tration in air 

RCG for tritium (oxide) in air 

[ 4] 

radiation protection standard 

for tritium (oxide) in air in 

mrem/50 yr [4] 

Cw 
Rw X 5 

dose commitment from tritium 

(oxide) in water 

Cw average tritium (oxide) concen

tration in \-later 

Rw 

s 

Appendix 
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RCG for tri ti.um (oxide) in water 

(4] 

radiation protection standard 

for tritium (oxide) in water, 

mrem/50 yr [4] 

These dose comrni trne:1 t ~ia l t:(:!S ·were .::.::. -..: :_ .:-:.~<..:. 

by 1. 7 in order to reflect the q;;.a.:.i t~- • 

factor of one as recommended by t~e Inter

national Commission on Radiolo-;ica: ::: ro

tection [5] and the National Cou~c~l o~ 

Radiation Protection and Measurem<;:nts (E]. 

The total person-rem from 0 to 32 ~n ~s 

obtained by: 

where 

3 2 
_l:R 

0 
- 8 

person-rem within 32 krr. 

D(t)al:P 
0 

average dose commitment x ~Jop

ulation from 0-8 km 
8 32 
ZD(t)al:P 
0 8 

y(o< tlwP) 

summation of dose co~~it~e~ts 

x the respective populations 

within eight direction seg

ments from Mound from 8-32 k~ 

summation of dose co~mitments 

x respective population from 

0-32 km 
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Foreword 

This report was prepared by the Environmental Assessment and Planning 

Section of the Administrative Services Department at Mound Facility. 

Sample analyses and data reduction were performed by the Environmental 

Laboratory Group of the Environmental Assessment and Planning Section. 

Particulate samples offsite were collected by the Air Pollution Control 

Section of the Montgomery County Combined General Health District, 

which acts as the Regional Air Pollution Control Agency in this area 

for the Ohio Environmental Protection Agency. All other sampling was 

performed by EA&P personnel. 
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Introduction 

Mound Facility is situated on 180 acres 

of land in Miamisburg, Ohio. This loca

tion is approximately 16 km {10 mi) south

west of Dayton. The predominant geograph

ical feature in the five-county region 

surrounding Mound is the Great Miami 

River which flows from northeast to south

west through Miamisburg. The river valley 

area is generally highly industrialized. 

.AI19 

.BROOKVILLE 

EATON 

0 I 2 l A ........,_.............., 
MILE! 

12JA56 ............ ......, 
KILOMETERS 

TROTWOOD Q 

The remainder of the region is predomin

antly farm land, mixed with some light 

industry and scattered residential com

munities. The locations and populations 

of these communities are shown in Figure 

1. Figure 2 shows the population distri

bution around Mound Facility. Drinking 

water for the area is obtained from a 

buried valley aquifer which generally 

follqws the Great Miami River. The pri

mary agricultural activity in the area is 

VANDALIA. 

• SPRIHG&ORO 

• AI~ SAMPLING STA TIOHS 
POPULATION$ OF CITIES 

ezso0-5000 

0 5000-10,000 

• 10,000-15,000 

Q>15,000 

WPAFB 
WEATHER 

STATION 

FIGURE 1 - Offsite air sampling locations. 
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raising field crops such as corn and soy

beans. Approximately 10% of the land 

area in agricultural use is devoted to 

pasturing livestock [1]. 

Climate conditions in the area are moder

ate. The average annual precipitation is 

approximately 91 em (36 in.) and is 

evenly distributed throughout the year. 

Winds are predominantly from the south 

or west, except during the summer months 

when they are more frequently recorded 

from out of the southwest. Wind speeds 

average about 16 km/hr (10 mi/hr) 

annually [2]. Figure 3 shows the wind 

rose compiled at Wright Patterson AFB, 

which is located approximately 13 mi 

northeast from Mound. This wind rose 

approximates average wind conditions at 

Mound. 

ALL OBSERVATIONS 
197.033) 

Surface Wind Speed, rnph 

,., •-12 

@ 
% FreQuency 

0 5 10 15 

FIGURE 3 - The relative frequency and 
strength of winds from different direc
tions for Wright-Patterson Air Force 
Base. 

Mound Facility began operations in 1949, 

Its mission currently includes 1) research, 

development, engineering, production, and 

surveillance of components for the Depart

ment of Energy (DOE) weapon programs; 

2) separation, purification, and sale of 

stable isotopes of the noble gases; and 

3) other DOE programs including solar 

energy, fossil fuels, nuclear safequards • 

and waste management, heat source testing, 

and fusion fuel systems. The radionuclides 

of primary concern that result from Mound's 

current or past operations i~clude pluton

ium-238 and tritium. 

Radionuclides in particulate form are re

moved from process air effluents from 

nuclear operations facilities by high 

efficiency particulate air (HEPA) filters. 

The air effluents are filtered first at 

the points of origin (i.e., gloveboxes) 

and then just prior to the release point 

(i.e., ·the stack) . The filtering system 

at the stack consists of two banks of 

.HEPA filters in series, each bank having 

a collection efficiency of 99.95%. 

Radionuclides are removed from liquid 

effluents, such as process wastes, by 

chemical processing. Solid radioactive 

wastes are packaged and shipped offsite 

for burial at approved burial sites. 

Wastes generated in the processing of 

explosive materials are collected and 

disposed of according to the Army Materiel 

Command Regulation 385-100. 

An onsite, sanitary waste treatment plant 

provides secondary treatment in accordance 

with u. s. Environmental Protection Agency 

(EPA) requirements [3], using an activated 

sludge process operating in the extended 

aeration mode. All domestic sewage gen

erated onsite is treated in this facility. 

The influent and effluent at the sewage 

treatment plant are also monitored for 

radioactivity to ensure no undetected 

release can occur to the environment via 

the sanitary sewage plant. The digested 

sludge from the sewage plant is shipped 

offsite for burial at an approved burial 

site. Nonradioactive solid wastes are 

• 
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disposed of according to a recycling and 

reclamation program whenever possible. 

White paper, scrap metal, and wood are 

sold for reclamation. General refuse 

was transported during 1980 to a sanitary 

landfill site approved by both the state 

and county. Waste solvents and chemicals 

are moved offsite by a commercial indus

trial-waste-disposal firm. 

Mound Facility's conformance to regula

tions prescribed by DOE for the safety 

of employes and the public has been 

demonstrated throughout the history of 

the facility. The fundamental objective 

of the Mound Facility Environmental 

Control Program, an on-going program 

since Mound began operations, is the 

containment of radioactive effluents to 

levels well within the existing standards. 

As part of this program, effluents are 

monitored and controlled at each operat

ing step, resulting in no more than low

level releases of airborne or liquid 

wastes to the environment. Because of 

early detection, control techniques can 

be implemented, thus ensuring that 

concentrations are well within existing 

standards and are as low as practicable. 

As part of the Mound Environmental Pro

gram monitoring functions, air, water, 

vegetat~on, foodstuff, and sediment 

samples are collected from the environ

ment at distances up to 45 km (28 mil 

from the Facility boundaries. These 

samples are then analyzed for the specific 

radionuclides handled at Mound. 

The results of the environmental analyses 

for CY-1980 are provided in this report. 

The primary purpose of the report is to 

detail what impact, if any, Mound Facility 

operations have had on the adjacent environ

ment in CY-1980. To meet this purpose, 

several calculational techniques used 

throughout this report should be described. 

The concentrations of various radionuclides 

reported in these pages which result from 

Hound Facility's operations are termed 

"incremental." The term "incremental" 

denotes that concentration value that ex

ceeds normal environmental levels of the 

same radionuclide. The environmental 

level is that level found in the environ

ment where Mound would have no impact. 

These environmental leve·ls are shown in 

Table 1. 

In order to determine concentrations of 

radionuclides found in the environment, 

the instrument background and reagent 

blanks were subtracted from the sample 

count. This value was then used in 

averages, as opposed to using the lower 

detection limit (LDL), which had been 

the practice in past years. 

For comparative purposes and for single 

sample evaluation, however, the lower 

detection limit (LDL) is shown for each 

set of data in this report. The LDL is 

the estimated standard deviation of the 

blanks at the 95% confidence level. 

The error estimates shown with each set 

of data are estimates of the standard 

error of the estimated mean at the 95% 

confidence level. These values include 

all sources of variability including 

sampling, analyses, counting statistics, 

and the propagated error involved when 

subtracting the environmental levels 

from the actual data. 

Introduction 
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Table 1 - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES IN VARIOUS MEDIA-----, 

I 
I 
I 

Plutonium-238 in a ira 0.02 0.07 10-17 ;JCi/ml 
I 

± X I 

Tritium oxide in a ira 0.2 ± 0.12 X 10-ll ~Ci/m1 I 
P1utonium-238 in river waterb 0.01 ± 0.02 X 10-10 

~Ci/m1 

Tritium in river waterb 0.82 ± 0.26 X 10-6 
~Ci/ml 

Plutonium-238 in surface waterc,e N.D. 

Tritium in surface waterc 0.61 ± 0.26 X 10-6 
~Ci/ml 

Plutonium-238 in well water d 0. 004'" ± 0.02 10-10 ~Ci/ml X 

Tritium in well water c 0. 92 ± 0.21 X 10-6 
~Ci/ml 

Uranium-233, 234 in river water b 7.1 ± 2.9 X 10-lO ~Ci/ml 

Uranium-238 in river waterb 6.8 ± 2.0 X 10-lO ~Ci/ml 

Plutonium-238 in river siltb 0.002 ± 0.007 X 10-6 
~Ci/g 

Plutonium-238 in surface water siltc 0.0002 ± 0.0005 X 10-6 
~Ci/g 

Tritium in grassd 0.13 ± 0.08 X 10-6 
~Ci/g • Tritium in tomatoesd 0.33 ± 0.24 X 10-6 
~Ci/g 

Plutonium in grassd 0.0009 ± 0.0007 X 10-6 
~Ci/g 

Plutonium in 
. d 

potatoes 0.0002 ± 0.0003 X 10-6 
~Ci/g 

Plutonium in fishd,e N.D. 

aMeasured at offsite sampler 119. 

bMeasured 20 mi upstream on Great Miami River. 

cMeasured 28 mi northwest of Mound Facility. 

dMeasured 30 mi west of Mound Facility. 

e(N.D.) Environmental level cannot be detected above reagent blanks . 

Introduction • 
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Summary 

The local environment surrounding Mound 

Facility was monitored primarily for tri

tium and plutonium-238. The results are 

reported for CY-1980. The environmental 

media analyzed included air, water, 

veqetation, foodstuffs, and sediment. 

The average concentrations of plutonium-

238 and tritium were within the applicable 

standards (adopted by the U.S. DOE) for 

radioactive species. 

Mound Facility initiated a program in 

1975 to bring Mound water wells and 

eight offsite wells into compliance with 

a proposed EPA standard for tritium in 

public drinking water. The new regula

tions reduced the federal standard for 

tritium by a factor of 50. Final stan

dards ~ere eventually promulgated for 

various parameters and became effective 

June 24, 1977. Mound's program has in

volved an extensive study of the local 

area's water source, the Buried Valley 

Aquifer, and high-volume pumping of 

water from the aquifer with replacement 

by induced infiltration of water from 

the Great Miami River. The overall 

effectiveness of the program has been 

significant. All wells have been brought 

into compliance, and periodic high-volume 

pumping of water is used to control the 

concentrations of tritium. 

Data concerning nonradioactive species in 

air and water are also presented and com

pared to federal, state, and local stan

dards where a?plicable. 

The average incremental concentrations 

of plutonium-238 and tritium oxide in 

air measured at all offsite locations 

during CY-1980 were 0.31 x 10- 17 ~C~/Ml 

and 3.3 x 10-ll ~Ci/ml, respectively . 

These correspond to 0.02% and 0.05% of 

their respective Radioactivity Concen

tration Guides (RCG). Details of the 

applicable standards are given in the 

Appendix. 

The averaqe incremental concentration of 

plutonium-238 measured at all locations in 

the Great Miami River during CY-1980 was 

0.04 x 10-lO ~Ci/ml which is 0.0002% of 

the RCG. The average concentration of 

tritium measured at all locations in the 

Great Miami River during CY-1980 was at 

the environmental level shown in Table l. 

Radionuclide effluent data for CY-1980 

are summarized in Table 2. 

~ Table 2 - EFFLUENT DATA FOR CY-1980 1 

Radionuclide Medium Quantity I 
I 
; 

air 3795 c· i Tritium l, 
I 

Tritium water 26.1 Cii 

Plutonium-238 air 0.015 mCi! 

Plutonium-238 water 0.77 mCi i 

Uranium-233, 234 water 0.65 mCi 1 

I 

The average incremental concentrations of 

plutonium-238 found during CY-1980 in 

surface and area drinking water were also 

a fraction of the DOE RCG. In addition, 

the average incremental concentration of 

tritium in surface water and the average 

concentration in area and municipal drink

ing water were a fraction of each respec

tive DOE ~CG and EPA standard. 

Although there are no specific standards 

(RCG) for plutoniurn-238 and tritium in 

foodstuffs, the concentrations found, if 

compared to the water standard, are also 

-------------------------------Summary 
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a small fraction of the RCG. No offsite 

soil sampling was conducted in CY-1980, 

since a soil inventory had been completed 

and reported for CY-1977. Sediment was 

sampled at several water sampling loca

tions, however. Radionuclide levels 

found in these sediment samples were not 

detrimental to the environment. 

The dose commitment estimates indicate 

that, in all cases, the levels are below 

1% of the DOE standard. The person-rem 

calculated to 80 km for the total popu

lation as a result of Mound operations 

during 1980 was 44 person-rem. Natural 

radiation would result in approximately 

320,000 person-rem for the area. 

Mound Facility has been granted a National 

Pollutant Discharge Elimination System 

Permit. Effluent stream analyses during 

1980 indicated that the suspended solids • 
and residual chlorine limitations were 

exceeded in less than 5% of the measure

ments. All other parameters were within 

permit limitations. All results indicate 

that Mound effluent streams have no signi

ficantly adverse effect on the Great Miami 

River and certainly do not cause Ohio stream 

standards to be exceeded. 

The data contained in this summary demon

strate t~e status of compliance with var

ious current regulatory agency standards 

and demonstrate Mound's emphasis on the 

as-low-as-practicable (ALAP) concept. 

• 

Summary----------------------------------------------------------- • 
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Environmental surveillance 

Quality assurance 

Although a quality assurance program for 

environmental analytical procedures has 

been in effect for several years, a 

Quality Control Manual was prepared dur

ing 1980. The manual outlines the quality 

control measures taken by the Environ

mental Assessment and Planning Section. 

The internal part of the program consists 

of using accurate standards, analyzing 

spiked samples, analyzing duplicates, 

analyzing blanks, etc. Analyzing blanks 

is essential to determine the existence 

of good analytical control and to deter

mine the absence of laboratory contamin

ation. These blank values are also used 

to calculate lower detection limits. 

The principal external part of the 

quality control program involves Mound's 

participation in DOE's Quality Assessment 

Program. This program is conducted by 

the Department of Energy's Environmental 

Measurements Laboratory (_EMLl , which pre

pares "reference" samples for analysis by 

DOE laboratories throughout the country. 

Beginn~ng with the last quarter of 1976 

and through the last quarter of 1979, a 

set of reference samples was made avail

able each quarter: the reference samples 

contained radioisotopes of known concen

trations. Beginning in 1980 the samples 

were made available only twice a year; 

the samples now, however, contain both 

radioactive and nonradioactive constitu

ents of known concentration. 

Mound receives the samples as unknowns, 

analyzes the samples, and sends the 

results to EML. Mound receives a computer 

printout of its own results, EML's reference 

concentrations, and the results of other 

participating laboratories within 5 or 6 

weeks. Results of significance to the 

environmental monitoring program at Mound 

are summarized in Tables 3 and 4. Table 

3 gives data for radioactive parameters, 

Table 4 for nonradioactive parameters. 

The ratio of the concentration determined 

by Mound to the concentration determined 

by EML is given in the last column of 

Tables 3 and 4. If Mound's experimental 

errors and EML's errors are taken into 

consideration, then a "Mound to EML" con

centration ratio between 0.80 and 1.20 is 

generally acceptable. 

In Table 3, the ratio of 1.32 for plutonium-

238 in soil is acceptable, since at the 

low level (0.0038 pCi/g) even EML's error 

was reported as 8%; Mound's was 20%. It 

was also observed here that the ratio of 

Mound's value to the average value of 

eight laboratories that analyzed the same 

sample was 1.04. In Table 4, the Mound 

to EML ratios were unexpectedly high for 

zinc and magnesium. Before seeing the 

reference values reported by EML, Mound's 

concentrations for zinc and magnesium were 

recalculated using a different interpre

tation of the atomic absorption standards 

data. The new zinc and magnesium concen

trations were 2.2 and 4.8 ug/ml. respectively, 

giving Mound to EML ratios of 1.07 and 0.96. 

In summary, the good results obtained by 

Mound in the DOE Quality Asse~sment Pro

gram indicate good reliability of the data 

generated in the routine environmental 

monitoring program at Mound. 

Quality Assurance 
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Table 3 -MOUND FACILITY DOE QUALITY ASSESSMENT· 
PROGRAM RESULTS FOR 1980 - RADIOACTIVE 

Sample Sample Isotope Concentration~ Concentration Ratio 
T::t:I~e No. Determined Mound EML Motmd to EML 

Air 8004 U-234 1. 60 1. 58 1. 01 
U-238 1. 66 1. 58 1. 05 

Air 8010 Pu-239 1. 95 2.46 0.79 
Pu-239 2.21 2.46 0.90 

Water 8004 H-3 9.77 10 . .3 0.95 
H-3 11.0 10.3 1.07 

Water 8010 H-3 13.8 14.9 0.93 

Water 8004 Pu-238 0.0079 0.0083 0.95 
Am-241 0.0070 0.0079 0.89 

U-234 0.0096 0.0100 0.96 
U-238 0.0097 0.0100 0.97 

Water 8010 Pu-239 0.0050 0.00577 0.87 

Soil 8010 Th-238 0.632 0.660 0.97 
Pu-238 0.0050 0.0038 l.32c 
Pu-239 0.097 0.090 l. 08 

Veg.etation 8004 Pu-239 0.111 0.117 0.95 
Pu-239 0.114 0.117 0.97 

aAir concentrations are pCi/filter; water concentrations are pCi/ml and 
soil and vegetation are pCi/g. 

bEnvironmental Measurements Laboratory. 

cThe ratio of Mound's value to the average value of eight laboratories 
was 1.04. 

Quality Assurance --------------------------
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Table 4 - MOUND FACILITY DOE QUALITY ASSESSMENT 
PROGRAM RESULTS FOR 1980 - NONRADIOACTIVE WATER 

Concentration 

Sample Trace (lJg/ml) 
Concentration Ratio 

No. Constituent Mound EMLa Mound to EML 

8004 Cu 1. 28 1. 20 1. 07 
Zn 1. 26 1. 20 1. OS 
Mg 1. 87 2.00 0.93 

N03 18.2 20.0 0.91 
Cl- 4.7 4.2 1.12 

8010 Cu 2.1 2.05 1. 02 
Mn 2.1 2.05 1. 02 
Pb 2.0 2.05 o. 9a· 
Zn 2.4 2.05 1.17 
Mg 6.30 4.99 1.26 
NOj 24.9 25.5 0.98 
Cl- 16.0 16.4 0.98 

aEnvironrnental Measurements Laboratory 

Air - Radioactive 

The offsite air-sampling network used 

during CY-1980 consisted of 15 continu

ously operating air-sampling stations, 

used for sampling both tritium oxide and 

plutonium. Ten sampling stations are 

located within a 1.6 km (1 mil radius of 

Mound Facility, and four samplers are 

located in or near population centers. 

The remaining sampler (#119) is approxi

mately 44.8 km (28 mi) from Mound in the 

least prevailing wind direction. This 

sampler receives no measurable contribu

tion from Mound operations and serves as 

a baseline sample for computing environ

mental levels. The levels from sampler 

#119 are subtracted from levels detected 

at other locations. The samplers 

currently in operation are located at 

critical distances and directions, based 

on a diffusion model developed for Mound 

Facility. The locations of the sampling 

stations are shown in Figure 1. 

Two types of samples are collected at 

each sampling station. One is a particu

late air sample for plutonium-238 analysis, 

and the other, from a bubbler type sampler, 

is for tritium oxide analysis. The parti

culate sample is collected on a 200-mm 

diameter Microsorban disk by a continu

ously operating (24 hr/day, 7 days/week) 

high-volume air sampler. The air is 

sampled at an average rate of 1.3 x 10
6 

cm3/min (~ 45 ft 3/min). The Microsorban 

disk is changed weekly, and represents a 

sample of approximately 13,000 m
3 

of air. 

-----------------------------Air-Radioactive 
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Plutoniurn-238 analyses were performed on 

a monthly composite for three sampling 

locations, #122, #123, and #124, and on 

quarterly composites for the other off

site locations. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: 

addition of a known amount of plutonium-

242 tracer, ignition to 600°C, leaching 

with nitric acid, separation of plutonium 

with anion exchange resin, electrodeposi

tion of plutonium, and, finally, alpha 

spectrometry-. 

The average incremental offsite plutonium-

238 air concentration for all locations 

was 0.31 x l0-17 ~Ci/ml which is 0.02% 

of the DOE RCG. The RCG used for com

parison is the guide for the soluble 

form of the isotope and for the general 

population. This is the most restrictive 

RCG for plutonium-238 and is applied 

since the solubility of the measured 

particles in the human body is unknown. 

The analytical results are summarized in 

Table 5. 

Table 6 shows concentrations of plutonium-

239, plutonium-240, and plutonium-238, 

including environmental levels, so that 

a ratio comparison between these radio

nuclides can be made. Ratios greater 

than that observed at location #119 

(~0.1) result from a concentration of 

plutonium-238 in excess of that from 

atmospheric fallout and are indicative 

of the influence of Mound operations. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at 

Air· Radioactive 

approximately 3 x 10
3 

cm3/min through 200 

ml of ethylene glycol. Ethylene glycol 

is used because this material eliminates 

evaporation and freezing problems associ

ated with sample collection [4]. ~~itium 

(oxide) in the air is collected in the 

solution. Tritium oxide rather than 

elemental tritium is sampled and analyzed 

because the RCG for the oxide is 200 times 

more restrictive than it is for elemental 

tritium [5]. A sample representing 'v30 m3 

of air is collected, and an aliquot repre

senting 1.5 m3 is counted in a liquid 

scintillation spectrometer. The average 

incremental concentration of tritium oxide 

measured during 1980 for all offsite loca

tions, not including the environmental 

level found at sampler #119, was 3.3 x 

10-ll ~Ci/ml. This concentration is 0.05% 

of the RCG. The RCG used for comparison 

is the most restrictive RCG for tritium 

for the general population. The results 

are summarized in Table 7. Table 1 shows 

environmental levels for plutonium-238 

and tritium in air as measured at sampler 

#119. 

An onsite perimeter network consisting of 

five continuous, high-volume air samplers 

• 

• 
is used to further assess the effectiveness 

of stack emission control systems. The 

onsite sampling locations are shown in 

Figure 4. Particulate samples and tritium 

samples are collected by the onsite samplers 

at approximately the same flow rate as the 

offsite samplers and are analyzed in the 

same manner. 

The average incremental plutonium-238 con

centration measured for all locations on

site is 2.3 x l0-17 ~Ci/ml which is 0.03% 

• 



• 

• 

• 

.--------Table 5 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 -------, 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1980 

Number Ranged Averagea,c,d,e Percent of 
Location Sam:2les (lo-17 ~Ci/ml) (10-l7 JJCi/ml) of RCGb 

101 4 0.07 0.3 0.2 ± 0.17 0.01 
102 4 0.24 1.5 0.67 ± 0.11 0.03 
103 4 0.31 - 1.1 0.54 ± 0.64 0.03 
104 4 0.1 - 0.52 0.23 ± 0.32 0.01 
105 4 E.L. - 0.18 0.06 ± 0.15 0.003 
108 4 E.L. - 0.06 0.02 ± 0.08 0.001 
llO 4 E.L. - 0.19 0.05 ± 0.17 0.003 
111 4 0.06 - 0.14 0.1 ± 0.09 0.005 
112 4 E.L. 0.10 0.04 ± 0.1 0.002 
115 4 E.L. - 0.18 0.04 ± 0.17 0.002 
118 4 0.05 - 0.13 0.09 ± 0.09 0.005 
122 12 E.L. - 0.7 0.26 ± 0.16 0.01 
123 12 0.06 - 7.8 1.4 ± 1.3 0.07 
124 12 E.L. - 2 0.64 ± 0.34 0.03 

aLower Detection Limit (LDL) for 238Pu in air for quarterly 
samples is 0.02 x 10-17 JJCi/ml. This is 0.001% of the RCG. 

bRadioactivity Concentration Guide (RCG) -17 = 2000 x 10 JJCi/ml 
for the soluble form of 238pu for the general population. 

cError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

eLower Detection Limit (LDL) for 238pu in air for monthly 
samples is 0.16 x lo-17 JJCi/ml. This is 0.008% of the RCG . 

Air-Radioactive 

15 



,-----Table 6 - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENTAL-------, 
LEVELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1980 

239,240Pu 

Number a a b of Range Average ' Average • 
Location Samples (lo-17 ~Ci/ml) (l0-17 ~Ci/ml) (lo- 17 ~Ci/ml) 238Pu; 239 •240Pu 

101 
102 
103 
104 
105 
108 
110 
111 
112 
115 
118 
119 
122 
123 
124 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

12 
12 
12 

0.19 l.l 
0.32 - 0.84 
0.22 - 0.86 
0.28 - 0.81 
0.25 - 0.83 
0.25 - 0.95 
0.25 - 0.83 
0.21 - 1 
0.26- 0.74 

0.2 0.79 
0.2 - 0.98 
0.22 - 0.61 
0.09 - 0.82 
0.19 - 1 
0.18 - l. 3 

0.55 ± 0.41 
0.48 ± 0.25 
0.49 ± 0.26 
0.47 ± 0.23 
0.49 ± 0.26 
0.51 ± 0.31 
0.51 ± 0.25 
0.51 ± 0.37 
0.42 ± 0.22 
0.42 ± 0.26 

0.48 ± 0.34 
0.34 ± 0.18 
0.33 ± 0.22 
0.44 ± 0.28 
0.45 ± 0.3 

0.22 ± 0.15 
0.69 ± 0.89 
0.56 ± 0.63 
0.25 ± 0.31 
0,.09 ± 0.14 
0.04 ± 0.05 
0.07 ± 0.16 
0.12 ± 0.06 
0.06 ± 0.07 
0.06 ± 0.15 
0.12 ± 0.06 

0.07 0.02 ± 

0.28 ± 0.14 
± 1.3 1.4 

0.66 ± 0.33 

0.4 
1.5 
l.l 
0.53 

.. 0.17 
0.09 
0.14 
0.24 
0.15 
0.15 
0.24 
0.07 
0.86 
3.3 
1.5 

aLower Detection Limit (LDL) for 239 •240Pu in air for samplers 101 
through 119 is 0.01 x l0-17 ~Ci/ml, and the LDL for samplers 122 
through 124 is 0.03 x l0-17 ~Ci/ml. The LDL for Z3 8Pu is 0.02 x 
lo-17 ~Ci/ml for samplers 101 through 119 and 0.16 x lo-17 ~Ci/ml 
for samplers 122 through 124. 

bError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 
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Location 

101 

::.02 

103 
!04 

lOS 
108 

110 

111 

112 

115 

118 

122 

123 

124 

a Lower 
1o·ll 

Table 7 - INCREMENTAL CO~CENTRATIONS OF TRITIUM -----------------
OXIDE IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1980 

Tritium Oxide 
Number Ranged Averagea,c,d Percent 

of 
Samples (10- 11 llCi/ml) (10-11 llCi/ml) of RCGb 

47 ·E.L. 46.9 4.96 ± 2.13 0.07 

49 0.23 - 163 13.7 ± 8.75 0.2 

49 E.L. 58.8 6.66 :t 3.63 0.1 

49 E.L. 8.44 1.4 :: 0.49 0.02 

49 E.L. - 2.91 0.54 :t 0.30 0.008 

47 E.L. - 13.2 0.6 :t 0.63 0.009 

47 E.L. - 2.25 0.18 :t 0.25 0.003 

49 E.L. - 1.15 0.01 :t 0.22 0.0001 

50 E.L. - 4.38 .. 0. 71 :t 0.38 0.01 

45 E.L. - 0.75 E.L. 

47 E.L. - 6.25 0.86 :t 0.4 0.01 

52 E.L. - 66.7 4.21 ± 2:65 0.06 

47 E.L. 18.4 4.53 ± 1.48 0.06 

51 E.L. - 57 7.6 ± 3.48 0.1 

Detection Limit (LDL) for tr~t~um oxide in air is 0.3 X 

llCi/ml which is 0.004% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 X 10-11 llCi/ml 
for the general population and for soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental" level (E.L.) subtracted from data. 

of t:1e RCG. The results are summarized 

in Table 8. Table 9 presents onsite 

co~centrations of plutonium-239, plutonium-

240, and plutonium-238, including environ

mental levels, so that a ratio comparison 

between these radionuclides can be made. 

was 16.8 x 10-ll UCi/ml which is 0.08% of 

the RCG. The results are summarized in 

Table 10. 

The average incremental onsite tritium 

ox~de concentration for all locations 

The RCGs used for onsite comparisons are 

those applicable for exposed individuals 

in the population. The total amounts of 

plutonium-238 and tritium discharged to 

the atmosphere were 0.015 mCi and 3795 Ci, 

respectively . 

Air-Radioactive 
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-----Table 8 - INCREMENTAL CONCENTRATION OF 238Pu ~--------
IN AIR AT ONSlTE SANPLING LOCATIONS IN 1980 

Number Ranged Averagea,c.d Percent of 
Location Sam:eles (10-17 uCi/ml) (10-17 ;.:Ci/ml) of RCG 

211 12 0.64 - 16 3.8 ± 3.3 
212 12 0.31 2.6 0.88 ± 0.41 
213 12 1.5 2.1 5.8 ± 3.7 
214 12 0.21 1.2 0.66 ± 0.21 
215 12 0.05 - 2.5 0.55 ± 0.43 

aLower Detection Limit (LDL) for 238Pu in air is 0.16 x l0- 17 

PCi/ml which is 0.002% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 70.00 x 10-17 lJCi/ml 
for the soluble form of plutonium-238 for individuals in the 
?opulation. 

0.05 
0.01 
0.08 
0.009 
0.008 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data . 

Table 9 - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN 1980 

239,240Pu 238Pu 
Number a b Ratio 

b 

Range Averagea,b of Average ' 
Location Sam:eles (10 -l7 lJCi/ml) (l0- 17 lJCi/ml) (10 -l7 lJCi/ml) 238Pu/239,240Pu 

'" ' .:.l. ... 12 0.12 1.2 0.43 ± 0.29 3.8 ± 3.3 8.9 

212 12 0.13 - 0.93 0.4 ... 0.23 0.91 ± 0.41 2.3 

zn 12 0.18 - 1. 2 0.49 ± 0.29 5.9 ± 3.7 12 

214 12 0.13 0. 77 0.31 ± 0.19 0.69 ± 0.19 2.2 

215 12 0.12 - 0.91 0.37 ± 0.24 0.57 ± 0.42 1.5 

aLower Detection Limit (LDL) for 239 •240Pu in air is 0.03 x l0- 17 lJCi/ml. 
The ~L for 238pu is 0.16 x lo-17 lJCi/ml. 

bError limits are estimates of the standard error of the estimated means 
at the 95% confidence level . 

---------------------------Air-Radioactive 
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Table 10 - INCREMENTAL CONCENTRATION OF TRITIUM 
OXIDE IN AIR AT ONSITE SAMPLING LOCATIONS IN 1980 

Tritium Oxide 
Number Range d Averagea,c,d Percent of 

Location Samples (10- 11 11Ci/ml) (10- 11 J.lCi/ml) of RCGb 

211 51 E.L. - 101 8.88 ± 4.35 0.04 
212 49 0.41 - 509 41.3 ± 30.3 0.21 
213 47 0.2 - 187 21.5 ; 13.7 0.11 
214 47 0.26 - 68.5 8.58 ± 3.68 0.04 
215 46 E.L. - 28 3.9 ± 1. 57 0.02 

aLower Detection Limit (LDL) for tritium oxide in air is 0.3 x 
10-11 J.lCi/ml which is 0.0015% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 20,000 x l0-11 J.lCi/ml 
for individuals in the population and soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at ~he 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

Air - Nonradioactive 

The Mound steam power plant is normally 

fueled with natural gas but has the 

capability to burn fuel oil. During un

usually cold weather, if the natural gas 

supply to Mound is interrupted, fuel oil 

with ~1% sulfur content is burned. No 

fuel oil was burned during 1980. 

Additional sources of airborne emissions 

are as follows. A waterwash, paint spray 

booth is operated intermittently in the 

Mound paint shop. Wastes from operations 

involving explosives are disposed of by 

open burning under a permit issued by the 

Regional Air Pollution Control Agency 

(RAPCA) . A fire-test facility for quali

fying containers for shipping radioactive 

wastes was used only once during 1980. 

A maintenance grinding operation and a 

carpenter shop also operated on an inter

mittent basis. Fire-fighter training 

exercises are held at an open outdoor 

facility under a burning permit issued 

by RAPCA. 

Emissions from sources registered with 

the Regional Air Pollution Control Agency 

(RAPCA) and the Ohio EPA for which appli

cable emission standards exist are sum

marized in Table 11. The emissions were 

estimated from emission factors established 

by the u. s. EPA or from material balances 

[6) . The emission from the shipping-con-

.tainer fire-test facility is controlled 

with a forced air sup~ly and water spray 

nozzles at the fuel-flame interface to an 

• 

• 
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------Table 11 - NONRADIOACTIVE AIRBORNE EMISSIONS 1980----------, 

Emission % of 
Source Pollutant Emission ~~!~~!~~a Standard 

Power House Particulates 0.01 lb/106 Btu 0.20 lb/106 Btu 6 
Input Input 

Power House Sulfur Oxides 0.0006 lb/10 6 Btu 1. 6 lb/106 Btu 0.04 
Input Input 

Paint Shop Organics 0.29 lb/day 40 lb/day 0.7 

Explosives Particulates 12 lb NA NA 
Burning 

Fire Fighter Particulates 80 lb NA NA 
Training 

aOhio EPA Air Pollution Regulations 3745-17-01 through 3745-17-13 
and 3745-21-01 through 3745-21-08. 

NA - not applicable. 

average equivalent opacity of <20%. The 

particulates from the grinding and car~ 

penter shop operations are captured by 

cyclone air cleaners rated at 95% effi

ciency. Nonradioactive airborne emissions 

at Mound Facility were all within appli

cable standards and had minimal impact 

on ambient air quality. This is further 

demonstrated by the particulate concen

tration data summarized in Tables 12 and 

13. The data presented are weekly parti

culate concentrations measured at Mound's 

offsite and onsite air-sampling sites. 

The particulate concentration at onsite 
locations is somewhat lower than at off

site locations. The particulate concen

tration also appears to be independent 

of distance from Mound. This would 

suggest no influence from Mound operations. 

For comparison purposes, the State of Ohio 

- Ambient Quality Standard for airborne 

particulates is also given in Table 12. 

Water · Radioactive 

Water sampling locations along the bank 

of the Great Miami River were selected 

according to guidelines recommended by 

the U.S. EPA (7]. The locations, shown 

in Figure 5, provide samples which are 

representative of river water after suit

able mixing of the effluent from Mound 
has occurred. Water samples are normally 

collected and filtered in the field at 
these locations five days per week, and 

are subjected to specific analyses for 

plutonium-238 and tritium. 

The plutonium-238 river water analyses 
have been improved by a procedure developed 

at Mound Facility to maximize the sensi
tivity of detection of plutonium-238 in 

water. Large-volume water samples are 
analyzed by compositing daily samples for 

a quarterly analysis. The average 

Air·NonradioactivejW ater· Radioactive 
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Table 12 - 1980 WEEKLY PARTICULATE 
CONCENTRATION DATA OFFSITEa 

Number Range Average of 
Location Samples (llg/m3) (1-1g/m3) b 

101 49 9 - 210 99 ± 11 
102 52 15 - 292 94 ± 13 
103 52 12 - 214 79 ± 10 
104 52 33 - 345 105 ± 14 
105 52 31 - 178 82 ± 7 
108 52 40 - 299 115 ± 11 
110 52 29 - 213 78 ± 9 
111 52 52 - 352 138 ± 18 
112 52 33 - 232 96 ± 12 
115 52 21 - 31)2 87 ± 12 
118 52 14 - 278 95 ± 13 
119 48 6 - 127 65 ± 8 
122 51 17 - 326 71 ± 14 
123 49 19 - 148 92 ± 9 
124 49 8 - 329 89 ± 16 

aOhio Ambient Air Quality Standard= 60 1-1g/m3 . 

bError limits are estimates of the standard error 
of the estimated means at the 95% confidence level. 

These data are obtained by the Mound air monitoring 
program and are indicative only of the particulate 
air loading of the Dayton metropolitan area. Mound 
particulate discharges presented in Table 11 make a 
negligible contribution to the surrounding area. In 
addition, Table 13 presents onsite particulate data. 

Table 13 - 1980 WEEKLY PARTICULATE CONCENTRATION DATA ONSITE 

Number Range Avera~e of 
Location SamJ2les (1Jg/m3) ~!:!g/m ) a 

211 52 22 - 197 87 ± 7 

212 51 . 18 - 373 84 ± 15 

213 52 31 137 84 ± 6 

214 52 37 - 122 64 ± 5 

215 50 32 - 229 71 ± 8 

aError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 
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incremental concentration of plutonium-

238 measured for all locations in the 

Great Miami River was 0.04 x 10-lO ~Ci/ml 

which is 0.0002% of the RCG for the gen

eral population, the most restrictive 

standard for plutonium-238. These re

sults are summarized in Table 14. 

Weekly samples are analyzed for tritium. 

The average incremental concentration of 

tritium measured at all locations in the 

Great Miami River was at the environmental 

level shown in Table l. These results are 

summarized in Table 15. 

The total amounts of plutonium-238, 

tritium, and uranium-233, ~34 discharged 

to the Great Miami River were 0.77 mCi, 

26.1 Ci, and 0.65 mCi, respectively. 

These concentrations were 0.02%, 1.2% and 

0.003% of the most restrictive RCG for 

individuals in the population. It should 

be noted that a drainage control system 

consisting of retention basins and an 

overflow pond was placed in operation dur

ing 1979 in order to reduce plutonium 

levels in plant effluents. The system 

reduced the quantity of plutonium-238 

discharged in 1980 by approximately 80% 

as compared to 1978. 

Uranium-233, 234, and 238 were also moni

tored at the river water sampling locations 

during CY-1980. The average incremental 

concentrations of uranium-233, 234, and 

uranium-238 were 0.0005% and 0.00007%, 

respectively, of the RCG. In addition, 

as shown in Table 16, the ratio of uranium-

233, 234 to uranium-238 is slightly 

greater than unity, which is in range of 

background ratios reported [B]. This is 

expected as a result of secular equili

brium. 
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Eight additional surface water locations, 

such as ponds, in all quadrants surround

ing Mound Facility as -shown in Figure 5 

are sampled quarterly. These samples, 
• 

used for plutonium-238 determination, are 

also large volume water samples. The 

large volume of sample increases the 

sensitivity of the analysis for plutonium. 

A smaller aliquot (10 ml) was taken which 

was adequate for the tritium analysis. 

The average concentrations of plutonium-

238 and tritium for all locations were 

0.01 x 10-lO ~Ci/ml and 0.2 x 10-6 ~Ci/ml, 

respectively, which are 0.00005% and 0.02% 

of the respective RCG for the general 

population. The results of the surface 

water samples are summarized in Tables 17 

and 18. Environmental levels (Table l) 

have been subtracted from the concentration 

of plutonium and tritium in water. 

During 1980, Mound continued a previously 

reported program for reducing the concen

tration of tritium in the local area of 

the Buried Valley Aquifer adjacent to the 

Facility site in order to comply with new 

EPA Interim Primary Drinking Water Regula

tions which became effective in June 1977 

for public water systems. The background 

level of tritium in the aquifer had been 

increased by past tritium operations at 

Mound. In response to this situation, 

releasing tritium process liquid effluents 

to the environment was discontinued a 

• 

number of years ago. The reduction of 

tritium in the aquifer has since been 

achieved by forced water turnover, involv

ing high-volume pumping of two high-capacity 

wells and induced infiltration of water 

from the Great Miami River. 

• 
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Table 14 - INCREMENTAL CONCE~7RATION OF 
23Bpu IN THE GREAT MIAMI RIVER IN 1980 

238Pu 
Number Range d Average b d e Percent 

Location 
of a 

(lo- 10 JJCi/ml) (lo- 10 uCi/ml) of RCGc SamEles 

l 4 0.006 - 0.13 0.06 :!: 0.09 0.0003 

2 4 E.L. - 0.04 0.01 ± 0.05 0.00005 

3 4 E.L. 0.05 0.01 :!: 0.05 0.00005 

4 4 0.07 - 0.12 0.09 :!: 0.04 0.0005 

5 4 E.L. - 0.02 0.005 ± 0.03 0.00003 

aComposite large volume water samples for each location from water 
collected during CY-1980. 

bLower Detection Limit (LDL) for 238Pu in water is 0.008 x 10-lO 
JJCi/ml which is 0.00004% of the RCG. 

cRadioactivity Concentration Guide (RCG) = 20,000 x 10-lO JJCi/ml 
for the general population and the soluble form of plutonium-238. 

dAverage environmental level (E.L.) subtracted from data. 

eError limits are estimates of the standard error of the estimated 
means at the 95% confidence level . 

,---------Table 15 - INCREMENTAL CONCENTRATION OF-------------,
TRITIUM IN THE GREAT MIAMI RIVER IN 1980 

Tritium 
Number Range d Averagea,c,d Percent of 

Location Samples (l0-6 JJCi/ml) (l0- 6 JJCi/ml) of 

l 47 E.L. - 0.78 E.L. 
2 47 E.L. - 0.88 E.L. 
3 47 E.L. - 0.98 E.L. 
4 47 E.L. - 1.3 E.L. 
5 47 E.L. 0.98 E.L. 

aLower Detection Limit (LDL) for tr~t~um in water is 0.5 x 10-6 
~Ci/ml which is 0.05% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared 

RCGb 

to tritium concentration in water not used for drinking purposes 
= 1000 x lQ-6 JJCi/ml for the general population and the soluble 
form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data . 
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Table 16 - INCREMENTAL CONCENTRATION OF 233 •234u AND 238u IN THE GREAT MIAMI RIVER II' 1980 

233,2340 2380 
Number Range e Averagea,b,c,e Percent Rangee Averaaea,b,c,e Percent Ratiod 

of a 
Location Saml!les ~10-lO IJCi{ml) (lo- 10 IJCi{ml) of RCGf,g (10-lO IJCi{ml) (10-l IJCi{ml) of RCGf ,g 233,2340{2380 

1 4 0.6 - 1.7 1.3 :!: 3.0 0.001 0.3 - 1.5 0.9 ± 2.2 0.0002 1.1 
2 4 E.L. - 0.6 0.1 ! 3.0 0.0001 E.L. E.L. 1.2 
3 4 0.1 - 0.8 0.3 :!: 3.0 0.0003 E.L. - 0.6 E.L. 1.1 
4 4 E.L. - 1.4 0.6 ± 3.1 0.0006 E.L. - 2.3 0.5 1 3.1 0.0001 1.1 
5 4 E.L. - 1.5 0.06 ± 3.3 0.00006 E.L. - 1.2 E.L. 1.1 

8 Composite large volume water samples for each location. 

bLower Detection Limit (LDL) for 233 •234u and 238u in water is 0.24 x 10-lO IJCi/ml and 0.22 x 10-lO IJCi/ml, 
respectively. 

cError limits are estimates of the standard error of the estimated means at the 95% confidence level. 

dA ratio slightly greater than unity indicates naturally occurring uranium [10]. Does not have 
environmental levels subtracted. 

eAverage environmental level (E.L.) subtracted from data. 

fDOE Concentration Guide (RCG) for 233 •234u = 100,000 x lo- 10 IJCi/ml forth~ general population. 

gDOE Concentration Guide (RCG) for 238u = 400,000 x 10-lO J.~Ci/ml for the general population . 
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i--Table 17 - CONCENTRATION OF PLUTONIUM-233 IN SURFACE WATER IN 1980 

! 

2J8p 
~u 

Number Range d Averageb,d,e Percent 
of 

Location SamEles 
a (1 0 -10 t:Ci/ml) (10-10 11Ci/ml) of RCGc 

10 4 N.D. - 0.01 0.001 :: 0.02 0.000005 

11 4 N.D. - 0.02 0.002 :: 0.03 0.00001 

12 4 N.D. - 0.008 N.D. 

l3 4 N.D. - 0.04 0.009 ± 0.03 0.00005 

14 4 0.002 0.01 0.005 . 0.006 0.00003 

15 4 ~LD. - 0.008 0.004 ± 0.008 0.00002 

16 3 N.D. - 0.01 0.007 :: 0.01 0.00004 

17 4 0.01 - 0.13 0.07 ± 0.08 ··o.ooo4 

aComposite large volume water samples were used for each location. 

bLower Detection Limit (LDL) for 238 Pu in water is 0.008 x 10-lO 
11Ci/ml which is 0.00004% of the RCG. 

cRadioactivity Concentration Guide (RCG) for 238 Pu in water = 
20,000 x lo-10 ~Ci/ml for the general population and soluble form 
of plutonium-238 . 

dEnvironmental level could not be detected, values presented 
represent actual measurements above reagent blank levels. 

eError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

The EPA drin~ing water regulations, pro

mulgated in July 1976, reduced the fed

eral standard for tritium by a factor of 

50. ~his great reduction resulted in 

Mound's three wells and eight offsite 

wells being out of compliance. Mound's 

?Umping program to remove the tritiated 
I 

water from the aquifer brought Mound's 

three wells into compliance with the new 

tritium standard in September 1977, and 

five of the affected offsite public wells 

in Ar-ril 1978. A study was initiated in 

February 1978 to determine how long the 

wells would remain in compliance without 

high-volume pumping. By June 1978, several 

offsite wells decreased in tritium concen

tration, but Mound wells had increased. 

High-volume pumping was resumed in June 

1978, but by June 1979 some offsite wells 

were still out of compliance by 1 to 6 

nCi/1. Continuous pumping of the offsite 

wells for two-month periods was effective 

in lowering the tritium concentrations, 

and by December 1980 all wells were in 

compliance with the EPA standard. The 

average concentration of tritium in all 

eight affected offsite wells during 1980 

was 11 x 10-6 ~Ci/ml or 45% below the EPA 

Water-Radioactive 
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Table 18 - INCREMENTAL CONCENTRATION OF -, 
TRITIUM IN SURFACE WATER IN 1980 I 

I 

Tritium I 
Number Ranged I 

Percent I Averagea,b,d 
of 

(10-6 llCi/ml) (10- 6 \.!Ci/ml) 
I 

Location Sam:eles of RCGc I 
I 
i 

10 12 E.L. - 0.89 E.L. I 
I 

11 12 E.L. - 0.89 E.L. 

I 12 12 E.L. - 0.69 0.01 ± 0.39 0.001 
13 12 E.L. - 0.89 0.4 ± 0.43 0.04 I 
14 12 E.L. - 1.7 0.32 ± 0.45 0.03 
15 13 E.L. - 1.1 0.23 ± 0.42 0.02 
16 13 E.L. - 1.2 0.15 ± 0.43 0.02 
17 12 E.L. - 1.3 0.49 ± 0.47 0.05 

aLower Detection Limit (LDL) for tritium in water is 0.2 x 10-6 
\.!Ci/ml which is 0.02% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared to 
tritium concentration in water not used for drinking purposes = 
1000 x lo-6 llCi/ml for the general population and soluble form 
of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

standard. Periodic pumping of the aquifer 

will be continued to maintain the wells 

in compliance until continuing studies in

dicate that the program can be terminated. 

Additional details concerning this program 

have been reported by Styron and Meyer [9]. 

Analysis results on the private wells are 

summarized in Table 19. 

Drinking water from communities in the 

surrounding area is sampled and analyzed 

quarterly for tritium. These communities 

and their relative locations are shown in 

Figure 1. The average concentration of 

tritium for all locations was 0.7 x 10-6 

\.!Ci/ml which is 4% of the standard adopted 

by the u. S. EPA in 1977 for community 

drinking water systems. Data from the 

analyses of community drinking water 

samples are summarized in Table 20. The 

environmental level in Table 1 for tritium 

in water is not subtracted from these data. 

Four private wells and Miamisburg city 

water were sampled and analyzed quarterly 

for plutonium-238. These sample~ were 

also large volume water samples. The 

average incremental plutonium-238 concen

tration for these locations was 0.005 x 
10-lO llCi/ml which is 0.00003% of the 

applicable DOE RCG for the general popu

lation. These results are shown in Table 

21. 

• 

• 
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Table 19 - TRITIUM IN PRIVATE WELLS IN 1980 

Tritium 
Number Rangee Averagea,b,d,e Percent of 

Location Sam:Eles (10- 6 !JCi/ml) (10- 6 !JCi/ml) Standardc 

B-1 53 5.4 - 25 18 ± 1.3 
B-2 13 9.6 - 13 11 ± 0.59 
B-3 13 9.1 - 13 10 ± 0.65 
J-1 12 5.9 - 13 -9 ± 1.2 
B-R 52 12 - 19 16 ± 0.49 

aAll wells are now in compliance with the new EPA standard of 
20 x 10-6 !JCi/ml. 

bLower Detection Limit (LDL) for tritium in water is 0.5 x 10-6 
lJCi/ml which is 2.5% of the EPA Standard. 

90 
55 
50 
45 
80 

cEPA Standard for tritium in community drinking water systems 
= 20 x 10-6 tJCi/ml. Mound is using the EPA Standard as a guide 
for the private water supplies. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

eEnvironmental level is included in these data for comparison to 
the EPA Standard. 
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Table 20 - SUMMARY OF TRITIUM LEVELS IN 
COMMUNITY DRINKING WATER IN 1980 

Tritium 
Number Ranged Averagea,c,d Percent of 

Locations Samples (10- 6 ]..ICi/ml) ~lo- 6 ]..ICi/ml) Standardb 

Bellbrook 4 0.2 - 0.6 0.4 ± 0.3 2.0 
Centerville 4 0.3 - 0.7 0.4 ± 0.3 2.0 
Dayton 4 0.3 - 0.9 0.5 ± 0.4 2.5 
Franklin 4 0.3 - 0.9 0.6 ± 0.4 3.0 
Germantown 4 0.3 - 0.7 0.5 ± 0.3 2.5 
Kettering 3 0.4 - 0.9 0.6 ± 0.6 3.0 
Miamisburg 4 1.1 - 2.2 1.7 ± 0.7 8.5 
Middletown 4 0.3 - 1.0 0.5 ± 0.5 2.5 
Moraine 4 0.4 - 0.8 0.6 ± 0.3 3.0 
Springboro 4 0.4 - 1.0 0.7 ± 0.4 3.5 
Waynesville 4 0.3 - 0.9 0.5 ± 0.5 2.5 
West Carrollton 4 1.1 - 1.5 1.2 ± 0.3 6.0 

aLower Detection Limit (LDL) for tritium oxide is 0.3 x 10-6 ]..ICi/ml which 
is 1.5% of the EPA Standard for community drinking water. 

bEPA Drinking Water Standard for tritium = 20 x 10-6 ]..ICi/ml for community 
drinking water systems. 

cError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

dEnvironmental level is included in these data for comparison to the EPA 
Standard. 
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r----Table 21 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN PRIVATE---
WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1980 

238Pu 
Number Rangee Averageb,d,e Percent 

Location 
of a 

(10-lO ~Ci/ml) (lo- 10 ~Ci/ml) of RCGc Samples 

Miamisburg 4 E.L. - 0.006 E.L. 
B-1 4 E.L. - 0.02 0.002 ± 0.03 0.00001 
B-2 4 E.L. - 0.09 0.02 ± 0.08 0.0001 
B-3 4" E.L. - 0.007 0.002 ± 0.02 0.00001 
J-1 4 E.L. - 0.01 E.L. 

aComposite large volume water samples were analyzed from each location 
from water collected during CY-1980. 

bLower Detection Limit (LDL) for 238Pu is 0.008 x 10-lO ~Ci/ml which 
is 0.00004% of the RCG. 

cApplicable DOE Radioactivity Concentration Guide (RCG) for 238Pu in 
water = 20~000 x 10-10 ~Ci/ml for the general population and soluble 
form of 23opu. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

eAverage environmental levels (E.L.) subtracted from data . 
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Water· Nonradioactive 

Mound Facility has a discharge permit 

under the National Pollutant Discharge 

Elimination System (NPDES) issued by 

Region V of the U. S. EPA. The permit 

specifies limitations for pollutants in 

the two effluent streams from Mound that 

discharge to the Great Miami River. The 

discharge from outfall number 001 includes 

the discharge from the sanitary waste 

treatment plant, radioactive waste dis

posal facility, single-pass cooling water, 

zeolite softener backwash, boiler-plant 

blowdown, and some storm water runoff. 

The discharge from outfall number 002 

consists of single-pass cooling water, 

cooling-tower blowdown, zeolite softener 

backwash, and most of the stormwater run- • 

off. A 24-hr composite sample of each 

effluent stream is collected automatically. 

The volume of samples collected is pro

portional to the flow in the stream. The 

composite effluent water samples are 

analyzed for water quality parameters 

according to standard methods [10]. The 

results of effluent stream analyses for 

1980 are summarized in Tables 22 and 23. 

The suspended solids limitations were 

exceeded seven times during 1980. These 

represent approximately 6% of the measure

ments which were made. ·The exceptions 

ranged from 105 to 180% of the limitation. 

None of the suspended solids exceptions 

were related to the operation of the 

,------Table 22 - 1980 NATIONAL POLLUTANT DISCHARGE ELIMINATION---------. 
SYSTEM PERMIT DATA FOR STATION 001 

No. 
Parameter Sam;2les Minimum· 

Flow, MGDa Reported Cont. 0.08 
Permit 

BODs Reported 88 0.5 
Permit 

Suspended Reported 98 1.3 
Solids Permit 

Dissolved Reported 101 7.1 
Oxygen Permit 

Residual Reported 75 <0.02 
Chlorine Permit 

Oil and Reported 84 <0.5 
Grease Permit 

pH Reported 250 6.5 
Permit 6.0 

Organic Reported 79 <2.0 
Carbon 

Maximum 

0.31 
0.92 

10.7 
15 

26.9 
15 

11.1 

0.85 
0.5 

2.3 
10 

9.0 
9.0 

17.8 

Average 

0.18 
0.53 

3.3 
10 

8.3 
10 

8.9 
>5 

0.1 

0.5 

4.0 

~GD - million gallons per day. All other values are in milligrams 
per liter, except pH. 
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Table 23- 1980 NATIONAL POLLUTANT DISCHARGE ELIMINATION 
SYSTEM PERMIT DATA FOR STATION 002 

No. 
Parameter Samples Minimum Maximum Average 

I 
I 
I 

I 

Flew, MGDa 

Suspended 
Solids 

Dissolved 
Oxygen 

Residual 
Chlorine 

Oil and 
Grease 

pH 

Dissolved 
Solids 

Reported 
Permit 

Reported 
Permit 

Reported 
Permit 

Reported 
Permit 

Reported 
Permit 

Reported 
Permit 

Reported 
Permit 

Cont. 

26 

27 

24 

24 

108 

24 

0.09 

0.3 

6.8 

<0.02 

<0.5 

7.6 
6.0 

680 

l. 52 

27.6 
20.0 

14.8 

0.05 
0.05 

2.2 
10.0 

8.6 
9.0 

1580 
2000 

0.41 
0.53 

10.8 
15 

9.1 
>5.0 

<0.02 

0.6 

1100 
1500 

aMGD - million gallons per day. All other values are in milligrams 
per liter, except pH . 

sanitary waste treatment plant. The ex

ceptions were primarily related to storm 

water runoff and maintenance of the zeo

lite water softening system. 

The residual chlorine limitation was also 

exceeded twice during 1980. These repre

sent less than 3% of the measurements, 
and the exceptions were 124% and 170% of 

the limitation. Both exceptions occurred 
at the sanitary waste treatment plant 

during January and February and were 

related to chlorination equipment problems. 

The problems have been eliminated and no 

further exceptions have occurred. 

In all cases the above exceptions did not 

extend over more than one or two days and 

had no significantly adverse effect on 

the Great Miami River. 

No other permit limitations were exceeded 

during the year. These data show that 

Mound releases to the Miami River did 

not cause the Ohio Stream Standards to 

be exceeded. 

Foodstuffs and vegetation · 

Radioactive 

Various locally grown foodstuffs and 

vegetation samples are collected from 
the surrounding area. The intent of 

this portion of the Environmental Moni

toring Program is to determine whether 

-------------- Water-Nonradioactive/Foodstuffs and Vegetation 
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there is any significant uptake and con~ 

centration of radionuclides by plant or 

animal life. Samples were collected in 

Miamisburg, Centerville, and Bellbrook. 

Centerville and Bellbrook are in the 

prevailing wind direction from Mound at 

the foodstuff and vegetation samples is •. 
determined by ashing the samples and then 

proceeding with the same techniques used 

for plutonium-238 analyses of air samples 

(see section on Air - Radioactive) . The 

tritium content of the foodstuff and 

vegetation samples is determined by 

distilling the water from the sample and 

a distance of 5 mi and 10 mi, respectively. 

Both communities are shown in Figure 1. 

Fish were collected in the Great Miami 

River downstream of Mound's outfall into 

the Great Miami River. The area from 

which the fish were taken can be seen in 

Figure 5. The plutonium-238 content of 

then analyzing the distillate for tritium. 

The results of the foodstuff, vegetation, 
and fish analyses are summarized in Tables 

24 and 25. The concentration is given in 

terms of the sample weight (net weight) 

,...-------Table 24 - INCREMENTAL PLUTONIUM-238 IN FOODSTUFFS 
AND VEGETATION IN 1980 

Plutonium-238 
Type Number Rangea,d Averagea,b,c,d 
of of 

Location SamEle SamEles ~10- 6 ]..ICi/g) (10-6 ]..ICi/g) 

Miamisburg Grass 8. E.L. - 0.003 0.0005 ± 0.001 
Potatoes 4 E.L. - 0.002 0.0008 ± 0.001 

Centerville Grass 8 E.L. - 0.005 0.002 ± 0.002 

Potatoes 4 E.L. - 0.0001 E.L. 
Bellbrook Grass 8 E.L. - 0.0006 E.L. 

Potatoes 4 E.L. - 0.0002 E.L. 
Mound 

Fishe Facility 8 N.D. - 0.0003 0.00003 ± 0.0002 
(outfall 
to river) 

aAverage environmental level (E.L.) subtracted from data. 

bError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

CLower Detection Limit (LDL) for plutonium-238 in grass samples is 
0.0007 x lo-6 ]..ICi/g. LDL for plutonium-238 in potato samples is 
0.0001 x 10-6 ]..ICi/g. 

dMany of these results were at the LDL level; however, the actual 
values were used in the averages as explained earlier in this report. 

e(N.D.) Environmental level and values cannot be detected above 
reagent blanks, therefore includes environmental level. 
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,....---------Table 25 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN VEGETATION IN 1980 

Tritiui!l 
Type Number Rangec Averagea,b,c,d 

of of 
Location Sample Samples (10- 6 J.JCi/g) (10- 6 J.JCi/g) 

Miamisburg Grass 8 0.16 0.31 0.23 = 0.09 
Tomatoes 4 0.84 - 0.90 0.87 ± 0.25 

Centerville Grass 8 E.L. ~ 0.2 0.07 ± 0.11 
Tomatoes 4 0.05 - 0.17 0.13 ~ 0.26 

Bellbrook Grass 8 E.L. - 0.2 0.04 ± 0.12 
Tomatoes 4 E.L. - 0.06 E.L. 

aLDL for tritium in grass is 0.07 X 10- 6 J.JCi/g. 

bLDL for tritium in tomatoes is 0.05 X 10-6 J.JCi/g. 

cAverage environmental levels have been subtracted from data. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level . 

before as,ing or distilling. The samples 

of aquatic life analyzed included only 

the edible, fleshy portions of fish. 

These analyses indicate no evidence of 

any significant uptake or concentration 

by plant or animal life of the radio

nuclides handled at Mound Facility. 

Environmental levels for foodstuffs and 

vegetation have been subtracted from the 

data (Table l) . 

Silt - Radioactive 

Silt samples were collected from the river 

and surface water sample locations shown 

in Figure 5. 

The results of the silt sample analyses 

are found in Tables 26 and 27. No 0ffsite 

soil sampling was conducted in CY-1980 

since the soil inventory was completed and 

reported for CY-1977, and there is no 

evidence of other than minimal uptake of 

plutonium-238 by plants from soil [11] . 

Foodstuffs and Vegetation/Silt 
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r---- Table 26 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238----~ 
IN SILT FROM RIVER MONITORING LOCATIONS IN 1980 

238Pu 238Pu 
Number Rangec Averagea,b,c of 

Location Sam:eles -6 (10 llCi/Bj) -6 (10 llCi/g) 

1 4 E.L. E.L. 
2 4 0.009 - 0.03 0.02 ± 

3 4 0.06 - 0.14 0.1 ± 

4 4 0.14 - 0.32 0.24 ± 

5 4 0.003 - 0.02 0.009 ± 

aLower Detection Limit (LDL) for 238Pu in silt 
is 0.001 x lo-6 llCi/g. 

0.01 
0.05 
0.14 
0.01 

bError limits are estimates of the standard error 
of the estimated means at the 95% confidence level. 

cAverage environmental level (E.L.) subtracted from 
data. 

~--Table 27 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 ----....., 
IN SILT FROM SURFACE WATER MONITORING LOCATIONS IN 1980 

238Pu 238Pu 
Number Rangec Averagea,b,c 

of -6 ~10- 6 Location Sa~les (10 llCi/g~ llCi/g) 

10 4 E.L. - 0.015 0.004 ± 0. 012 
11 4 E.L. - 0.0008 E.L. 
12 4 0.0005 - 0.001 0.0009 ± 0.0008 
13 4 E.L. - 0.0006 E.L. 
14 4 E.L. - 0.004 0.002 ± 0.003 
15 4 E.L. - 0.003 0.0006 ± 0.003 
16 4 E.L. - 0.005 0.002 ± 0.003 
17 3 0.001 - 0.082 0.054 ± 0.11 

aLower Detection Limit (LDL) for 238Pu is 0.001 x 10-6 

llCi/g. 

bError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

cAverage environmental levels (E.L.) have been subtracted 
from data. 
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Evaluation of dose 

commitment to the public 
A dose assessment was perfor~ed for radio

nuclides in the environment from Mound 

Facili~y operations. These radionuclides 

are plutoni~n-238 ~nd tritium. Tritium 

(oxide) is the only radionuclide dt Mound 

Facility for which the critical organ is 

the whole body. The critical organs for 

plutonium-238 are assumed to be the lung 

for inSoluble material and the bone for 

soluble material. The solubility of plu

tonium-238 in the receptor is unknown; 

cherefore,each dose evaluation for both 

lung and bone were based on total incre

mental concentration ~f plutonium-238 

f~und in the environment. This approach 

qives a very conservative or overestimate 

of the dcse commitment. 

The term "dose ..:ommitment," as used in 

this report; is that cumulative dose for 

a period of 50 yr from 1 yr of exposure 

to a given radionuclide. 

Plutonium -238 assumptions 

and methodology 

7he dose commitment estimates for pluton

ium-238 were based on environmental moni

toring data f0r CY-1980. The estimates 

for maximum dose commitment to the lung 

at the site boundary and maximum dose 

commitment to the lung in individuals were 

based on the maximum onsite incremental 

averaqe concentration of plutonium-238 in 

air from onsite samplers (sampler 213, 

Table 8), since the samplers are in close 

proximity to the site boundary. The 

maximum dose commitment to the lung in 

population group(s) was based on the ~ax

imum offsite average incremental concen

tration of plutonium-238 in air (sampler 

123, Table 5). 

The estimates for maximum dose conmitment 

to the bone at the site boundary and in 

individuals were also based on the maxi

mum onsite average incremental concentra

tion of plutonium-238 in air and the 

maximum offsite average concentration of 

plutonium-238 in drinking water (average 

of B-1, B-2, and B-3, Table 21). The 

maximum dose commitment ·to the bone for 

individuals in population group(s) was 

calculated using airborne concentrations 

of plutonium-238 only because the con

centration of plutonium-238 in municipal 

drinking water was at the environmental 

level (Miamisburg drinking water, Table 

21). The total dose commitment for bone 

was obtained from concentrations of ~l~

tonium in air. 

The terms "maximum dose commitment at the 

site boundary" and "maxi~um dose commit

ment to individuals" refer to the maximum 

dose commitment possible for individuals 

to receive assuming they remain at the 

site boundary 24/hr day and 365 days/yr. 

The term "maximum dose commitment for 

individuals in population group(s)" refers 

to those individuals who reside in an area 

adjacent to Mound Facility and who receive 

the maximum dose commitment values found 

in the offsite environment. 

The calculational methods can be found 

in the Appendix. The results of the dose 

commitment estimate calculations are 

shown in Table 28 . 
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:----------Table 28 - DOSE COMMITMENT ESTIMATES • 
Maximum dose 
equivalent at the 0.37 
site boundary 

Maximum dose 
equivalent to an 0.37 
individual 

Maximum dose 
equivalent to an 
individual in the 0.09 
population 
group (s) 

Plutonium-238 
%of 

Applicable 
DOE Standard 

0.02% 

0.02% 

The data indicate that in all cases of 

dose commitment comparisons, the dose 

commitments are well within 1% of the 

DOE standard. In addition, to provide 

a relative comparison of these dose com

mitment values, the maximum dose to the 

lung of an individual around Mound 

Facility is 0.37 mrem/50 yr. This would 

be equivalent to the additional dose to 

an individual smoking one-half of a 

cigarette/yr [12] or visiting a friend 

who lives in a brick house for 10 hours 

[13] (as compared to living in a wooden 

house) . 

Tritium (oxide) assumptions 

and methodology 

The dose commitment estimates for tritium 

(oxide) were also based on environmental 

monitoring data for CY-1980. The concen

trations used for dose commitment esti

mates for tritium (oxide) were arrived at 

Dose Commitment 
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(mrem/50 yr) 
% of 

Applicable 
Bone DOE Standard 

7. of 
Whole Applicable 
Body DOE Standard 

2.48 2.05 

2.48 0.2% 2.05 0.4% 

0.6 Q.l% 0.28 0.2% 

by the same method as that used for pluton

ium. The maximum average onsite air in

cremental concentration was measured at 

• sampler 212 (Table 10), and the maximum 

drinking water incremental concentration 

was the average measured at location B-R 

(Table 19). The maximum average offsite 

air incremental concentration was measured 

at sampler 102 (Table 7) , and the maximum 

incremental concentration of drinking water 

for individuals in a population group was 

that measured in the Miamisburg drinking 

water. The total dose commitment for the 

whole body was obtained by addition of the 

dose commitment of tritium (oxide) in air 

and the dose commitment of tritium (oxide) 

in water. The calculational methods can be 

found in the Appendix. The results of the 

dose commitment estimate calculations are 

shown in Table 28. 

The tritium data also indicate dose com

mitment levels well within 1% of the DOE 

standards. For example, the maximum whole 

body dose commitment to an individual • 
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around Mound Facility from tritium is 

2.05 mrem. This value is equivalent to 

the additional dose to an individual from 

Ohio taking a one-week vacation in Colo

rado [ 14] . 

Environmental data indicate that Mound's 

influence does not reach 32 km (20 mil: 

however, 32 km (20 mil will be the 

assumed limit for Mound's impact. This, 

coupled with the assumption of 360° 

atmospheric diffusion to 32 km (20 mil, 

provides a high degree of conservatism 

or overestimation of Mound's impact. 

The person-rem dose commitment estimate 

calculations were based on average tri

tium (oxide) data from environmental air 

sampling stations and average tritium 

(oxide) data in community drinking water . 

The average concentration of tritium 

(oxide) in air was obtained by averaging 

all offsite tritium air samplers less the 

concentration found at sampler #119. 

From this average concentration a dose 

commitment was determined and multiplied 

by the number of people from 0 to 32 km 

( 20 mi) . 

The pe~son-rem from tritium (oxide) in 

community water was based on average con

centrations of tritium (oxide) in various 

community water supplies, less appropri

ate environmental levels, and weighing 

these concentrations with respective 

pcpulations . 

The calculations for the air and water 

dose commitment estimates are shown in 

the Appendix. 

It is estimated that the total population 

from 0 to 32 km (20 mil is receiving 44 

person-rem from Mound's emissions. The 

remaining population from 32 km to 80 km 

(20 to 50 mil is not receiving any dose 

commitment from tritium (oxide) emissions. 

For comparison, the person-rem values from 

natural radiation, including cosmic rays 

and ter~.estrial radiation, would be approx

imately 320,000 person-rem for the 0 to 80 

km (50 mil range [15]. The dose commit

ment from natural background tritium alone 

is 80 person-rem for the 0 to 80 km range. 
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Appendix 
Applicable standards 

RADIOACTIVE STANDARDS 

In conformance with DOE Manual Chapter 
0524, "Standards for Radiation Protection," 

offsite sample results are compared with 

RCG's established for the general popula

tion. These RCG's are derived by dividing 

the RCG's for an uncontrolled area by 

three. 

Onsite sample results are compared with 
the uncontrolled area RCG's which are 

applicable for individuals in the popu
lation.· 

The RCG values (in microcuries per milli

liter - ~Ci/ml) used for comparison pur-. 

poses for the various types of samples . 

in this report are listed below. In all 

cases, these are the most restrictive 

RCG' s. 

Plutonium-238 (Soluble Form) 

Air 

General Population 2 X lo-14 
~Ci/ml 

Uncontrolled Area 7 X 10-14 ~Ci/ml 
(Individuals in 
the Population) 

Water 

General Population 2 X 10-6 
~Ci/ml 

Uncontrolled Area 5 -6 
X 10 · ~Ci/ml 

( Individuals in 
the Population} 

Tritium (Soluble Form) 

Air 

General Population 
Uncontrolled Area 
(Individuals in 

the Population} 

7 X 10-B ~Ci/ml 
2 X 10-? !JCi/ml 

Water (DOE RCG is compared to water not 

used for drinking purposes) 
General Population 1 x 10-3 ~Ci/ml 

Uncontrolled Area 3 x 10- 3 ~Ci/ml 

(Individuals in 

the Population) 

As of June 24, 1977, community drinking 

water quality is regulated by the EPA 
National Interim Primary Drinking Water 

Regulations for Radionuclides. The new 
standard = 20 x 10-6 ~Ci/ml (20,000 pCi/1). 

Foodstuffs There are no RCG values speci

fied for foodstuffs. 

Soil There are no guidelines established 

for radioactive species in soil. (The 

u. s. EPA has guidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

~ Region v of the u. s. EPA has issued 

a discharge permit under NPDES regulations 

covering both Mound Facility liquid 
effluent streams. The discharge limita

tions for each effluent stream are as 

follows: 
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Outfall Number 001 

Flow (106 gal/day) 

BOD5 (mg/liter) 

Suspended Solids 
(mg/li ter) 

Dissolved Oxygen 
(mg/liter) 

Residual Chlorine 
(mg/liter) 

Oil and Grease 
(mg/li ter) 

pH 

Outfall Number 002 

Flow {10 6 gal/day) 

Suspended Solids 
(mg/li ter) 

Dissolved Oxygen 
(mg/liter) 

October-April 

May-September 

Residual Chlorine 
(mg/liter) 

Oil and Grease 
(mg/liter) 

Dissolved Solids 
(mg/liter) 

pH 

Daily 
Avera51.e 

0.53 

10 

10 

5 

6-9 

Daily 
Avera51.e 

0.53 

15 

8 

5 

1500 

6-9 

Daily 
Maximum 

0.92 

15 

15 

o.s 

10 

Daily 
Maximum 

20 

0.05 

10 

2000 

The Ohio EPA has established Water Quality 

Standards (3745-1-01-3745-1-09). The 

standards listed below are excerpted from 

these regulations. These standards are 

stream standards and apply to a stream 

beyond a suitable mixing zone permitted 

for discharges. They should not be com

pared with effluent concentrations. 

Constituent 

Dissolved Oxygen 

pH 

Fecal Coliform 
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Average 
Concentration 

(m5f./li ter) 

5.0 

6-9 

200 per 100 ml 

Constituent 
Dissolved Solids 

Average 
Concentration 

(mg/li ter) 

1500 
Ammonia 1 . 5 

Arsenic 0. OS 

Barium 0.8 

Cadmium 0.005 

Chloride 250 

Chromium (hexavalent) 0.05 

Cyanide (free) 0.005 

Fluoride 1.3 

Foaming Agents (MBAS) 0.5 

Iron 1 

Lead 0. 04 

Manqanese 1 

Mercury 

Oil and Grease 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

0.0005 

5 

0.01 

0.005 

0.001 

o.oos - 0.075* 

0.075 - 0.5* 

*Dependent on caco3 hardness. 

Dose commitment calculations 
PLUTONIUM-238 CALCULATIONAL METHODS 

The dose commitment to the lung resulting 

from inhalation of airborne plutonium-238 

was calculated by: 

D (t) 
>..m 

where 

D(t) = 50-yr dose commitment delivered 

to the lung in 365 days of con

tinuous exposure to plutonium-

238 in air, rem/SO yr 

c = average airborne concentration, 

~Ci/ml 

• 

• 

• 
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I a 

tl = 

t2 = 

fa = 

average air intake = 2 x 10 7 ml/day 

[1] 

time exposed, 365 days 

duration of dose, 50 yr 

fraction of inhaled material 

reaching organ of interest= 0.7 

(max.) for the pulmonary region 

[2) 

fr = fraction of pulmonary deposi

tion undergoing long-term re

tention= 0.6 for actinide 

(class Y) [2] 

):EF(RBE)I'l = effective energy deposition 

per disintegration = 57 [1] 

>.. effective decay rate, 0.0014 
day-1 for actinides (class Y) 

from the pulmonary region [3] 

m = lung mass, 1000 g [1) 

The dose commitment to bone resulting 

from inhalation of airborne plutonium-238 

was calculated by: 

0 (t) 

where 

= Sl.lCiafat1EEF(RBE)n (l-e->..t2 ) 

>..m 

fa = 0.2 [ 1] 

EEF(RBE)n = 284 [1] 

m = 7 X 103 g [l] 

= 3 x 10-S day-l [1] 

The dose commitment to bone resulting from 

ingestion of plutonium-238 in water was 

calculated by: 

D(t) = 
Sl.lCiwfat1 EEF(RBE) ->..t __ _..;;'---..::;......;;;. ____ ( 1-e 2) 

>..m 

where 

Iw = average quqntity of water 

intake, 2200 cm3 [1] 

fa 2.4 X 10 -5 [1] 

TRITIUM OXIDE CALCULATIONAL METHODS 

The dose commitment to the whole body re

sulting from exposures to tritium (oxide) 

in air was calculated by: 

D(t)a = Ca x s 
Ra 

where 

D(t)a dose commitment, mrem/50 yr 

average concentration of 

tritium (oxide) in air 

Ca 

Ra RCG for tritium (oxide) in 

air [4] 

S = Radiation protection stan

dard in mrem/50 yr [4] 

The dose commitment to the whole body re

sulting from uptake of tritium (oxide) in 

water was calculated by: 

D(t)w Cw 
= Rw X S 

where 

D(t)w dose equivalent in mrem/50 yr 

cw = average concentration 

Rw = RCG for tritium (oxide) in 
water [4] · 

S = radiation protection stan

dard in mrem/50 yr [4] 

These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the 
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International Commission on Radiological 

Protection [5] and the National Council 

on Radiation Protection Measurements [6]. 

PERSON-REM CALCULATIONS 

The equations used for this calculation 

were: 

D(t) a 
ca = Ra X S 

where 

D(t)a 

Ca 

Ra 

s 

D(t)w 

where 

dose commitment from tritium 

(oxide) in air 

average tritium (oxide) con

centration in air 

RCG for tritium (oxide) in 

air [ 41 

radiation protection stan

dard for tritium (oxide) in 

air in mrem/50 yr [4] 

cw x s 
Rw 

These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the In

ternational Commission on Radiological 

Protection [5] and the National Council on 

Radiation Protection and Measurements [6]. 

The total person-rem from 0 to 32 km is 
obtained by: 

where 
32 
Z:R 

-1l 
- 32 
D(t)aEP 

0 

person-rem within 32 km 

average dose commitment x 

population from 0-32 km 

(895,941) 
3 2 ) 
~ (o(t)wP = summation of dose commitments 

x respective population from 

0-32 km 
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p. 15, 6th line, right column, should read 

"lo-ll llCi/ml" 
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Foreword 

This report was prepared by the Environmental Assessment and Planning 

Section of the Administrative Services Department at Mound Facility. 

Sample analyses and data reduction were performed by the Environmental 

Laboratory Group of the Environmental Assessment and Planning Section. 

Particulate samples offsite were collected by the Air Pollution Control 
Section of the Montgomery County Combined General Health District which 

acts as the Regional Air Pollution Control Agency in this area for the 

Ohio Environmental Protection Agency. 
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Introduction 
Mound Facility is situated on 180 acres 

of land in Miamisburg, Ohio. This loca

tion is approximately 16 km (10 mi} south

west of Dayton. The predominant geograph

ical feature in the five-county region 

surrounding the Facility is the Great 

Miami River which flows from northeast 

to southwest through Miamisburg, This 

river valley area is generally highly 

industrialized. The remainder of the 

.BROOKVILLE 

EATON 

0 I 1 J 4 ...........,... 
"IUS 

11l4S6 
____ ........, 

KILOMETERS 

TROTwooD Q 

region is predominantly agricultural with 

some light industry anq scattered residen

tial communities. The location and popu

lation of these communities are shown in 

Figure 1. Figure 2 shows the population 

distribution around Mound Facility. Drink

ing water for the area is obtained from a 

buried valley aquifer which generally fol

lows the Great Miami River. The primary 

agricultural activity in the area is rais

ing field crops such as corn and soybeans. 

Approximately 10% of the land area in 

VANDALIA. 

• SPRINGBORO 

AAIR SAMPLING STATIONS 
,.POPULATIONS OF CITIES 

.2500-5000 

Qsooo-lo.ooo 
•• 0.000-15,000 

Q>•s.ooo 

WPAFB 
WEATHER 

STATION 

FIGURE 1 - Offsite air sampling locations. 
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FIGURE 2- 1970 population within 50 miles of Mound Facility. 



agricultural use is devoted to pasturing 

livestock [1]. 

Weather conditions in the area are moder

ate. The average annual precipitation is 

approximately 91 em (36 in.) and is evenly 

distributed throughout the year. Winds 

are predominantly from the south or west 

except during the summer months when a 

higher frequency is recorded from out of 

the southwest. The wind speed averages. 

about 16 km/hr {10 mi/hr) annually [2]. 

Figure 3 shows the wind rose compiled at 

Wright Patterson AFB which is located 

approximately 13 mi northeast from Mound. 

This wind rose approximates average wind 

conditions at Mound. 

Mound Facility began operations in 1949. 

Its mission currently includes research, 

development, engineering, production, and 

surveillance of components for the Depa!t

ment of Energy {DOE) weapon programs; 

separation, purification, and sale of 

stable isotopes of the noble gases; and 

other DOE programs including solar energy, 

fossil fuels, nuclear safeguards and waste 

All C.BSERVATIONS 

197.0331 

Surface Wond Speed, onph 

1_, •·U 13~• .=, 
@ 

%FreQuency 

0 s 10 1S 

FIGURE 3 - The relative frequency and 
strength of winds from different direc
tions for Wright-Patterson Air Force 
Base. 
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management, and fusion fuel systems. The • 

radionuclides of primary concern resulting 
-from Mound's current or past operations 

include plutonium-238 and tritium. 

Radionuclides.in particulate form are re

moved from process air effluents from 

nuclear operations facilities by high 

efficiency particulate air {HEPA) filters. 

The air effluents are filtered first at 

the points of origin, i.e., gloveboxes, 

and just prior to the release point, i.e., 

the stack. The filtering system at the 

stack consists of two banks of HEPA fil

ters in· series, each bank with a collec

tion efficiency of 99.95%. Radionuclides 

are removed from liquid effluents such as 

process wastes by chemical processing. 

Solid radioactive wastes are packaged and 

shipped offsite for burial at approved 

burial sites. Wastes generated in the 

processing of explosive materials are 

collected and disposed of according to 

the Army Materiel Command Regulation 385-

100. 

An onsite sanitary waste treatment plant 

provides secondary treatment in accordance 

with u. s. Environmental Protection Agency 

{EPA) requirements [3] using an activated 

sludge process operating in the extended 

aeration mode. All domestic sewage gen

erated onsite is treated in this facility. 

The influent and effluent at the sewage 

treatment plant are also monitored for 

radioactivity to ensure no undetected 

release can occur to the environment via 

the sanitary sewage plant. The digested 

sludge from the sewage plant is shipped 

offsite for burial at an approved burial 

site. Nonradioactive solid wastes are 

• 
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disposed of according to a recycling and 

reclamation program where possible. White 

paper, scrap metal, and wood are sold for 

reclamation. General refuse was trans

ported during 1979 to two sanitary land

fill sites approved by both the state 

and county. Waste solvents and chemicals 

are removed offsite by a commmercial in

dustrial-waste-disposal firm. 

Conformance to regulations prescribed by 

DOE pertaining to the safety of employes 

and the public has been demonstrated dur

ing the history of Mound Facility. The 

fundamental objective of the Mound Facility 

Environmental Control Program, which has 

been in existence throughout the history 

of the Facility, is the containment of 

radioactive effluents to levels well with

in the existing standards. As part of 

this function, effluents are monitored and 

controlled at each operating step result

ing in no more than low-level releases of 

airborne or liquid wastes to the environ

ment. Because of early detection, control 

techniques can be implemented, thus ensur

ing that concentrations are well within 

existing standards and are as low as 

practicable. 

As part of the Mound Environmental Program 

monitoring functions, air, water, vegeta

tion, foodstuff, and sediment samples are 

collected from the environment at distances 

up to 45 km (28 mi) from the Facility 

boundaries. These samples are analyzed 

for the specific radionuclides handled at 

the Facility. 

The results of the environmental analyses 

for CY-1979 are provided in this report . 

The primary purpose of this report is to 

demonstrate what impact, if any, Mound 

Facility has on.the adjacent environment 

from annual operations. To meet this 

purpose, there are several calculational 

techniques which should be described. 

These techniques have been used throughout 

the report. The concentrations of various 

radionuclides found in this report which 

result from Mound Facility's operations 

are termed "incremental." The term "in

cremental" denotes that concentration value 

that exceeds normal environmental levels 

of the same radionuclide. The environ

mentai· level is the level found in the 

environment where Mound would have no 

impact. These environmental levels are 

shown in Table 1. 

In addition, a new approach was used during 

1979 in order to provide a better estimate 

of actual concentrations of radionuclides 

in the environment. The instrument back

ground was subtracted from the sample count, 

and this value was then used in averages, 

as opposed to using the lower detection 

limit (LDL) as had been the practice in 

past years. 

For comparative purposes and for single 

sample evaluation, however, the lower 

detection limit (LDL) is shown for each 

set of data in this report. The LDL is 

composed of the average (estimated mean) 

of the blank results plus the standard 

error of the estimated mean at the 95% 

confidence level. 

The error estimates shown with each set 

of data are estimates of the standard 

error of the estimated mean at the 95% 

Introduction 
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r----Table l - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES IN VARIOUS MEDIA----

Plutonium-238 in aira 

Tritium oxide in aira 

Plutonium-238 in river waterb 

Tritium in river waterb 

Plutonium-238 in surface waterc 

Tritium in surface waterc 

Plutonium-238 in well waterd 

Tritium in well waterc 

Uranium-233,234 in river waterb 

Uranium-238 in river waterb 

Plutonium-238 in river siltb 

Plutonium-238 in surface water siltc 

Tritium in grasse 

Tritium in tomatoese 

Plutonium in grasse 

Plutonium in potatoese 

Plutonium .in fishe 

aMeasured at offsite sampler 119. 

= 
= 
= 
= 
= 

= 
= 

= 

= 

= 

= 

= 
= 

= 
= 

0.05 

0.06 

0.03 

1.1 

0.013 

0.85 

0.013 

0.81 

7.7 

7.6 

0.0005 

0. 0011 

0.14 

0.24 

0.0009 

0.0007 

0.0003 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

± 

bMeasur~d 20 mi upstream on Great Miami River. 

cMeasured 28 mi northwest of Mound Facility. 

dused concentrations found for surface water. 

eMeasured 30 mi west of Mound Facility. 

0.05 

0.04 

0.03 

0.18 

0.007 

0.38 

0.007 

0.27 

4.2 

2.7 

0.0002 

0.0006 

0.05 

0.03 

0.0008 

0.0007 

0.0001 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

io-17 

10-11 

10-10 

10-6 

10-10 

10-6 

10-10 

10-6 

10-10 

10-10 

l0-6 

10-6 

10-6 

10-6 

10-6 

10-6 

10-6 

lJCi/ml 

lJCi/ml 

lJCi/ml 

lJCi/ml 

lJCi/ml 

lJCi/ml 

lJCi/ml 

lJCi/ml 

lJCi/ml 

j.JCi/ml 

lJCi/g 

lJCi/g 

lJCi/g 

lJCi/g 

lJCi/g 

lJCi/g 

1-JCi/g 

confidence level. These values include 

all sources of variability including 

sampling, analyses, counting statistics, 

and the propagated error involved when 

subtracting the environmental levels from 

the actual data. 

Introduction----------------------------

8 

• 

• 

• 



• 

• 

• 

Summary 

The local environment surrounding Mound 

Facility was monitored primarily for tri

tium and plutonium-238. The results are 

reported for CY-1979. The environmental 

parameters analyzed included air, water, 

vegetation, foodstuffs, and sediment. 

The average concentrations of plutonium-

238 and tritium were within the applicable 

standards (adopted by the U. s. DOE) for 

radioactive species. 

Mound Facility initiated a program in 

1975 to bring Mound water wells and eight 

offsite wells into compliance with a pro

posed new EPA standard for tritium in 

public drinking water. The new regula

tions reduced the federal standard for 

tritium by a factor of 50. Final standards 

were eventually promulgated for various 

parameters and made effective June 24, 

1977. Mound's program has involved an 

extensive study of the local area water 

source, the Buried Valley Aquifer, and 

high volume pumping of water from the 

aquifer, with replacement by induced in

filtration of dilution water from the 

Great Miami River. The overall effective

ness of the program has been significant. 

All wells have been brought into compli

ance: Mound's three wells in September 

1977; five offsite public wells in April 

1978: and three offsite private wells in 

December 1979. 

Data concerning nonradioactive species in 

air and water are also presented and com

pared to federal, state, and local stan

dards where applicable. The average in

cremental concentrations of plutonium-238 

and tritium oxide in air measured at all 

offsite locations during CY-1979 were 
-17 . -11 . 0.53 x 10 uC1/ml and 0.44 x 10 uCl/ml, 

respectively. These~orrespond to 0.03% 

and 0.006% of their respective Radioactivity 

Concentration Guides (RCG) . Details of the 

applicable standards are given in the Appen

dix.· 

The average incremental concentration of 

pl~tonium-238 measured at all locations 

in the Great Miami River during CY-1979 

was 0.04 x l0-10 uCi/ml which is 0.0002% 

of the RCG. The average concentration of 

tritium measured at all locations in the 

Great'Miami River during CY-1979 was at 

the environmental level shown in Table 1. 

Radionuclide effluent data for CY-1979 are 

summarized in Table 2. 

The average incremental concentrations of 

plutonium-238 found during CY-1979 in sur

face and area drinking water were also a 
fraction of the DOE RCG. In addition, the 

.average incremental concentration of tri

tium in surface water and the average con

centration in area and municipal drinkinq 

water were a fraction of each respective 

DOE RCG and EPA standard. 

Although there are no specific standards 

(RCG) for plutonium-238 and tritium in 

foodstuffs, the concentrations found, if 

compared to the -water standard, are also 

a small fraction of the RCG. No offsite 

soil sampling was conducted in CY-1979 

since a soil inventory was completed and 

reported for CY-1977. Sediment was sam

pled at several water sampling locations, 

however. Radionuclide levels found in 

these sediment samples are not detrimental 

to the environment . 

------------------------------Summary 
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.------------- Table 2 - EFFLUENT DATA FOR CY-1979 

Radionuclide 

Tritium 

Tritium 

Plutonium-238 

Plutonium-238 

Uranium-233, 234 

Mound Facility has been granted a National 

Pollutant Discharge Elimination System 

Permit. Effluent stream analyses during 

1979 indicated that the suspended solids 

limitation for one of the two discharge 

points was exceeded for a short period. 

All other parameters were within permit 

limitations. All results indicate that 

Mound effluent streams have no significant 

effect on the Great Miami River and cer

tainly do not cause Ohio stream standards 

to be exceeded. 

The dose commitment estimates indicate 

that, in all cases, the levels are below 

Media Quantity 

air -3831 Ci 

water 33.9 Ci 

air 0.012 mCi 

water 3.2 mCi 

water 1.2 mCi 

1% of the DOE standard. The person-rem 

calculated to 80 km for the total popula

tion as a result of Mound operations dur

ing 1979 was 13 person-rem. Natural radi

ation would result in approximately 320,000 

person-rem for the area. 

The data contained in this summary demon

strate the status of compliance with var

ious current regulatory agency standards 

and demonstrate Mound's emphasis on the 

as-low-as-practicable (ALAP) concept. 

Summary -----------------------------
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Environmental surveillance 
Quality assurance 

A quality assurance program for environ

mental analytical procedures has been in 

effect for several years. There are two 

parts to the program: internal and ex

ternal. The internal portion consists of 

blank analyses for each group of samples. 

The blank values have been consistently 

small in comparison with sample values, 

indicating good control and no contamin

ation problems during analytical proce

dures. These blank values are the basis 

for detection limits as discussed later 

in the report. 

The external portion involves Mound par

ticipation in DOE's Quality Assessment 

Program. This progra~ is conducted by 

the Department of Energy's Environmental 

Measurements Laboratory (EML) which pre

pares "reference" samples for analysis by 

DOE laboratories throughout the country. 

The "air" samples are simulated, consist

ing of filter papers spiked with known 

amounts of plutonium, uranium, and other 

radionuclides. Results of significance 

to the environmental monitoring program 

at Mound are summarized in Table 3. Con

centrations for air samples are given in 

pCi/filter, and the units for water con

centrations are in pCi/ml. 

Mound values can be compared with the EML 

reference values and with the mean values 

of all the laboratories participating in 

the program, by referring to the concen

tration ratios given in the last two 

columns of Table 3. If Mound's experimental 

errors and EML's errors are taken into 

consideration, then a "Mound-to-EML" con

centration ratio between 0.8 and 1.2 is 

completely acceptable. In four cases, this 

ratio was less than 0.8. For uranium-234 

in "air" (7904) the 0.71 ratio is l~w and 

has not been completely explained. The 

"Mound-to-Mean" ratio of 0.85, however, 

indicates the· possibility that EML 's uranium-

234 finding was high. The other three low 

"Mound-to-EML" ratios are for plutonium in 

water (samples dated 7901 and 7904). For 

two of these three, Mound plutonium in 

water concentrations are essentially equiv

alent to the mean of all the laboratories. 

It is believed that since the EML water 

samples are preserved only in 0.1 ~hydro

chloric acid, some plutonium hydrolysis 

occurs resulting in the plutonium concen

trations determined by participating lab

oratories being lower then EML's concentra

tions. 

The reliability of the data generated in 

the routine environmental monitoring pro

gram is illustrated by the good agreement 

of Mound data with reference data in this 

Quality Assurance Program. 

Air - Radioactive 

The offsite air-sampling network used dur

ing CY-1979 consisted of 15 continuously 

operating air-sampling stations that are 

used for sampling both tritium oxide and 

plutonium. Ten sampling stations are 

located within a 1.6 km (1 mil radius of 

the Facility, and four samplers are located 

in or near population centers. The remain

ing sampler {#119) is approximately 44.8 km 

(28 mil from the Facility in the least 

Quality Assurance/ Air-Radioactive 
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Table 3 - MOUND FACILITY QUALITY ASSESSMENT PROGRAM 
RESULTS (FIRST THROUGH FOURTH QUARTER, 1979) • Concentration Ratio 

Sample Sample Isotope Concentration* Mound to Mound 5o 
T::r:ee No. Determined Mound EMLa EML Mean 

Air 7901 Pu-239 0.53 0.53 1.00 0.88 

Air 7904 U-234 0.87 1.23 0. 71 0.85 
U-238 0.85 0.98 0.87 0.80 

Air 7907 U-234 1. 75 1. 70 1.03 0.88 
u-238 1.71 1. 75 0.98 . 0.90 

Air 7910 Pu-239 0.52 0.60 0.87 0.81 
0.51 0.60 0.85 0.80 

U-234 & 1.38 1.58 0.87 0.78 
U-238 1. 37 1.58 0.87 0.77 

Water 7901 H-3 11.3 12.4 0.91 0.88 
12.7 12.4 1.02 0.99 
10.2C 12.4 0.82 Q.80 

Water 7904 H-3 . 23.5 24.5 0.96 0.94 
27.0 24.5 1.10 1.08 

Water 7907 H-3 30.7 30.4 1.01 0.92 

Water 7910 H-3 13.8 13.4 1.03 0.96 
14.3 13.4 1.07 0.99 
13 .oc 13.4 0.97 0.90 

Water 7901 Pu-239 0.0018 0.0023 0.78 0.79 

Water 7904 Pu-238 0.0067 0.0090 0.74 1.06 • Pu-239 0.0065 0.0090 0.72 1.00 

Water 7907 Pu-238 0.0079 0.0090 0.88 0.9 3 
Pu-239 0.0073 0.0081 0.90 0.85 

Water 7910 Pu-238 0.0092 0.0104 0.88 1.08 

Water 7901 U-234 0.0097 0.0099 0.98 0.99 
U-238 0.0097 0.0099 0.98 1.07 

I Water 7904 U-234 0.0207 0.0219 0.95 1.18 

I U-238 
I 
i Water 7907 U-234 0.0100 0.0113 0.88 0.86 •I 

' U-238 0.0102 0.0113 0.90 0.90 

Water 7910 U-234 1. 38 1.58 0.87 0.78 
U-238 1. 37 1.58 0.87 0.77 

*Air values - pCi/filter 
*Water values - pCi/ml 

aEnvironmental Maasurements Laboratory. 

bThe mean of all concentrations determined by all participating 
laboratories. 

cThese H-3 values were determined uy the Mound Nuclear Measurement 
Group. 

Quality Assurance • 
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prevailing wind direction. This sampler 

receives no measurable contribution from 

Mound operations and serves as a baseline 

sample for computing environmental levels. 

The levels from sampler #119 are sub

tracted from other locations. The sam

plers currently in operation are located 

at critical distances and directions 

based on a diffusion model developed for 

Mound Facility. The locations of the 

sampling stations are shown in Figure 1. 

Two types of samples are collected at 

each sampling station. One is a particu

late air sample for plutonium-238 analysis, 

and the other is a bubbler type sampler 

for tritium oxide analysis. The particu

late sample is collected on a 200-mm di

ameter Microsorban disk by a continuously 

operating (24 hr/day, 7 days/week) high

volume air sampler. The air is sampled 

at an average rate of 1.3 x 106 cm3/min 

(~45 ft 3/min). The Microsorban disk· is 

changed weekly, and represents a sample 

of approximately 13,000 m3 of air. Plu

tonium-238 analyses were performed on a 

monthly composite for three sampling 

locations, #122, #123, and #124, and on 

quarterly composites for the other off

site locations. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: 

addition of a known amount of plutonium-

242 tracer, ignition to 600°C, leaching 

with nitric acid, separation of plutonium 

with anion exchange resin, electrodeposi

tion of plutonium, and finally alpha spec

trometry . 

The average incremental offsite plutonium-

238 air concentration for all locations 

was 0.53 x l0-17 ~Ci/~1 which is 0.03% of 

the DOE RCG. The RCG used for comparison 

is the Guide for the soluble form of the 

isotope and for the general population. 

This is the most restrictive RCG for plu

tonium-238 and is applied since the solu

bility of the measured particles in the 

human body is unknown. The analytical 

results are summarized in Table 4. 

Table 5 shows concentrations of plutonium-

239, plutonium-240, and plutonium-238, 

including environmental levels, so that 

a ratio comparison between these radio

nuclides can be made. Ratios greater than 

that observed at location #119 (~0.1) 

result from a concentration of plutonium-

238 in excess of that from atmospheric 

fallout and are indicative of the influ

ence of Mound operations. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air at. 

approximately 3 x 10 3 cm3/min through 200 

ml of ethylene glycol. Ethylene glycol is 

used because this material eliminates 

evaporation and freezing problems associ

ated with sample collection [4]. Any tri

tium (oxide) in the air is collected in 

the solution. Tritium oxide rather than 

elemental tritium is sampled and analyzed 

because the RCG for the oxide is 200 times 

more restrictive than it is for elemental 

tritium [5]. A sample representing ~30 m
3 

of air is collected, and an aliquot repre

senting 1.5 m3 is counted in a liquid 

scintillation spectrometer. The average 

----------------------------------------------------------------------Air-Radioactive 
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Table 4 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1979 

Number 
of 

Ranged Percent 
Location SamEles (10-17 l:!Ci/ml) 

Averagea,c,d,e 

(l0-17 l:!Ci/ml) of RCGb 

101 

102 

10 3 

104 

105 

108 

110 

111 

112 

115 

118 

122 

123 

124 

4 0.06 

4 0.46 

4 0.13 

4 0.07 

4 0.01 

4 0.02 

4 E.L. 

4 0.008 

4 0.02 

4 E.L. 

4 0.07 

12 0.14 

12 0.34 

12 0.31 

- 0.7 

- 0.87 

- 0.61 

- 0.56 

- 0.17 

- 0.11 

- 0.12 

- 0.22 

- 0.07 

- 0.04 

- 0.94 

- 0.88 

- 11 

2.9 

0.29 ± 0.54 

0.62 !: 0.34 

0.36 I 0.37 

0.35 ± 0.47 

0.09 ± 0.13 

0.06 ± 0.09 

0.05 ± 0.11 

0.11 ± 0.17 

0.04 ± 0.07 

0.003 ± 0.07 

0.35 I· 0.74 

0.37 + 0.17 

3.5 ± 2.2 

1.2 ± 0.64 

aLower Detection Limit (LDL) for 238Pu in 
samples is 0.05 X lo-17 ~Ci/ml. This is 

air for quarterly 
0.003% of the RCG. 

0.01 

0.03 

0.02 

0.02 

0.005 

0.003 

0.003 

0.006 

0.002 

0.0002 

0.02 

0.02 

0.18 

0.06 

bRadioactivity Concentration Guide 
for the soluble form of 238pu for 

-17 (RCG) = 2000 X 10 ~Ci/ml 

the general population. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

eLower Detection Limit (LDL) for 238 Pu in air for monthly samples 
is 0.15 X lo-17 ~Ci/ml. This is 0.008% of the RCG. 

incremental concentration of tritium environmental levels for plutonium-238 

and tritium in air as measured at sampler oxide measured during 1979 for all offsite 

locations, not including the environmental 

level found at sampler #119, was 0.44 x 

10-ll Ci/ml. This concentration is 0.006% 

of the RCG. The RCG used for comparison 

is the most restrictive RCG for tritium 

for the qeneral population. The results 

are summarized in Table 6. Table 1 shows 

#119. 

An onsite perimeter network consisting of 

five continuous, high-volume air samplers 

is used to further assess the effective

ness of stack emission control systems. 

The onsite sampling locations are shown 

Air-Radioactive ----------------------------
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Table 5 - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1979 

239,240Pu 238Pu 
Number a · a b 

of 
Range Average ' Average ' 

Location SamEles (10-17 !;!CiLmll (10-17 J:!Ci/ml) (10-17 !:!Ci/ml) 238Pu/239,240Pu 

101 4 0.39 - 1.7 0.87 ± 1.1 0.34 ± 0.54 0.39 

102 4 0.28 - 1.6 0.87 ± 1.0 0.67 ± 0.34 0.77 

10 3 4 0.29 - 1.7 0.85 ± 1.1 0.42 ± 0.36 0.49 

104 4 0.34 - 1.9 1.0 ± 1.2 0.40 ± 0.47 0.40 

105 4 0.29 - 1.9 0.91 ± 1.3 0.14 ± 0.12 0.15 

108 4 0.42 - 2.0 1.1 ± 1.3 0.11 ± 0.07 0.10 

110 4 0.28 - 1.9 0.95 ± 1.2 0.10 ± 0.10 0.11 

111 4 0.34 - 2.0 0.95 ± 1.3 0.16 ± 0.17 0.17 

112 4 0.21 - 1.6 0.88 ± 0.97 0.09 ± 0.04 0.10 

115 4 0.30 - 1.8 0.92 ± 1.1 0.06 ± 0.05 0.07 

118 4 0.28 - 1.9 0.99 ± 1.2 0.41 ± 0.74 0.41 

119 4 0.21 - 1.5 0.78 ± 0.96 0.05 ± 0.05 0.06 

122 12 0.22 - 1.2 0.74 ± 0.27 0.42 ± 0.16 0.57 

123 12 0.21 - 2.1 0.96 ± 0.36 3.6 ± 2.2 3.8 

124 12 0.26 - 2.0 0.98 ± 0.40 1.3 ± 0.64 1.3 

aLower Detection Limit (LDL) for 239 • 240 Pu in air for samplers 101 
through 119 is 0.04 x 1o-11 IJCi/inl, and the LDL for samplers 122 

124 is 0.08 X lo-17 IJCi/ml. The LDL for 238pu is 0.05 throu~h 
X 10- 7 IJCi/ml for samplers 101 through 119 and 0.15 x lo-17 IJCi/ml 
for samplers 122 through 124. 

bError limits are estimates of the 
means at the 95% confidence level. 

in Figure 4. Particulate samples and tri

tium samples are collected by the onsite 

samplers at approximately the same flow 

rate as the offsite samplers and are an

alyzed in the same manner. 

The-average incremental plutonium-238 con

centration measured for all locations on

site is 4.9 x lo- 17 Ci/ml which is 0.0~% 

of the RCG. The results are summarized in 

Table 7. Table 8 presents onsite concen

trations of plutonium-239, plutonium-240, 

standard error of the estimated 

and plutonium-238, including environmental 

levels, so that ·a ratio comparison between 

these radionuclides can be made. 

The average incremental onsite tritium 

oxide concentration for all locations was 

0.95 x 10-ll Ci/ml which is 0.005% of 

the RCG. The results are summarized in 

Table 9. 

The RCGs used for onsite comparisons are 

those applicable for exposed individuals 
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Location 

101 

102 

103 

104 

105 

108 

110 

111 

112 

115 

118 

122 

123 

124 

Table 6 - INCREMENTAL CONCENTRATIONS OF TRITIUM 
OXIDE IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1979 

Number 
of 

Samples 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

Tritium 

Ranged 

(10-11 l.!Ci/ml) 

E.L. - 2.83 

E.L. - 2.74 

0.04 - 4.74 

E.L. - 2.82 

E.L. - 1.68 

E.L. - 1.81 

E.L. - 0.42 

E.L. - 0.46 

E.L. - 1.28 

E.L. - 0.75 

E.L. - 1.91 

E.L. - 2.97 

E.L. - 4.18 

0.06 6.03 

Oxide 
Averaqea,c,d 

(10-11 !JCi/ml) 

0.53 ± 0.13 

1.04 ± 0.41 

0.65 ± 0.21 

0.39 ± 0.13 

0.28 ± 0.11 

0.10 ± 0.09 

o.oc. i" 0.06 

0.05 ± 0.06 

-0.22 ± 0.08 

0.03 ± 0.06 

0.29 ± 0.11 

0.62 ± 0.08 

0.76 ± 0.12 

1.1 ± 0.16 

Percent 

of RCGb 

0.008 

0.015 

0.009 

0.006 

0.004 

0.001 

0.0009 

0.0007 

0.003 

0.0004 

0.004 

0.009 

0.011 

0.016 

• 

aLower Detection Limit (LDL) for tritium oxide in air is 0.03 X 
10-11 l.!Ci/ml which is 0.0004% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 X lo-11 l.!Ci/ml •• for the general population and for soluble form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

in the population. The total amounts of 

plutonium-238 and tritium discharged to 

the atmosphere were 0.012 mCi and 3831 Ci, 

respectively. 

Air - Nonradioactive 

The Mound steam power plant is normally 

fueled with natural gas but has the capa

bility to burn fuel oil. During unusually 

cold weather, natural gas supply to Mound 

Air-Nonradioactive 
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is interrupted, and fuel oil with <1% 

sulfur content is burned. The average 

sulfur content of the fuel oil burned in 

1979 was approximately 0.5%. Approxi

mately 37,000 gal of No. 2 fuel oil were 

burned during 1979. 

Additional sources of airborne emissions 

are as follows. A water-wash, paint spray 

booth is operated intermittently in the 

Mound paint shop. Wastes from operations 

• 
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Table 7 - INCREMENTAL CONCENTRATION OF 238Pu 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1979 

Number Ranged Averagea,c,d Percent of 
Location Sam12les (l0- 17 J:!Ci/ml) no-17 J:!CiLml) of RCGb 

211 

212 

213 

214 

215 

12 0.54 - 3.3 2.1 ± 0.47 

12 0.4 - 3.7 1.6 ± 0. 71 

12 1.9 - 88 19 ± 15 

12 0.51 - 3.9 1.3 ± 0.64 

12 0.23 - 1.8 0.63 ± 0.30 

aLower Detection Limit (LDL) for 238Pu in air is 0.15 X l0-17 

~Ci/ml which is 0.00~% of the RCG. 

0.03 

0.02 

0.27 

0.02 

0.009 

bRadioactivity Concentration Guide (RCG) = 7000 X l0-17 ~Ci/ml 
for the soluble form of plutonium-238 for individuals in the 
population. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

Table 8 - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENTAL 

I LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN 1979 

239,240Pu 238Pu 

!Location 

Number a b a b Ratio of Range Average ' Average ' 

Sam121es (l0-17 J:!Ci/ml) (lo-17 J:!Ci/ml) (l0-17 J:!Ci/ml) 238Pu;239,240Pu 

211 

212 

213 

214 

215 

12 0.24 - 1.6 0.84 ± 0.31 2.2 ± 0.46 2.6 

12 0.28 - 1.2 0.83 ± 0.30 1.7 ± 0. 71 2.0 

12 0.25 - 2.1 1.1 ± 0.47 19 ± 15 17 

12 0.28 - 1.4 0.81 ± 0.29 1.4 ± 0.64 1.7 

12 0.18 - 1.5 0.79 ± 0.32 0.68 ± 0.30 0.86 

aLower Detection Limit (LDL) for 239 ' 240Pu in air is 0.08 X l0-17 ~Ci/ml. 
The LDL for 238pu is 0.15 x lo-17 ~Ci/ml. 

bError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 
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Table 9 - INCREMENTAL CONCENTRATION OF TRITIUM --------------, 
OXIDE IN AIR AT ONSITE SAMPLING LOCATIONS IN 1979 

Tritium Oxide 
Number Ranged Averagea,c,d Percent of 

Location SamEles (10-ll uCi/ml) ( 10-ll l!Ci/ml) of RCGb 

211 52 E.L. - 2.48 0.83 ± 0.17 0.004 

212 51 0.041- 2.62 0.95 ± 0.17 0.005 

213 52 0.012 - 3.74 1.35 ± 0.24 0.007 

214 52 E.L. - 4.09 0.86 ± 0.21 0.004 

215 51 E.L. - 3. 71 0.74 ± 0.21 0.004 

aLower Detection Limit (LDL) for tritium oxide in air is 0.03 
x lo-ll uCi/ml which is 0.00015% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 20,000 X lo-ll uCi/ml 
for individuals in the population and ·soluble form of t-ritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

involving explosives are disposed of by 

open burning under a permit issued by the 

Regional Air Polution Control Agency 

(RAPCA). A fire-test facility for quali

fying containers for shipping radioactive 

wastes was used only once during 1979. 

A maintenance grinding operation and a 

carpenter shop also operated on an inter

mittent basis·. Fire-fighter training 

exercises are held at an open outdoor 

facility under a burning permit issued by 

RAPCA. 

Emissions from sources registered with the 

Regional Air Pollution Control Agency 

{RAPCA) and the Ohio EPA which have appli

cable emission standards are summarized 

in Table 10. The emissions were estimated 

from emission factors established by the 

USEPA or from material balances [6]. The 

emission from the shipping-container fire

test facility is controlled with a forced 

air supply and water spray nozzles at the 

fuel-flame interface to an average equiva

lent opacity of <20%. The particulates 

from the grinding and carpenter shop opera

tions are captured by cyclone air cleaners 

rated at 95% efficiency. Nonradioactive 

airborne emissions at Mound Facility were 

all within applicable standards and had 

minimal impact on ambient air quality. 

This is further demonstrated by the par

ticulate concentration data summarized in 

Tables 11 and 12. The data presented are 

weekly particulate concentrations measured 

at Mound's offsite and onsite air-sampling 

sites. The particulate concentration at 

onsite locations is somewhat lower than at 

offsite locations. The particulate concen

tration also appears to be independent of 

--------------------------- Air-Nonradioactive 
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.---------------- Table 10 - NONRADIOACTIVE AIRBORNE EMISSIONS 1979 ------------~ 

Emission Emission 
Source Pollutant Emission Standard a 

Power House Particulates 0.01 lb/10 6 Btu 0.20 lb/10 6 Btu 
Input Input 

Power House Sulfur Oxides 0.01 lb/10 6 Btu 1.6 lb/10 6 Btu 
Input Input 

Paint Shop Organics 0.29 lb/day 40 lb/day 

Explosives Particulates "-5 lb NA 
Burning 

Fire Fighter Particulates 370 lb NA 
Training 

aOhio EPA Air Pollutidn Regulations 3745-17-01 through 3745-17-13 
and 3745-21-01 through 3745-21-08. 

NA - not applicable. 

% of 
Standard 

6 

0.6 

0.7 

NA 

NA 

The plutonium-238 river water analyses 

• 

distance from Mound. This would suggest 

no influence from Mound operations. For 

comparison purposes, the State of Ohio -

Ambient Quality Standard for airborne 

have been improved by a procedure developed. 

at Mound Facility to maximize the sensi-

particulates is also given in Table 11. 

Water - Radioactive 

Water sampling locations along the bank 

of the Great Miami River were selected 

according to guidelines recommended by 

the u.s. EPA [7]. The locations, shown 

in Figure 5, provide samples which are 

representative of river water after suit

able mixing of the effluent from Mound 

has occurred. Water samples are normally 

collected and filtered in the field at 

these locations five days per week and 

are subjected to specific analyses for 

plutonium-238 and tritium. 

Water-Radioactive 
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tivity of detection of plutonium-238 in 

water. Large-volume water samples are 

analyzed by compositing daily samples for 

a quarterly analysis. The average incre

mental concentration of. plutonium-238 

measured for all locations in the Great 

Miami River was 0.04 x l0-10 ~Ci/ml which 

is 0.0002% of the RCG for the general pop

ulation, the most restrictive standard for 

plutonium-238. These results are summarized 

in Table 13. 

Weekly composites of daily samples are 

analyzed for tritium. The average incre

mental concentration of tritium measured 

at all locations in the Great Miami River 

was at the environmental level shown in 

• 
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Table 11 - 1979 WEEKLY PARTICULATE 
CONCENTRATION DATA OFFSITEa 

Number Range Ave rag~ of 
Location .SamEles (1J9:/m3) 3 0 (1J9:/m ) 

101 

102 

103 

104 

105 

lOB 

110 

111 

112 

115 

118 

119 

122 

123 

124 

52 18 - 285 117 :!: 14 
49 23 - 290 93 :!: 13 
52 27 - 147 73 :!: 7 

52 45 - 287 112 :!: 14 

52 27 - 143 77 :!: 7" 

50 68 - 183 129 ± 8 
52 17 - 154 76 ± 7 

51 13 - 354 126 :!: 16 
52 32 - 155 86 :!: 7 
52 35 - 149 82 :!: 7 

52 31 - 25.8 94 :!: 11 
52 9 - 103 57 :!: 6 

51 22 - 117 63 :!: 5 

52 58 - 183 100 :!: 9 

51 39 - 303 89 :!: 12 

a Ohio Ambient Air Quality Standard 60 3 = lJg/m . 

bError limits are estimates of the standard error 
of the estimated means at the 95% confidence 
level. 

These data are obtained by the Mound air monitor
ing program and are indicative only of the parti
ulate air loading the Dayton metropolitan area. 
Mound particulate discharges presented in Table 
10 make a negligible contriubtion to the surround
ing area. In addition, Table 12 presents onsite 
particulate data. 

Table 12 - 1979 WEEKLY PARTICULATE CONCENTRATION DATA ONSITE 

Number Range Average of 
Location SamEles ( !:!9:/m3) 3 a 

( !:!9:Lm ) 

211 

212 

213 

214 

215 

52 44 - 217 86 :!: 

51 39 - 148 82 ± 

49 53 - 265 108 :!: 

51 17 - 127 66 :!: 

51 4 - 140 64 :!: 

aError limits are estimates of the standard 
error of the estimated means at the 95% 
confidence level . 

8 

7 

13 

6 

6 
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Table 13 - INCREMENTAL CONCENTRATION OF 
238pu IN THE GREAT MIAMI RIVER IN 1979 

Number 
238Pu 

of Range d Averageb,d,e Percent 
·Location Samples a (10-10 I:!Ci/ml) (10-10 I:!CiLml) of RCGc 

1 4 0.004 - 0.06 0.02 ± 0.05 0.0001 

2 4 E.L. - 0.03 0.01 ± 0.04 0.00005 

3 4 0.01 - 0.06 0.04 ± 0.05 0.0002 

4 4 E.L. - 0.15 0.07 ± 0.10 0.00035 

5 4 0.01 - 0.14 0.07 ± 0.10 0.00035 

acomposite large volume water samples for each location from water 
collected during CY-1979. 

bLower Detection Limit (LDL) for 238Pu in water is 0.009 x 10-lO 
~Ci/ml which is 0.000045% of the RCG. 

.. 

·cRadioactivity Concentration Guide (RCG) = 20,000 x 10-lO ~Ci/ml 
for the general population and the soluble form of plutonium-238. 

dAverage environmental level (E.L.) subtracted from data. 

eError limits are estimates of the standard error of the esti
mated means at the 95% confidence level . 

Table 1. These results are summarized 
in Table 14. 

The total amounts of plutonium-238, tri

tium, and uranium-233, 234 discharged to 

the Great Miami River were 3.2 mCi, 33.9 

Ci, and 1.2 mCi, respectively. These 

concentrations were o.06%, 1.1%, and 
0.004% of the most restrictive RCG for 

individuals in the population. It should 

be noted that a_drainage control system 

consisting of retention basins and an 

overflow pond was placed in operation dur

ing 1979 in order to reduce plutonium 

levels in plant effluents. The system 

has resulted in approximately 35% less 

plutonium-238 discharged than in 1978 . 

Uranium-233, 234, and 238 were also moni

tored at the river water sampling locations 

during CY-1979. The average incremental 

concentrations of uranium-233, 234 and 

uranium-238 were 0.0002% and 0.00002%, 

respectively, of the RCG. In addition, 

as shown in Table 15, the ratio of uranium-

233, 234 to uranium-238 is slightly greater 
than unity, which is in range of background 

ratios reported [8). This is expected as 

a result of secular equilibrium. 

Eight additional surface water locations, 

such as ponds, in all quadrants surround

ing Mound Facility as shown in Figure 5 

are sampled quarterly. These samples, 

used for plutonium-238 determination, are 

--------------------------Water-Radioactive 
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Table 14 - INCREMENTAL CONCENTRATION OF TRITIUM IN THE GREAT MIAMI RIVER IN 1979~ 

Tritium 
Number Range d Averagea,c,d 

of 
Location SamEles (10-6 

~Ci/ml) (10 - 6 
I:!Ci/ml) 

Percent 

of RCGb 

1 

2 

3 

4 

5 

42 E.L. - 0.9 E.L. 

43 E.L. - 1.7 E.L. 

43 E.L. - 1.1 E.L. 

43 E.L. - 0.8 E.L 

43 E.L. - 1.6 E.L. 

aLower Detection Limit (LDL) for tritium in water is 0.30 x 
lo-6 ~Ci/ml which is 0.03% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared 
to tritium concentration in water not us~d for drinking purposes 
= 1000 x lo-6 ~Ci/ml for the general population and the soluble 
form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (E.L.) subtracted from data. 

• 

also large volume water samples. The 

large volume of sample increases the sen

sitivity of. the analysis for plutonium. 

Facility site in order to achieve compli

ance of this water source with new EPA 

Interim Primary Drinking Water Regulations 

which became effective in June 1977 for 

public water systems. The background 

• 
A smaller aliquot (10 ml) was taken which 

was adequate for the tritium analysis. 

The average concentrations of plutonium-

238 and tritium for all locations were 

0.02 x l0- 10 ~Ci/ml and 0.1 x 10-6 ~Ci/ml, 

respectively, which are 0.0001% and 0.01% 

of the respective RCG for the general 

population. The results of the surface 

water samples are summarized in Tables 16 

and 17. Environmental levels (Table 1) 

have been subtracted from the concentra

tion of plutonium and tritium in water. 

During 1979, Mound continued a previously 

reported program of reducing the concen

tration of tritium in the local area of 

the Buried Valley Aquifer adjacent to the 

Water-Radioactive 
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level of tritium in the aquifer had been 

increased by past tritium operations at 

Mound. In response to this situation, 

releasing tritium process liquid efflu-

ents to the environment discontinued 

a number of years ago. The reduction of 

tritium in the aquifer has since been 

achieved by forced water turnover involv

ing high-volume pumping of two high-capacity 

wells and induced infiltration of water 

from the Great Miami River. 

The EPA drinking water regulations, promul

gated in July 1976, reduced the federal 

standard for tritium by a factor of SO . 

• 
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Table 15 - INCREMENTAL CONCENTRATION OF 233 • 234 u AND 238 u IN THE GREAT MIAMI RIVER IN 1979 

238u 233,234u 
Number 

of Rangee Averagea,b,c,e Percent Range Averagea,b,c,e Percent Ratiod 

Location Samplesa (lo- 10 ~Ci/mll (lo- 10 ~Ci/mll of RCGf,g (10-lO uCi/mll (10-lO lJCi/ml) of RCGf,g 233,234U/238U 

1 

2 

) 

4 

5 

4 E.L. - 2.1 1.0 . 4.6 0.001 E.L. - 1.8 0.3 t 3.4 0.00008 1.1 

4 E.L. - 1.2 E.L. E.L. - 0.3 E.L. 1.1 

4 E.L. - 0.7 E.L. E.L. - 0.2 E.L. 1.1 

4 E.L. - 1.8 0.1 ! 4.6 0.0001 E.L. - 0.8 E.L. 1.1 

4 E.L. - 1.3 E.L. E.L. - 0.6 E.L. 1.1 

aComposite large volume water samples for each location. 

bLower Detection Limit (LOLl for 233 • 234 u and 238 u in water is 0.14 x l0- 10 ~Ci/ml and 0.09 x l0- 10 uCi/ml, 
respectively. 

cError limits are estimates of the standard error of the estimated~means at the 95% confidence level. 

dA ratio slightly greater than unity indicates naturally occurring uranium [10). Does not have environ-
mental levels subtracted. 

eAverage environmental level (E.L.) subtracted from data. 

fDOE Concentration Guide (RCGl for 233 • 234 u = 100,000 x lo- 10 uCi/ml for the general population. 

9ooE Concentration Guide (RCG) for 238 u = 400,000 x lo- 10 1.1Ci/ml for the general population. 
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rTable 16 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN SURFACE WATER IN 1979--. 

238Pu -Number 
of Range Averageb,d,e Percent 

Location SamElesa (10-10 uCi/ml)d (10-10 uCi/ml) of RCGC 

10 

11 

12 

13 

14 

15 

16 

17 

4 E.L. - 0.04 0.02 ± 0.03 0.0001 

4 0.01 - 0.03 0.02 ± 0.02 0.0001 

4 0.02 - 0.03 0.02 ± 0.01 0.0001 

4 0.002 - 0.06 0.02 ± 0.04 0.0001 

3 0.01 - 0.03 0.02 ± 0.03 0.0001 

4 0.004 - 0.02 0.01 ± 0.02 0.00005 

3 0.006 - 0.01 0.01 ± 0.01 0.00005 

4 0.03 - 0.06 0.04 ± 0.02 0.0002 

acomposite large volume water samples were -used for each location. 

bLower Detection Limit (LDL) for 238 Pu in water is 0.009 X 10-lO uCi/ml 
which is 0.000045% of the RCG. 

cRadioactivity Concentration Guide (RCG) for 238 Pu in water = 20,000 x 
lo-10 uCi/ml for the genezalpopulation and soluble form of plutonium-
238. 

dAverage environmental level (E.L.) subtracted from data. 

eError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

I 

This drastic reduction resulted in Mound's 

three wells and eight offsite wells being 

out of compliance. Mound's pumping pro

gram to remove the tritiated water from 

the aquifer brought Mound's three wells 

into compliance with the new tritium stan

dard in September 1977 and five of the 

affected offsite public wells in April 

1978. Although private wells were tech

nically not regulated by the new EPA 

standard, Mound continued its tritium re

duction program a;.J by December 1979 

achieved the new standard for three pri

vate wells that had also been affected. 

The average concentration of tritium in 

all eight affected offsite wells during 

1979 was 12 x 10-6 uCi/ml or 40% below the 

EPA standard. Periodic pumping of the 

aquifer will be continued to maintain the 

wells in compliance until continuing 

studies indicate that the program can be 

terminated. Additional details concern

ing this program have been reported by 

Styron and Meyer [9]. Analysis results on 

the private wells are summarized in Table 

18. 

Water-Radioactive 
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Drinking water from communities in the 

surrounding area is sampled and analyzed 

quarterly for tritium. These communities 

and their relative locations are shown in 

Figure 1. The average concentration of 

• 

• 
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Table 17 - INCREMENTAL CONCENTRATION OF TRITIUM IN SURFACE WATER IN 1979 -1 
Tritium 

Number Range Averagea,b,d,e Percent of 
Location SamEles (lo-10 I:!Ci/ml)d (lo-10 I:!Ci/mll of RCGc 

10 

11 

12 

13 

14 

15 

16 

17 

4 E.L. - 0.9 0.1 ± 1.0 0.01 
4 · E.L. - 0,7 E.L. 
4 E.L. E.L. 
4 E.L. - 0.05 0.1 ± 0.6 0.01 
4 E.L. - 0.7 0.4 ± 0.7 0.04 
4 E.L. - 0.5 E.L. 
4 E.L. - 0.2 E.L. 
4 E.L. - 1.1. 0.3 ± 1.2 0.03 

aLower Detection Limit (LDL) for tritium in water is 0.3 x 10-6 ~Ci/ml 
which is 0.03% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared to 
tritium concentration in water not used for drinking purposes = 
1000 x 10-6 ~Ci/ml for the general population and soluble form 
of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAve rage environmental level (E .L.) subtracted from data . 

Table 18 - TRITIUM IN PRIVATE WELLS IN 1979 

Number Tritium 

of Rangee Averagea,b,d,e Percent· 
Location SamEles (lo-6 ~Ci/ml) (1 o-6 ~Ci/ml) StanC!arac 

B-1 34 13.9 - 26.9 19.3 + 1.3 97 

B-2 12 10.3 - 14.9 11.1 + 2.1 56 -
B-3 12 10.4 - 13.6 11.8 + 0.7 59 -
J-1 12 8.3 - 15.7 12.0 + 1.4 60 -

aAll wells are approaching compliance with the new EPA standard of 
20 x 10-6 ~Ci/ml. . 

bLower Detection Limit (LDL) for tritium in water is 0.3 x 10-6 ~Ci/ml 
which is 1.5% of the EPA Standard; 

cEPA Standard for tritium in community drinking water systems = 20 x 10-6 

~Ci/ml. Mound is using the EPA Standard as a guide for the private 
water supplies. 

dError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

eEnvironmental level is included in these data for comparison to the EPA 
standard . 

I 
I 

I 
I 
I 
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tritium for all locations was 1.0 x 10-6 

uCi/ml which is 5% of the standard adopted 

by the U. S. EPA in 1977 for community 

drinking water systems. Data from the 

analyses of community drinking water 

samples are summarized in Table 19. The 

environmental level in Table 1 for tri

tium in water is not subtracted from 

these data. 

Four private wells and Miamisburg city 

water were sampled and analyzed quarterly 

for plutonium-238. These samples were 

also large volume water samples. The 

average plutonium-238 concentration for 

these locations was 0.013 x 10-lO ~Ci/ml 

~Table 19 - SUMMARY OF TRITIUM LEVELS 

Number 

which is 0.00007% of the applicable DOE 

RCG for the general population. These 

results are shown in Table 20. 

Water - Nonradioactive 

Mound Facility has a discharge permit under 

the National Pollutant Discharge Elimina

tion System (NPDES) issued by Region V of 

the U. S. EPA. The permit specifies limi

tations for pollutants in the two effluent 

streams from Mound that discharge to the 

Great Miami River. The discharge from out

fall number 001 includes the discharge 

from the sanitary waste treatment plant, 

radioactive waste disposal facility, 

IN COMMUNITY DRINKING WATER IN 1979 
Tritium 

of Range d Averagea,c,d 

s~=~~=~~b Locations SamEles (l0-6 ~Ci/ml) (lo-6 l:!Ci/ml) 

Bellbrook 4 0.4 - 1.0 0.7 + 0.5 3.5 

• 

- • Centerville 4 0.2 - 1.2 0.7 + 0.7 3.5 -
Dayton 4 0.2 1.3 0.7 + 0.8 3.5 -
Franklin 4 0.6 - 1.0 0.8 + 0.3 4.0 

Germantown 4 0.5 - 1.6 1.0 + 0.8 5.0 -
Kettering 4 0.3- 1.9 1.0 + 1.1 5.0 -
Hiamisburg 4 1.5 - 5.1 2.8 + 2.5 14 -
Middletown 4 0.5 - 0.8 0.6 + 0.3 3.0 -
Moraine 4 0.3 - 1.0 0.6 + 0.5 3.0 -
Springboro 4 0.5 2.9 1.5 + 1.7 7.5 -
Waynesville 4 0.2 - 0.7 0.4 + 0.3 2.0 

West Carrollton 4 1.1 - 1.7 1.4 + 0.4 7.0 -

aLower Detection Limit (LDL) for tritium oxide is 0.3 x 10- 6 ~Ci/ml which is 
1.5% of the EPA Standard for community drinking water. 

bEPA Drinking Water Standard for tritium = 20 x 10-6 ~Ci/ml for community 
drinking water systems. 

cError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

dEnvironmental level is included in these data for comparison to the EPA 
standard. 
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r------- Table 20 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 IN PRIVATE 
WELLS AND MIAMISBURG MUNICIPAL DRINKING WATER IN 1979 

Number 
238Pu 

Percent of a Ran gee Averageb,d,e 
Location SamEles (lo-10 11 ci/ml) (lo-10 1.1Ci/ml) of RCGC 

Miamisburg 4 E.L. 0.013 0.003 + 0.013 0.00002 -
B-1 4 E.L. - 0.009 0.004 + 0.011 0.00002 -
B-2 4 E.L. - 0.019 0.007 + 0.014 0.00004 -
B-3 4 0.002 - 0.02 0.011 + 0.013 0.00006 -
J-1 4 0.002 - 0.14 0.042 + 0.11 0.002 -

aComposite large volume water samples were analyzed from each location 
from water collected during CY-1979. 

bLower Detection Limit (LDL) for 238Pu is 0.009 x 10-lO 11Ci/ml which is 
0.000045% of the RCG. 

cApplicable DOE Radioactivity Concentration Guide (RCG} for 238Pu in water 
= 20,000 x 10-10 11Ci/ml for the general population and soluble form of 
238pu. · 

dError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

eAverage environmental levels (E.L.) subtracted from data . 

single-pass cooling water, zeolite softener 

backwash, boiler-plant blowdown, and some 

storm water runoff. The discharge from 

outfall number 002 consists of single-pass 

cooling water, cooling-tower blowdown, 

zeolite softener backwash, and most of the 

stormwater runoff. A 24-hr composite sam

ple of each effluent stream is collected 

automatically. The volume of samples 
collected is proportional to the flow in 

the stream. The composite effluent water 

samples are analyzed for water quality 

parameters according to-standard methods 

[10]. The results of effluent stream 

analyses for 1979 are summarized in Tables 

21 and 22. 

The suspended solids limitation for dis

charge 001 was exceeded during the months 

of September and October. The exceptions 

were the result of an unusual perturbation 

at the sewage treatment plant caused by 

the introduction of boiler cleaning solu

tions during unanticipated high flows. The 

unanticipated high flows prevented the 

planned slow introduction of the boiler 

cleaning solutions into the sewage treat

ment plant influent. The boiler cleaning 
solutions contained high concentrations of 

precipitated ferric hydroxide that were not. 

adequately removed by the biological treat

ment process. A sample of the suspended 

solids from discharge 001 during this 

period was analyzed for iron; over 80% of 

the suspended solid matter consisted of 

iron oxide or rust. Although the iron 

oxide did not represent a significant pol

lutant to the environment, more frequent 

___________________ Water-Radioactive/Nonradioactive 
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Table 21 - 1979 NATIONAL POLLUTANT DISCHARGE ELIMINATION 
SYSTEM PERMIT DATA FOR STATION 001 

No. 
Parameter SamEles Minimum Maximum -

Flow, MGDa Reported Cont. 0.06 0.45 
Permit 0.92 

BODS Reported 92 0.7 9.4 
Permit 15 

Suspended Reported 113(89)c 0.3 120(16)c 
Solids Permit 15 

Dissolved Reported 177 7.6 12.8 
Oxygen Permit 

Residual Reported 104 NOb 0.4 
Chlorine Permit 0.5 

Oil and Reported 96 0.14 4.6 
Grease Permit 10 

pH Reported 250 6.9 9.0 
Permit 6.0 9.0 

Organic d Reported 43 NO 25 
Carbon 

Average 

0.18 
0.53 

3.9 
10 

l 

10.9(7.0)c 
10 

10.1 
>5 

0.14 

1.3 

6.1 

aMGD - million gallons per day. All other values are in milligrams per liter. 

bND - none detectable. 

cSeptember and October data omitted. 
d . 

March through September, instrument down. 

Table 22 - 1979 NATIONAL POLLUTANT DISCHARGE ELilUNATION 
SYSTEM PERMIT DATA FOR STATION 002 

No. 
Parameter SamEles Minimum Maximum 

Flow, MGDa Reported . Cont. 0.14 1.4 
Permit 

Suspended Reported 26 0.7 18.5 
Solids Permit 20.0 

Dissolved Reported 215 7.0 14 .o 
Oxygen Permit 

Residual Reported 25 NOb 0.02 
Chlorine Permit 0.05 

Oil and Reported 60 0.1 3.6 
Grease Permit 10.0 

pH Reported 235 7.7 8.8 
Permit 6.0 9.0 

Dissolved Reported 40 576 1784 
Solids Permit 2000 

Average 

0.42 
0.53 

10.7 
15 

10.4 
>5.0 

NO 

1.2 

1090 
1500 

aMGD - million gallons per day. All other values are in milligrams per liter, 
except pH. 

bND - none detectable. 
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removal of sludge from the system and 

pumping of sludge from the sludge digester 

into drying beds was implemented to expe

dite the return of the plant to more nor

mal operating conditions. The plant 

returned to normal operating conditions 

within five weeks. No other permit limi

tations were exceeded during this period. 

These data show that Mound releases to 

the Miami River did not cause the Ohio 

Stream Standards to be exceeded. 

Foodstuffs and vegetation -

Radioactive 

Various locally grown foodstuffs and 

vegetation samples are collected from the 

surrounding area. The intent of this 

portion of the Environmental Monitoring 

Program is to determine whether there is 

any significant uptake and concentration 

of radionuclides by plant or animal life. 

The sampling sites were changed during 

1979. Samples were collected in Miamis

burg, Centerville, and Bellbrook. Center
ville and Bellbrook are in the prevailing 

wind direction from Mound at a distance of 

5 mi and 10 mi respectively. These com

munities are shown in Figure 1. Fish were 

collected in the Great Miami River down

stream of Mound's outfall into the Great 

Miami River. The area where the fish were 

taken can be seen in Figure 5. The plu
tonium-238 content of the foodstuff and 

vegetation samples is determined by ash

ing the samples and then proceeding with 

the same techniques used for plutonium-238 

analyses of air samples (see section on 

Air - Radioactive). The tritium content 

of the foodstuff and vegetation samples 

is determined by distilling the water from 

the sample and then analyzing the distil

late for tritium. The results of the food
stuff, vegetation, and fish analyses are 
summarized in Tables 23 and 24. The con

centration is given in terms of the sample 

weight (net weight) before ashing or dis

tilling. The samples of aquatic life an

alyzed·- included only the edible fleshy 

portions of fish. These analyses indicate 

no evidence that there is any significant 

uptake or concentration by plant or animal 

life of the radionuclides handled at Mound 

Facility. Environmental levels for food
stuffs and vegetation have been subtracted 

from the data (Table 1) . 

Silt - Radioactive 

Silt samples were collected from the sur

face water sample locations shown in Fig

ure 5. 

The results of the silt sample analyses 

are found in Tables 25 and 26. No offsite 

soil sampling was conducted in CY-1979 

since the soil inventory was completed and 

reported for CY-1977, and there is no evi

dence of other than minimal uptake of plu

tonium-238 by plants from soil [11) . 

Foodstuffs, Vegetation, Silt 
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Table 23 - INCREMENTAL PLUTONIUM-238 IN FOODSTUFFS 
AND VEGETATION IN 1979 

P1utonium-238 Type Number a d A;erag~a,b,c,d of of Ran~e ' 
Location SamEle SamE1es ( 10- ~Ci/9:) (10- uCi/9:l 

Miamisburg Grass 8 E.L. - 0.0008 0.00003 + 0.0009 -
Potatoes 4 E.L. E.L. 

Centerville Grass 8 E.L. - 0. 003 0.00007 + 0.0013 

Potatoes 4 E.L. E.L. 

Bellbrook Grass 8 E.L. - 0.0004 E.L. 

Potatoes 4 E.L. - 0.0003 E.L. 

Mound 
Facility Fish 8 0.0001 - 0.0007 0.0004 + 0.0002 
(outfall -
to river) 

aAverage environmental level (E.L.) subtracted.from data. 

bError limits are e~timates of the standard error of the estimated means 
at the 95% confidence level. 

CLower detection lim1t (LDL) for plutonium-238 in these samples is 
0.0009 X lo-6 ~Ci/g. 

dMany of these results were at the LDL level; however, the actual values 
were used in the averages as explained earlier in this report. 

Table 24 - INCREMENTAL CONCENTRATION OF 
TRITIUM IN VEGETATION IN 1979 

Type Number 
Tritium 

of of Rangec 
Location SamEle SamEles (lo-6 ~Ci/9:> 

Miamisburg Grass 8 0.92 2.0 

Tomatoes 4 0.47 - 0.69 

Centerville Grass 8 0.54 - 1.1 

Tomatoes 4 0.16 - 0.23 

·Bellbrook Grass 8 0.27 - 1.0 

Tomatoes 4 0.48 - 0.53 

aLDL for tritium in grass is 0.03 x 10- 6 uCi/g. 

bLDL for tritium in tomatoes is 0.02 x 10-6 uCi/g. 

Aver~gea,b,c,d 

(10- ~Ci/9:l 

1. 32 + 0.4 -
0.59 + 0.14 -
0.88 + 0.24 -
0.20 + 0.04 -
0.53 + 0.24 -
0. 51 + 0.04 -

cAverage environmental levels have been subtracted from data. 

dError limits are estimates of the standard error of the estimated means at 
the 95% confidence level. 
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Table 25 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN SILT FROM RIVER MONITORING LOCATIONS IN 1979 

Number 238Pua,b,c 
of 

Location Samples (10-6 ]JCi/g:) 
1 

2 

3 

4 

5 

1 0.0006 

1 0.01 

1 0.81 

1 0.42 

1 0.07 

aLower Detection Limit (LDL) for 238Pu 
in silt is 0.0009 x 10-6 lJCi/g. 

bNo error limits as only one sample was 
collected. 

cAverage environmental level (E.L.) 
subtracted from data. 

Table 26 - INCREMENTAL CONCENTRATION OF PLUTONIUM-238 
IN SILT FROM SURFACE WATER MONITORING LOCATIONS IN 1979 

238Pu 238Pu 
Number Rangec Averagea,b,c 

of 
Location Sa!!JEles (10-6 lJCi/g:l -6 ( 10 lJCiL:g:l 

10 

11 

12 

13 

14 

15 

16 

17 

4 E.L. - 0.0005 0.0002 ± 0.0009 

3 E .. L. - 0.003 0.0008 ± 0.0057 

4 0.0003 - 0.003 0.0011 ± 0.0023 

1 0.0013 

3 E.L. - 0.0001 E.L. 

3 0.001 - 0.004 0.0019 ± 0.0036 

4 E.L. - 0.003 0.0008 ± 0.0028 

1 0.0612 

aLower Detection Limit (LDL) 238 -6 for Pu is 0.000.9 x 10 
lJCi/g. 

bError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 

cAverage environmental levels (E.L.) have been sub
tracted from data • 
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Evaluation of dose 

commitment to the public 

A dose assessment was performed for radio

nuclides in the environment from Mound 

Facility operations. These radionuclides 

are plutonium-238 and tritium·. Tritium 

(oxide) is the only radionuclide at Mound 

Facility for which the critical organ is 

the whole body. The critical organs for 

plutonium-238 are assumed to be the lung 

for insoluble material and the bone for 

soluble material. The solubility of 

plutonium-238 in the receptor is unknown: 

therefore each dose evaluation for both 

lung and bone were based on total incre

mental concentration of plutonium-238 

found in the environment. This approach 

gives a very conservative or over estimate 

of the dose commitment. 

The term "dose commitment" as used in this 

report is that cumulative dose for a per

iod of 50 yr from 1 yr of exposure to a 

given radionuclide. 

Plutonium-238 assumptions 

to the site boundary. The maximum dose 

commitment to the lung in population 

group(s) was based on the maximum offsite 

average incremental concentration of plu

tonium-238 in air (sampler 123, Table 4) • 

The estimates for maximum dose commitment 

to the bone at the site boundary and in 

individuals were also based on the maximum 

onsite average incremental concentration 

• 

of plutonium-238 in air and the maximum 

offsite average concentration of plutonium-

238 in drinking water (J-1, Table 20). The 

maximum dose commitment to the bone for 

individuals in population group(s) was based 

on the maximum offsite average incremental 

concentration of plutonium-238 in water 

(Miamisburg drinking water, Table 20). The 

total dose commitment for bone was obtained 

by the addition of the dose commitment of 

plutonium in air and the dose commitment of 

plutonium in water. • The terms "maximum dose commitment at the 

site boundary" and "maximum·dose commitment 

to individuals" refer to the maximum dose 

commitment possible for individuals to 

receive assuming they remain at the site 

boundary 24 hr/day and 365 days/yr. The 

and methodology term "maximum dose commitment for indi vid

uals in population group(s)" refers to those 

The dose commitment estimates for plutonium- individuals who reside in a location adja-

238 were based on environmental monitoring cent to Mound Facility who receive the max-

data for CY-1979. The estimates for maxi

mum dose commitment to the lung at the 

site boundary and maximum dose commitment 

to the lung in individuals were based on 

the maximum onsite incremental average 

concentration of plutonium-238 in air from 

onsite samplers (sampler 213, Table 7) 

since the samplers are in close proximity 
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imurn dose commitment values found in the 

offsite environment. 

The calculational methods can be found in 

the Appendix. The results of the dose 

commitment estimate calculations are shown 

in Table 27. 
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Table 27 - DOSE COMMITMENT ESTIMATES 

Tritium Oxide 
Plutonium-238 (mrem/50 ;:x:r> fmrem/50 :z::r> 

% of 
Applicable 

Lung DOE Standard Bone 

Maximum dose 
equivalent at the 1.21 8.06 
site boundary 

Maximum dose 
equivalent to an 1.21 0.08% 8.06 
individual 

Maximum dose 
equivalent-to an 
individual in the 0.22 0.04% 1.49 
population 
group(s) 

The data indicate that in all cases of 

dose commitment comparisons, the dose 

commitments are well within 1% of the DOE 

standard. In addition, to provide a rela

tive comparison of these dose commitment 

values, the maximum dose to the lung of 

an individual around Mound Facility is 

1.21 mrem/50 yr. This would be equivalent 

to the additional dose to an individual 

smoking 1.8 cigarettes /yr [12] or visit

ing a friend who lives in a brick house 

for 1.4 days [13] (as compared to living 

in a wooden house). 

Tritium (oxide) assumptions 

and methodology 

The dose commitment estimates for tritium 

(oxide) were also based on environmental 

monitoring data for CY-1979. The concen

trations used for dose commitment estimates 

for tritium (oxide) were arrived at by the 

% of % of 
Applicable Applicable 

DOE Standard Whole Bod;:x: DOE Standard 

1.32 

0.5% 1.32 0.3% 

0.3% 0.21 0.1% 

same method as that used for plutonium. 

The maximum average onsite air incremental 

concentration was measured at sampler 213 

(Table 9), and the maximum drinking water 

incremental concentration was the average 

of B-1, B-2, and B-3 (Table 18). The max

imum average offsite air incremental con
centration was measured at sampler 124 

(Table 6), and the maximum incremental 

concentration of drinking water for indi

viduals in a population group was Miamis

burg drinking water. The total dose com

mitment for the whole body was obtained 

by addition of the dose commitment of tri

tium (oxide) in air and the dose commit

ment of tritium (oxide) in water. The 

calculational methods can be found in the 

Appendix. The results of the dose commit

ment estimate calculations are shown in 

Table 27. 

The tritium data also indicate dose com

mitment levels well within 1% of the DOE 

standards. For example, the maximum 

--------------------------Dose Commitment 
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whole body dose commitment to an individ

ual around Mound Facility from tritium is 

1.32 mrem. This value is equivalent to 

the additional dose to an individual from 

Ohio taking a 4.4 day vacation in Colorado 

[ 14 J • 

Environmental data indicate that Mound's 

influence does not reach 32 km (20 mi); 

however, 32 km (20 mi) will be the assumed 

limit for Mound's impact. This, coupled 

with the assumption of 360° atmospheric 

diffusion to 32 km (20 mi), provides a 

high degree of conservatism or over esti

mation of Mound's impact. 

The person-rem dose commitment estimate 

calculations were based on average tritium 

(oxide) data from environmental air sam

pling stations and average tritium (oxide) 

data in community drinking water. 

The average concentration of tritium 

(oxide) in air was obtained by averaging 

all offsite tritium air samplers less the 

concentration found at sampler #119. From 

this average concentration a dose commit

ment was determined and multiplied by the 

number of people from 0 to 32 km (20 mi). 

The person-rem from tritium (oxide) in 

community water was based upon average 

concentrations of tritium (oxide) in vari

ous community water supplies, less 

Dose Commitment 
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appropriate environmental levels, and 

weighting these concentrations with re

spective populations. 

The calculations for the air and water 

dose commitment estimates ar·e shown in 

the Appendix. 

It is estimated that the total population 

from 0 to 32 km (20 mi) is receiving 13 

person-rem from Mound's emissions. The 

remaining population from 32 km to 80 km 

(20 to 50 mi) is not receiving any dose 

commitment from tritium .(oxide) emis

sions. 

For comparison, the person-rem values from 

natural radiation, including cosmic rays 

and terrestrial radiation, would be approx

imately 320,000 person-rem for the 0 to 80 

• 

km (SO mi) range [15). The dose commitment 

from natural background tritium alone is • 

80 person-rem for the 0 to 80 km range. 
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Appendix 
Applicable standards 

RADIOACTIVE STANDARDS 

In conformance with DOE Manual Chapter 
0524, "Standards for Radiation Protection," 

offsite sample results are compared with 

RCG's established for the general popula

tion. These RCG's are derived by dividing 

the RCG's for an uncontrolled area by 

three. 

Onsite sample results are compared with 

the uncontrolled area RCG's which are 

applicable for individuals in the popu
lation .. 

The RCG values (in microcuries per milli

liter - ~Ci/ml) used for comparison pur

poses for the various types of samples 

in this report are listed below. In all 

cases, these are the most restrictive 

RCG's. 

Plutonium-238 (Soluble Form) 

Air 

General Population 2 X lo-14 lJCi/ml 

Uncontrolled Area 7 X lo-14 
~Ci/ml 

(Individuals in 

the Population) 

Water 

General Population 2 X 10-6 l!Ci/ml 

Uncontrolled Area 5 X 10-6 l!Ci/ml 

( I.ndi vi duals in 

the Population) 

Tritium (Soluble Form) 

Air 

General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

7 X 10-8 ~Ci/ml 

2 X 10-7 \JCi/ml 

Water (DOE RCG is compared to water not 

used for drinking purposes) 

General Population 1 x 10- 3 ~Ci/ml 

Uncontrolled Area 3 x 10- 3 l!Ci/ml 

(Individuals in 

the Population) 

As of June 24, 1977, community drinking 

water quality is regulated by the EPA 

National Interim Primary Drinking Water 

Regulations for Radionuclides. The new 
standard = 20 x 10-6 ~Ci/ml (20,000 pCi/1). 

Foodstuffs There are no RCG values speci

fied for foodstuffs. 

Soil There are no guidelines established 

for radioactive species in soil. (The 

U. S. EPA has guidelines under consideration.) 

NONRADIOACTIVE STANDARDS 

Water Region V of the USEPA has issued 

a discharge permit under NPDES regulations 

cover~ng both Mound Facility liquid 
effluent streams. The discharge limita

tions for each effluent stream are as 

follows: 
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Outfall Number 001 

Flow (106 gal/day) 

BODS . (mg/li ter) 

Suspended Solids 
(mg/liter) 

Dissolved Oxygen 
(mg/liter) 

Residual Chlorine 
(mg/liter) 

Oil and Grease 
(mg/li ter) 

pH 

Outfall Number 002 

Flow (10 6 gal/day) 

Suspended Solids 
(mg/liter) 

Dissolved Oxygen 
(mg/li ter 

October-April 

May-September 

Residual Chlorine 
(mg/li ter) 

Oil and Grease 
(mg/liter) 

Dissolved Solids 
(mg/liter) 

pH 

Daily 
Averas:e 

0.53 

10 

10 

5 

6-9 

Daily 
Averas:e 

0.53 

15 

8 

5 

1500 

6-9 

Daily 
Maximum 

0.92 

15 

15 

0.5 

10 

Daily 
Maximum 

20 

0.05 

2000 

The Ohio EPA has established Water Quality 

Standards (3745-1-01-3745-1-09). The 

standards listed below are excerpted from 

these regulations. These standards are 

stream standards and apply to a stream 

beyond a suitable mixing zone permitted 

for discharges. They should not be com

pared with effluent concentrations. 

Constituent 

Dissolved Oxygen 

pH 

Fecal Coliform 
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Average 
Concentration 

(mg/liter) 

5.0 

6-9 

200 per 100 ml 

Constituent 
Dissolved Solids
Ammonia 

Arsenic 

Barium 

Cadmium 

Chloride 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 

Manganese 

Mercury 

Oil and Grease 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

Average 
Concentration 

(mg/li ter) 

1500 
1.5 

0.05 

0.8 

0.005 

250 

0.05 

0.005 

1.3 

0.5 

1 

0.04 

1 

0.0005 

5 

0.01 

0.005 

0.001 

0.005 0.075* 

0.075 - 0.5* 

*Dependent on Caco 3 hardness. 

Dose commitment calculations 
PLUTONIUM-238 CALCULATIONAL METHODS 

• 

• 
The dose commitment to the lung resulting 

from inhalation of airborne plutonium-238 

was calculated by: 

D (t) = 
,\m 

where 

D(t) = 50-yr dose commitment delivered 

to the lung in 365 days of con

tinuous exposure to plutonium-

238 in air, rem/50 yr 

C average airborne concentration, 

JJCi/ml 

• 



• 

• 

• 

Ia =average air intake ~-2 x 107 ml/day where 

[1] 

t 1 = time exposed, 365 days 

t 2 = duration of dose, 50 yr 

fa = fraction of inhaled material 

reaching organ of interest= 0.7 

(max.) for the pulmonary region 

(2] 

fr = fraction of pulmonary deposi~ 

tion undergoing long-term re

tention= 0.6 for actinide 

(class Y) [2] 

ZEF(RBE)n = effective energy deposition 

per disintegration = 57 [l] 

m 

effective decay·rate, 0.0014 

day-1 for actinides (class Y) 

from the pulmonary region [3] 

lung mass, 1000 g [1] 

The dose commitment to bone resulting 

from inhalation of airborne plutoniwn-238 

was calculated by: 

0 ( t) 

where 

fa 
I:EF(RBE)n 

m 

5l.lCiafatlEEF(RBE)n (l-e-At
2

) 

Am 

0.2 (1] 

284 [1] 

7 X 103 g (1] 

3 x 10- 5 day-l (1] 

The dose commitment to bone resulting from 

ingestion of plutoniwn-238 in water was 

calculated by: 

D ( t) 
Am 

Iw = average ~uantity 

intake, 2200 cm3 

2.4 X 10-5 (1] f = a 

of water 

[ 1] 

TRITIUM OXIDE CALCULATIONAL METHODS 

The dose commitment to the whole body re

sulting from exposures to tritium (oxide) 

in air was calculated by: 

D(t)a Ca 
= Ra X S 

where 

D(t)a dose commitment, mrem/50 yr 

Ca = average concentration of 

tritium (oxide) in air 

Ra = RCG for tritium (oxide) in 

air [4] 

S Radiation protection stan

dard in mrem/50 yr (4] 

The dose commitment to the whole body re

sulting from uptake of tritium (oxide) in 

water was calculated by: 

D(t)w Cw 
Rw X 5 

where 

D(t}w = dose equivalent in mrem/50 yr 

cw = average concentration 

Rw = RCG for tritium (oxide) in 

water [4] 

S = radiation protection stan

dard in mrem/50 yr [4] 

These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the 
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International Commission on Radiological 

Protection [5] and the National Council 

on Radiation Protection Measurements [6]. 

PERSON-REM CALCULATIONS 

The equations used for this calculat.ion 

were: 

D(t)a 

where 

D(t)a 

Ca 

Ra 

s 

D(t)w 

where 

D(t)w 

Cw 

Rw 

s 

Ca 
Ra X S 

dose commitment from tritium 

(oxide) in air 

average tritium (oxide) con

centration in air 

RCG for tritium (oxide) in 

air [4] 

radiation protection stan

dard for tritium (oxide) in 

air in mrem/50 yr [4] 

Cw x S 
Rw 

dose commitment from tritium 

(oxide) in water 

average tritium (oxide) con

centration in water 

RCG for tritium (oxide) in 

water [4] 

radiation protection stan

dard for tritium (oxide) in 

water, mrem/50 yr [4] 
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These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the In

ternational Commission on Radiological 

Protection [5) and the National Council on 

Radiation Protection and Measurements [6]. 

The total person-rem from 0 to 32 km is 

obtained by: 

where 
32 
~R 
0 

- J"l 
D(t)al:P 

0 

3 2 ) 
~ (o<tlwP = 

person-rem within 32 km 

average dose commitment x 

population from 0-32 km 

(895,941) 

summation of dose commitments 

x respective population from 

0-32 km 
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Foreword 
This report was prepared by the Environmental Assessment and Planning Section of the 

Safety and Environmental Technology Function in the Administrative Services Department 
at Mound Facility. Sample analyses and data reduction were performed by the Environ

mental Laboratory Group of the Environmental Assessment and Planning Section. Partic
ulate samples offsite are collected by the Air Pollution Control Section of the Mont
gomery County Combined General Health District which acts as the Regional Air Pollution 
Control Agency in this area for the Ohio Environmental Protection Agency. 
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Introduction 
Mound Facility is situated on 180 acres 

of land in Miamisburg, Ohio. This loca

tion is approximately 16 km (10 mi) 

southwest of Dayton. The predominant 

geographical feature in the five-county 

region surrounding the Facility is the 

Great Miami River which flows from north

east to southwest through Miamisburg. 

This river valley area is generally 

highly industrialized. The remainder of 

the region is predominantly agricultural 

with some light industry and scattered 

residential communities. The location 

and population of these communities are 

shown in Figure 1. Figure 2 shows the 

population distribution around Mound 

Facility. Drinking water for the area 

is obtained from a buried valley aquifer 

which generally follows the Great Miami 

River. The primary agricultural activity 

in the area is raising field crops such 

as corn and soybeans. Approximately 10% 

of the land area in agricultural use is 

devoted to pasturing livestock [1). 

Weather conditions in the area are moder

ate. The average annual precipitation is 

approximately 91 em (36 in.) and is 

evenly distributed throughout the year. 

Winds are predominantly from the south 

or west except during the summer months 

when a higher frequency is recorded from 

out of the southwest. The wind speed 

averages about 16 km/hr (10 mi/hr) annu

ally [2). Figure 3 shows the wind rose 

compiled at Wright Patterson AFB which 

is located approximately 13 miles north

east from Mound. 

Mound Facility began operations in 1949. 

Its mission currently includes research, 

development, engineering, production, 

4 

and surveillance of components for the 

Department of Energy (DOE) weapon pro

grams; separation, p~rification, and 

sale of stable isotopes of the noble 

gases; and fabrication of radioisotopic 

heat sources fueled with plutonium-238 

• 
for thermoelectric generators. The 

radionuclides of primary concern currently 

being handled include plutonium-238 and 

tritium. 

Radionuclides in particulate form are 

removed from process air effluents from 

nuclear operations facilities by high 

efficiency particulate_air (HEPA) filters. 

The air effluents are filtered first at 

the points of origin, i.e., glove boxes, 

and just prior to the release point, 

i.e., the stack. The filtering system 

at the stack consists of two banks of 

HEPA filters in series, each bank with a 

collection efficiency of 99.9%. Radio

nuclides are removed from liquid effluent. 

such as process waste liquids by chemical 

processing. Solid radioactive wastes 

are packaged and shipped offsite for 

burial at approved burial sites. Air-

borne and liquid wastes generated in the 

processing of explosive materials are 

collected and disposed of according to 

the Army Materiel Command Regulation 

385-100. 

An onsite sanitary waste treatment plant 

provides secondary treatment in accor

dance with U. S. Environmental Protection 

Agency (EPA) requirements [3) using an 

activated sludge process operating in the 

extended aeration mode. All domestic 

sewage generated onsite is treated in 

this facility. The influent and effluent 

at the sewage treatment plant are also 

monitored for radioactivity to ensure no 

undetected release can occur to the • 
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FIGURE 3 - The relative frequency and 
strength of winds from different direc
tions for Wright-Patterson Air Force 
Base. 

environment via the sanitary sewage 

plant. The digested sludge from the 

sewage plant is shipped offsite for 

burial at an approved burial site. Non

radioactive solid wastes are disposed of 

according to a recycling and reclamation 

program where possible. 

White paper, scrap metal, and wood are 

sold for reclamation. General refuse 

was transported during 1978 to a state 

and county approved sanitary land fill. 

Waste solvents and chemicals are removed 

offsite by a commercial industrial-waste

disposal firm. 

Conformance to regulations prescribed by 

DOE pertaining to the safety of employees 

and the public has been demonstrated 

during the history of Mound Facility. 

The fundamental objective of the Mound 
Facility Environmental Control Program, 

which has been in existence throughout 

the history of the Facility, is the con

tainment of radioactive effluents to 

levels well within the existing standards • 

As part of this function, effluents are 

monitored and controlled at each operat

ing step resulting in only low-level 

releases of airborne or liquid wastes to 

the environment. Because of early de

tection, control techniques can be im

plemented thus ensuring that concentra

tions are well within existing standards. 

As part of the Mound Environmental Pro

gram monitoring functions, air, water, 

foodstuff, and sediment samples are 

collected from the environment at dis

tances up to 45 km (28 mi) from the 

Facility boundaries. These samples are 

analyzed for the specific radionuclides 

handled at the Facility. 

A quality control program for environ

mental analytical procedures has been in 

effect for several years. There are two 

parts to the program: internal and 

external. The internal portion consists 

of blank and duplicate analyses for each· 

group of samples. The blank values have 

been consistently small in comparison 

with sample values, indicating good con

trol during analytical procedures. These 

blank values are the basis for detection 

limits as discussed below. The duplicate 

results for 1978 were in the range ex

pected. 

Mound Facility has again participated in 

DOE's Quality Assessment Program con

ducted by the Environmental Measurements 

Laboratory (EML) during CY-1978. Results 

of significance to the environmental 

monitoring program are summariz~d in 

Table 1. The air samples analyzed were 

simulated, consisting of filter papers 

spiked with a known amount of plutonium. 

The concentrations given for the air 

samples are actually pCi/filter. To 

compare the Mound values with the EML 
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values and with the means of all the 

laboratories participating in the program, 

the concentration ratios are given in 

the last two columns of Table 1. 

Considering the experimental errors in

volved, the Mound results show good 

agreement with the EML or mean values 

for plutonium in air, plutonium in water, 

and uranium in water. There were two 

elevated tritium-in-water values due to 

instrument malfunction. This condition, 

however, was corrected, and current re

sults indicate a much closer agreement 

with EML and the mean value. 

The results of the environmental analyses 

for CY-1978 are provided in this report . 

A different approach ~rom that used in 

earlier reports for deriving error esti

mates is included in this report. This 

approach yields wider error limits than 

counting statistics only since it includes 

all sources of variability including sam

pling, analyses, and counting statistics. 

Error limits are estimates of the stan

dard error of the estimated mean at the 

95% confidence level except in cases 

where the number of samples prohibits this 

type of analyses. In this case, counting 

statistics are provided at the 95% 

Table - MOUND FACILITY QUALITY ASSESSMENT PROGRAM 
RESULTS (FIRST THROUGH FOURTH QUARTER, 1978) 

Concentration Ratio 
Sample Sample ·Isotope (ECiLml) (Mound (Mound 

• 

EM[a ....I1EL Date Determined Mound to EML) to Mean) • Air 7801 Pu-238 1.21 1.16 1.04 0.96 
Pu-239 1.03 1.03 1.00 0.91 

7804 Pu-238 1.26 1.16 1.09 0.90 
Pu-239 1.07 1.03 1.03 0.90 

7807 Pu-239 0.50 0.54. 0.92 0.92 

7810 Pu-239 0.61 0.53 1.15 1.02 

Water 7804 Pu-239 0.0028 0.0035 0.80 0.94 

U-234 0.0108 0.0130 0.83 0.92 
U-238 0.0109 0.0130 0.84 0.96 

7807 H-3 572 367 1.56 1.63 

7810 H-3 15.9 12.6 1.26 1.14 

7810 H-3 12.6b 12.6 1.00 0.90 

aEnvironmenta1 Measurements Laboratory. 

bThis H-3 value was determined by the Mound Nuclear Measurements Group. 
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confidence level. A lower detection 

limit (LDL) is provided for each set of 

data. The LDL is composed of the average 

blank plus the standard error of the 

blank at the 95% confidence level. In 

some cases where the quantity of data 

prohibits, the use of the instrument 

background plus the counting error at 

the 95% confidence is used as the LDL. 

Summary 
The local environment surrounding Mound 

Facility was monitored for tritium and 

plutonium-238. The results are reported 

for CY-1978. The environmental param

eters analyzed included a~r, water, 
foodstuffs, and sediment. The average 

concentrations of plutonium-238 and 
tritium were within the applicable strin

gent standards for radioactive species 

adopted by the U. S. DOE. Mound Facility 

drinking water has been brought into 

compliance with the new EPA standard for 

tritium in community drinking water sys

tems, and Mound has undertaken a program 

to achieve compliance for eight private 

wells adjacent to the Facility site. The 

program has partially achieved its ob

jective by bringing Mound wells and six 

of the eight affected private wells in 

the vicinity of Mound Facility into com

plianc~ with the U. s. EPA standard and 

by significantly reducing tritium concen

tration in the remaining wells. Data 

concerning nonradioactive species in air 

and water are also presented and com

pared to federal, state, and local stan

dards where applicable. Environmental 

levels obtained from either monitoring 

or literature values have been subtracted 

from applicable data in this report. 

These levels are shown in Table 2. The 

resultant concentration will be referred 

to as the incremental concentration. ~he 

average incremental concentrations of 

plutonium-238 and tritium oxide in air 

measured at all offsite locations during 
CY-1978 were 0.67 x lo-17 and 0.39 x 10-ll 

~Ci/ml, respectively. These correspond 

to 0.034% and 0.006% of their respecti•;e 

Radioactivity Concentration Guides (RCGJ. 

Details of the applicable standards are 
given in the Appendix. 

The average concentration of plutonium-238 

and the average incremental tritium mea

sured at all locations in the Great Miami 

River during CY-1978 were <0.21 x lo- 10 

and 0.12 x 10-6 uCi/ml, respectively. 
These correspond to <0.001% and 0.01% of 

the respective RCG. 

Radionuclide effluent data for CY-1978 
are summarized in Table 3. 

The average concentration of plutonium-238 

and average incremental concentration of 

tritium found during CY-1978 in surface 

water and the drinking water of the area 

municipalities were also a fraction of 

each respective DOE RCG and EPA standard. 

Although there are no specific standards 

(RCG) for plutonium-238 and tritium in 

foodstuffs, the concentrations found, if 

compared to the water standard, are also 

a small fraction of the RCG. No offsite 

soil sampling was conducted in CY-1978 

since a soil inventory was completed and 

reported for CY-1977. Sediment sampling 

at several water sampling locations was 

conducted, however, and is reported. 

Mound Facility has been granted a National 

Pollutant Discharge Elimination System 

Permit. Effluent stream analyses during 

1978 indicated that several limitations, 

i.e., suspended solids, residual chlorine, 

9 



able 2 - ENVIRONMENTAL CONCENTRATIONS OF RADIONUCLIDES IN VARIOUS MEDIA---. 

Plutonium-238 in Air8 = 0.16 ± 0.23 x 10-17 ~Ci/ml 

Plutonium-238 in Surface Waterb = 7 x 10- 13 ~Ci/ml 

Tritium Oxide in Air8 = 0.45 ± 0.25 x 10- 11 ~Ci/ml 

Tritium in Surface and Ground Waterc = 0.9 x 10-6 ~Ci/ml 

Plutonium-238 in Foodstuffs and Vegetatione =<Lower detection limit 
Tritium in Milkd = 0.33 ± 0.23 x 10-6 ~Ci/g 

Tritium in Vegetablese = 0.58 ± 0.25 xrl0-6 ~Ci/g 

Tritium in Grasse= 1.77 ± 0.34 x 10-6 ~Ci/g 

~easured at offsite sampler 119 
bReference 4 
cReference 5 

~easured from milk at dairy --supply 
~easured from samples >20 miles 

Table 3 - EFFLUENT DATA FOR CY-1978 

Radionuclide Media Quantity 

Tritium air 7346 Ci 

Tritium 

Plutonium-238 

Plutonium-238 

Uranium-233, 234 

and dissolved solids, were exceeded a 

few times. All results indicate that 

Mound effluent streams have no significant 

effect on the Great Miami River and cer

tainly do not cause Ohio stream standards 

to be exceeded. 

water 32.4 Ci 

air 0.014 mCi 

water 4.9 mCi 

water 1.2 mCi 

area. These data demonstrate the status 

of compliance with various current regu

latory agency standards. 

Environmental surveillance 
Air - radioactive 

• 

• 

The person-rem calculated to 80 km for 

CY-1978 for the total population was 68 
person-rem above that from natural radia

tion. Natural radiation would result in 
approximately 320,000 person-rem for the 

An offsite air-sampling network consisting 

10 

of 15 continuously operating air-sampling 

stations which are used for sampling both. 
tritium oxide and plutonium were used 



• 

• 

• 

during CY-1978. Ten sampling stations 
are located within a 1.6 km (1 mil radius 

of the Facility, and four samplers are 

located in or near population centers. 

The remaining sampler (#119) is approxi

mately 44.8 km (28 mil from the Facility 

in the least prevailing wind direction. 

This site receives no measurable con

tribution from Mound operations and 

serves as a baseline sample for computing 

environmental levels. The levels from 

sampler #119 are subtracted from other 

locations. The samplers currently in 

operation are located at critical dis

tances and directions based on a diffusion 

model developed for Mound Facility. The 

locations of the sampling stations are 

shown in Figure 1. 

Two types of samples are collected at 

.each sampling station. One is a partic

ulate air sample for plutonium-238 analy

sis and the other is a bubbler type sam

ple for tritium oxide analysis. The 

particulate sample is collected on a 

200-mm diameter Microsorban disk by a 

continuously operating (24 hr/day, 7 days/ 

week) high-volume air sampler. The air 

is sampled at an average rate of 1.3 x 106 

cm3/min (~45 ft 3/min). The Microsorban 

disk is changed weekly and represents a 

sample of approximately 13,000 m3 of air. 

Plutonium-238 analyses were performed on 

a monthly composite for three sampling 

locations, #122, #123, and #124, and on 

quarterly composites for the other off

site locations. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: 

addition of a known amount of plutonium-

242 tracer, ignition to 600°C, leaching 

with nitric acid, separation of plutonium 

with anion exchange resin, 

electrodeposition of plutonium, and 

finally alpha spectrometry. 

The average incremental offsite plutonium-

238 air concentration for all locations 

was 0.67 x lo-17 uCi/ml which is 0.034% 

of the DOE RCG. The RCG used for com

parison is the guide for the soluble form 

of the isotope and for the general popu

lation. This is the most restrictive RCG 

for plutonium-238 and is applied since 

the solubility of the measured particles 

in the human body is unknown. The analy

tical results are summarized in Table 4. 

Samples·· reported as less. than ( <) the 

Lower Detection Limit (LDL) are, for 

averaging purposes, considered to be the 

value of LDL when the LDL is greater than 

the measured environment levels. This 

metho~ provides a conservative approach 

to low-level environmental data. 

Table 5 shows concentrations of plutonium-

239, 240 and plutonium-238 including en

vironmental levels so that a ratio com

parison between these two radionuclides 

can be made. A ratio greater than that 

observed at location #119 (~0.1) would 
indicate a concentration of plutonium-238 

greater than that from atmospheric fallout 

and would indicate influence from Mound 

operations. 

The gas bubbler sample is also collected 

on a continuous basis by bubbling air 
at approximately 3 x 103 cm3/min through 

200 ml of ethylene glycol. Ethylene 

glycol is used because this material 

eliminates evaporation and freezing prob

lems associated with sample collection 

[6]. Any tritium (oxide) in the air is 

collected in the solution. Tritium oxide 

rather than elemental tritium is sampled 

and analyzed because the RCG for the oxide 

11 



Table 4 - INCREMENTAL CONCENTRATIONS OF PLUTONIUM-238 IN 
AIR AT OFFSITE SAMPLING LOCATIONS IN 1978 

Number 
of Ranged Average a, c,d Percen! 

Location Samples {10- 17 J:!Ci/ml} po- 17 J:!Ci/mn of RCG 

101 4 e. 1. - 0.49 0.15 ± 0.34 0.008 
102 4 e.l.- 1.1 0.50 ± 0.81 0.03 
103 4 0.44 - 9.7 2.9 ± 7.6 0.15 
104 4 e.l. - 0.25 0.11 ± 0.26 0.006 
105 4 e.l. 0.11 e.l. 
108 4 e.l. - 0.17 e.l. 
110 4 e.l. - 0.04 e.l. 
111 4 e.l. ':" 0.44 0.10 ± 0.32 0.005 
112 4 e.l. - 0.11 e.l. 
115 4 e.l. 
118 4 e.l. - 2.9 0. 79 ± 2. 3 0.04 
122 12 0.08 - 2.1 0.78 ± 0.51 0.04 
123 12 0.13 - 25 2.8 ± 4.9 0.14 
1-24 12 0.11 - 4.0 1.3 ± 0.73 0.07 

aLower Detection Limit (LDL) for 238 Pu in air is 0.08 x 10- 17 ~Ci/ml. 
This is 0.004% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 2000 x 10- 17 ~Ci/ml for the 
soluble form of 238 Pu for the general population. 

cError limits are estimates of the ·standard error of the estimated means 
at the 95% confidence level. 

dAverage environmental level (e.l.) subtracted from data. 

is 200 times more restrictive than it is 

for elemental tritium [7). A sample 

representing ~30 m3 of air is collected, 

and an aliquot representing 1.5 m3 is 

counted in a liquid scintillation spec

trometer. The average incremental con

centration of tritium oxide measured 

during CY-1978 for all offsite locations, 

not including the environmental level 
-11 found at sampler #119, was 0.39 x 10 

the most restrictive RCG for tritium for 

the general population. The results are 

summarized in Table 6. Table 2 ·shows 

environmental levels for plutonium-238 

and tritium in air as measured at sampler 

Ul9. 

• 

• 

~Ci/ml. This concentration is 0.006% of 

the RCG. The RCG used for comparison is 

An onsite perimeter network consisting of 

five continuous, high-volume air samplers 

is used to further assess the effective

ness of stack emission control systems. 

The onsite sampling locations are shown • 

12 
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Table 5 - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENTAL LEVELS 
IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1978 

Number zu.2~oPu z 3 epu 
of Range Averagea,b Averagea,b 

Location SamE1es {10- 17 ~Ci/ml) po- 17 !:!Ci(ml) po- 17 l!citmn 23BPu/239,z~oPu 

101 4 0.89 - 4.9 2.8 ± 2.6 0.31 ± 0.25 0.11 
102 4 0.80 - 6.0 3.2 ± 3.5 . 0.66 ± 0.61 0.21 
103 4 0.70 - 4.5 2.7 ± 2.5 3.0 ± 7.6 1.1 
104 4 0.79 - 4.7 2.6 ± 2.6 0.27 ± 0.14 0.10 
105 4 0.66 - 5.3 2.7 ± 3.1 0.15 ± 0.10 0.06 
108 4 1.1 - 7.7 3.9 ± 4.5 0.14 ± 0.04 0.04 
110 4 0.81 - 5.4 2.9 ± 3.0 0.11 ± 0.05 0.04 
111 4 0.81 - 7.2 3.3 ± 4.4 0.26 ± 0.23 0.08 
112 4 0. 71 - 5.5 3.0 ± 3.3 0.12 ± 0.07 0.04 
115 4 0.64 - 5.0 2.7 ± 2.9 <0.08 <0.03 
118 4 0.83- 7.2 3.6 ± 4.2 0.95 ± 2.3 0.26 
119 4 0.63 - 4.4 2.2 ± 2.6 0.16 ± 0.23 0.07 
122 12 0.35 - 4.4 2.2 ± 1.0 0.94 ± 0.46 0.43 
123 12 0.68 - 6.0 3.0 ± 1.2 3.0 ± 4.9 1.0 
124 12 0.58 - 6.0 3.0 ± 1.3 1.4 ± 0.70 0.47 

aLower Detection Limit (LDL) for 239 • 2 ~ 0 Pu in air for samplers 101 through 119 is 
122 through 124 is 0.04 x 10- 17 ~Ci/ml. 0.03 x 10- 17 ~Ci/ml and the LDL for samplers 

The LDL for 238 Pu is 0.08 x 10- 17 ~Ci/ml. 

bError limits are estimates of the standard error of the estimated means at the 95% 
confidence level. 

in Figure 4. Particulate samples and 

tritium samples are collected by the on

site samplers at approximately the same 

flow rate as the offsite samplers and 

are analyzed in the same manner. 

The average incremental plutor.ium-238 

concentration measured for all locations 

onsite was 3.8 x 1o-17 ~Ci/ml which is 

0.054% of the RCG. The results are sum

marized in Table 7. Table 8 presents 

onsite concentrations of plutonium-239, 

240 and plutonium-238 including environ

mental levels so that a ratio comparison 

between these two radionuclides "can be 

made. 

The average incremental onsite tritium 

oxide concentration for all locations 
was 0.64 x 10-ll ~Ci/ml which is 0.003% 

of the RCG. The results are summarized 

in Table 9 • 

13 



Table 6 - INCREMENTAL CONCENTRATIONS OF TRITIUM OXIDE IN 
AIR AT OFFSITE SAMPLING LOCATIONS IN 1978 

Tritium Oxide Number 
of · _ Ranged Averagea,c,d Perce~ 

Location Sam~les (10 11 J:!Ci/ml) po- 11 I:!Ci/ml) of RCG 

101 52 e.l. - 4.03 0.44 ± 0.35 0.006 
102 52 e.l. - 5.65 0.86 ± 0.44 0.012 
103 52 e.l. - 8.78 0.52 ± 0.48 0.007 
104 52 e.l. - 3.57 0.34 ± 0.39 0.005 
105 52 e.l. - 2.81 0.20 ± 0.38 0.003 
108 52 e.l. - 4.49 0.17 ± 0.39 0.002 
110 52 e.l. - 2.68 0.14 ± 0.38 0.002 
111 52 e.l. - 4.17 0.30 ± 0.43 0.004 
112 52 e.l. - 4.12 0.29 ± 0.43 0.004 
115 52 e.l. - 2.20 0.07 ± 0.37 ·o .oo1 
118 52 e.l. - 1.78 0.19 ± 0.40 0.003 
122 27 e.l. - 2.89 0.56 ± 0.36 0.008 
123 51 e.l. - 3.56 0.73 ± 0.41 0.010 
124 52 e.l. - 5.04 0.60 ± 0.43 0.009 

8 Lower Detection Limit (LDL) for tritium oxide in air is 0.12 x 10- 11 ~Ci/ml 
which is 0.0017% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 x 10- 11 ~Ci/ml for the 
general population and for soluble form of tritium. 

cError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

dAverage environmental level (e.l.) subtracted from data. 
-

The RCGs used for onsite comparisons are 

those applicable for exposed individuals 

in the population. The total amounts of 

plutonium-238 and tritium discharged to 

the atmosphere were 0.014 mCi and 7346 

Ci, respectively. Comparison of these 

quantities to the RCG is not valid. 

Air - nonradioactive 
The Mound steam power supply is normally 

fueled with natural gas with the 

14 

capability to burn fuel oil. During un

usually cold weather, natural gas supply 
to Mound is interrupted, and fuel oil 

with <1% sulfur content is burned. The 

average sulfur content of the fuel oil 

burned in 1978 was approximately 0.5%. 

Approximately 140,000 gal of No. 2 fuel 

oil were burned during 1978. 

Additional sources of airborne emissions 

are as follows. A water-wash, paint 
spray booth is operated intermittently 

• 

• 

• 
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r------Table 7 - INCREMENTAL CONCENTRATION OF 238 Pu IN AIR AT ONSITE----~ 
SAMPLING LOCATIONS IN 1978 

Number 
Averagea,c,d of Ranged Perce~ 

Location Sam2les {10- 17 J:!Ci/ml} po- 17 J:!CiLml} of RCG 

211 12 0.32 - 3.3 2.5 ± 0.83 
212 12 0.64 - 2.6 1.3 ± 0.68 
213 12 2.1 - 24 11 ± 5.0 
214 12 0.38 - 9.6 3.2 ± 1.8 
215 12 0.20 - 3.7 1.1 ± 0.63 

aLower Detection Limit (LDL) for 238 Pu in air is 0.08 x 10- 17 ~Ci/ml 
which is 0.001% of the RCG. 

0.04 
0.02 
0.16 
0.05 
0.02 

bRadioactivity Concentration Guide (RCG) = 7000 x 10- 17 ~Ci/ml for the 
soluble form of plutonium-238 for individuals tn the population. 

cError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

dAverage environmental level (e.l.) subtracted from data. 

:rable 8 - CONCENTRATION OF PLUTONIUM INCLUDING ENVIRONMENTAL 
LEVELS IN AIR AT ONSITE SAMPLING LOCATIONS IN 1978 

Number 239•21tOpu 2 3 epu. 
of Range Averagea,b Averagea,& Ratio 

Location Sam21es {10- 17 J:!CiLml) po- 17 J:!Ci/ml} {10- 17 J:!CiLml} 2 Japue 39,2 .. oPu 

211 12 0.60 - 5.5 2.6±1.1 2.7 ± 0.80 
212 12 0.72-5.1 2.7 ± 1.1 1.5 ± 0.42 
213 12 0.61 - 5.6 2.7 ± 1.1 12 ± 5.0 
214 12 0.50 - 5.2 2.6 ± 1.1 3.3 ± 1.8 
215 12 0.50 - 4.7 2.5 ± 1.1 1.3 ± 0.59 

aLower Detection Limit (LDL) for 239 ' 2"0 Pu in air is 0.04 x 10- 17 ~Ci/ml. 
The LDL for 238Pu is 0.08 x 10- 17 ~Ci/ml. 

bError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

1.0 
0.56 
4.4 
1. 3 
0.52 

• 

• 

• 
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Table 9 - INCREMENTAL CONCENTRATION OF TRITIUM OXIDE 
IN AIR AT ONSITE SAMPLING LOCATIONS IN 1978 

Number Tritium in Oxide 
of Ranged Averagea,c,d Percen5 

Location Sam~les {10- 11 ~Ci/ml) (10- 11 ~Ci/ml ~ of RCG 

211 52 e.l. - 3.61 0.34 ± 0.35 0.002 
212 52 e.l. - 3.03 0.62 ± 0.34 0.003 
213 52 e.l. - 4.12 0.90 ± 0.38 0.005 
214 50 e .1. - 3.80 0.87 ± 0.46 0.004 
215 52 e.l. - 3.87 0.45 ± 0.35 0.002 

aLower Detection Limit (LDL) for tritium oxide in air is 0.12 x 10- 11 ~Ci/ml 
which is 0.0006% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 20,000 x 10- 11 ~Ci/ml for 
individuals in the population and soluble form of tritium. 

cError limits are estimates of the standard error of the estimated means 
at the 95% confidence level. 

dAverage environmental level (e.l.) subtracted from data . 

in the Mound paint shop. Wastes from 

operations involving explosives are dis

posed of by open burning. A fire-test 

facility for qualifying containers for 

shipping radioactive wastes was not used 

during 1978. A maintenance grinding 

operation and a carpenter shop are also 

operated on an intermittent basis. Fire

fighter training exercises are normally 

held at an open outdoor facility. During 

1978 no exercises of this type were held 

because of construction activities ad

jacent to this facility. 

Emissions from sources registered with 

the Regional Air Pollution Control Agency 

(RAPCA) and the Ohio EPA which have appli

cable emission standards are summarized 

in Table 10. The emissions were estimated 

from emission factors established by the 

USEPA or from material balances [8]. The 

emission from the shipping-container fire

test facility is controlled with a forced 

air supply and water spray nozzles at the 

fuel-flame interface to an average capa

city of <20%. The particulates from the 

grinding and carpenter shop operations 

are captured by cyclone air cleaners 

rated at 95% efficiency. Nonradioactive 

airborne emissions at Mound Facility were 

all within applicable standards and had 

minimal impact on ambient air quality. 

This is further demonstrated by the 

particulate concentration data summarized 

in Tables 11 and 12. The data presented 

are weekly particulate concentrations 

measured at Mound's offsite and onsite 

air-sampling sites. The particulate 

concentration at onsite locations is 
somewhat lower than at offsite locations. 

The particulate concentration also appears 

to be independent of distance from Mound. 

17 



:fable 10- NONRADIOACTIVE AIRBORNE EMISSIONS 1978 

Emission Emission 
Source Pollutant Emission Standard8 

Power House Particulates 0.02 lb/106 Btu 0.20 1b/106 Btu 
Input Input 

Power House Sulfur Oxides 0.04 lb/106 Btu 1.6 lb/106 Btu 
Input Input 

Paint Shop Organics 0.32 lb/day 40 lb/day 

Explosives Particulates '\4 1b/yr NA 

aOhio EPA Air Pollution Regulations 3745-17-01 through 3745-17-13 and 
3745-21-01 through 3745-21-08. 

NA -·not applicable. 

% of • Standard 

10 

2.5 

0.8 

NA 

This would suggest no influence from 

Mound operations. For comparison pur

poses, the State of Ohio -Ambient 

The plutonium-238 river water analyses · ~ 
have been improved by a procedure developed 

Quality Standard for airborne particu
. I 3 lates ~s 60 ~g m . 

Water - Radioactive 

Water sampling locations along the bank 

of the Great Miami River were selected 

according to guidelines recommended by 

the u.s. EPA [9]. The locations, shown 

in Figure 5, provide samples which are 

representative of river water after 

suitable mixing of the effluent from 

Mound has occurred. Water samples are 

normally collected at these locations 

five days per week and are subjected to 

specific analyses for plutonium-238 and 

tritium. 

18 

at Mound Facility to maximize the sensi-

tivity in detection of plutonium-238 in 

water. Large-volume water samples are 

analyzed by compositing daily samples for 

a semiannual analysis. The average con

centration of plutonium-238 measured for 

all locations in the Great Miami River 
was <0.21 x 10-lO ~Ci/ml which is <0.001% 

of the RCG for the general population, 

the most restrictive standard for pluto

nium-238. The less than (<) indicates 

that the referenced environmental level 

(Table 2) is less than the lower. detec-

tion limit. These results are summarized 

in Table 13. 

A weekly composite of daily samples are 

analyzed for tritium. The average incre

mental concentration of tritium measured 

• 
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Tab 1e 11 - 1978 WEEKLY PARTICULATE CONCENTRATION OATAa 

Number 
of Range Avera~eb 

Location SamEles ( ~g/m3) (~g/m l 

101 so 46 - 231 128 ± 12 
102 51 26 - 251 111 ± 12 
103 so so - 168 91 ± 8 
104 52 60 - 176 114 ± 9 
105 49 50 - 142 89 ± 7 
108 46 58 - 356 160 ± 17 
110 50 51 - 165 92 ± 8 
111 52 77 - 366 152 ± 18 
112 47 48 - 149 94 ± 7 
115 52 49 - 23ti" 95 ± 10 
118 46 50 - 382 136 ± 21 
119 51 31 - 134 70 ± 8 
122 43 42 - 282 90 ± 13 
123 52 51 - 224 110 ± 9 
124 52 52 - 203 106 ± 9 

aahio Ambient Air Quality Standard = 60 ~gfm 3 

bError limits are estimates of the standard error of the 
estimated means at the 95% confidence level. 

These data are obtained by Mound's air monitoring program 
and are indicative only of the particulate air loading in 
the Dayton metropolitan area. Mound's particulate dis-
charges presented in Table 10 make a negligible contribution 
to the surrounding area. In addition, Table 12 presents 
onsite particulate data. 

able 1£: - 1978 WEEKLY PARTICULATE CONCENTRATION DATA ONSITE 

Number 
of Range Avera~e 

Location SamEles ( ~g/m3} (~g[m la 

211 45 52 - 189 98 ± 9 

212 44 36 - 182 86 ± 9 
213 45 53 - 188 96 ± 9 
214 43 38 - 215 98 ± 12 

215 44 37 - 214 83 ± 11 

aError limits are estimates of the standard error of 
the estimated means at the 95% confidence level. 
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able 13 - CONCENTRATION OF 23Bpu IN THE GREAT MIAMI RIVER IN 1978 

Number 
23Bpu 

of Percent Range Averageb,d 
Location SamE!lesa po- 10 l:!Ci/ml ~ {10- 10 HCi/m1} of RCGc 

2 <0.1 - 0.59 <0.36 ± 0.02 <0.0018 
2 2 <0. 1 - 0.18 <0.16 ± 0.04 <0 .0008 
3 2 <0.1 - 0.17 <0.16 ± 0.01 <0.0008 
4 2 <0 .1 - 0.43 <0.28 ± 0.05 <0.0014 
5 2 <0.10 <0.0005 

aTwo composite large volume water samples for each location from 
water collected during CY-1978. 

blower Detection Limit (LDL) for 238Pu in water is 0.1 x 10- 10 ~Ci/ml 
which is 0.0005% of the RCG. 

cRadioactivity Concentration Guide (RCG) = 20,000 x 10- 10 ~Ci/ml for 
the general population and the soluble form of plutonium-238. 

dError limits include only counting statistics at 95% confidence 
level . 

at all locations in the Great Miami 

River was 0.12 x 10-6 ~Cifml which is 

0.01% of the RCG for the general popula

tion, the most restrictive standard for 

tritium. Referenced environmental levels 

(Table 2) have been subtracted. These 

results are summarized in Table 14. 

Results of plutonium-238 and tritium 

analys·is for one offsi te sampling loca

tion on the abandoned Miami-Erie Canal 

shown in Figure 6 are reported in Tables 

15 and 16, respectively. Results of 

uranium analysis from this location also 

are reported in Table 17. These values 

represent levels from the site drainage 

ditch which discharges into the offsite 

canal system prior to mixing with the 

Great Miami River. These values, as 

expected, are higher· than those concen

trations found in the Great Miami River 

where mixing and dilution occur. The 
total amounts of plutonium-238, tritium, 

and uranium-233 discharged to the Great 
Miami River were 4. 9 mCi, 32.4 c'i, and 

1.2 mCi, respectively. The concentrations 

were 0.13%, 1.4%, and 0.005% of the most 

restrictive RCG for individuals in the 

population. Uranium-233, 234, and 238 

were monitored at the river water sam

pling locations during CY-1978~ As can 
be seen by the data from Table 18, the 

ratio of uranium-233, 234 to uranium-238 

is slightly greater than unity, which is 

in the range of background ratios re

ported [10]. This is expected as a 

result of secular equilibri1.1m. 

Eight additional surface water locations 

such as ponds in all quadrants surround

ing l-tound Facility as shown in Figure 5 

are sampled semiannually. These samples. 
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..----Table 14 - INCREMENTAL CONCENTRATION OF TRITIUM IN THE GREAT MIAMI--......, 
RIVER IN 1978 

Number Tritium 
of _Ranged Averagea,c,d Percens 

Location SamEles po 6 l!Ci /ml ~ {10- 6 J:!Ci/ml ~ _ of RCG 

41 e.l. - 1.9 e .1. 

2 40 e.l. - 12.6 0.5 ± 0.6 0.05 

3 41 e.l. - 7.5 0.1 ± 0.6 0.01 
4 41 e.l. - 1.5 e.l. 
5 41 e.l. - 0.8 e.l. 

~ower Detection Limit (LDL) for tritium in water is 
0.30 x 10-6 ~Ci/ml which is 0.03% of the RCG. 

bOOE Radioactivity Concentration Guide (RCG}--which is compared ·· 
to tritium concentration in water not used for drinking purposes 
= 1000 x 10-6 ~Ci/ml for the general population and the soluble 
form of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (e.l.) subtracted from data. 

used for plutonium-238 determination, 

are also large volume water samples. 

·The large volume of sample increases the 

sensitivity of the analysis. A smaller 

aliquot (10 ml) was taken for the tri

tium analysis. The average concentra

tions of plutonium-238 and tritium for 

all locations were <0.1 x 10-lO (LDL) 

and 0.6 x 10-6 ~Ci/ml, respectively, 

which are <0.0005% and 0.06% of the 

respective RCG for the general population. 

The results of the surface water samples 

are summarized in Tables 19 and 20. En

vironmental levels (Table 2) have been 

subtracted from the concentrations of 

tritium in water; however, due to the 

LDL for plutonium-238 in water, no en

vironmental levels have been subtracted. 

In addition, uranium-233, 234 and uranium-

238 data are also reported as shown in 

Table 21. 
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Drinking water from communities in the 

surrounding area is sampled and analyzed 

quarterly for tritium. These communities 

and their relative locations are shown 

in Figure 1. The average concentration 

of tritium for all locations was 1.8 x 10-6 

~Ci/ml which is 9% of the new standard 

which was adopted by the U. s. EPA in 

1977 for community drinking water sys

tems. Data from the analyses of commu

nity drinking water samples are summarized 

in Table 22. The referenced environmental 

level (Table 2) for tritium in water is 

not subtracted from these data. 

Several private wells in the vicinity of 

Mound Facility were analyzed semimonthly 

for tritium. The average concentration 

in these wells was 22.6 x 10-6 ~Ci/ml. 

The average concentration for 1978 ex

ceeds the new standard by a factor of 1.1 . 

• 

• 

• 
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• 

• FIGURE 6 - Aerial view (from the north) of offsite abandoned canal and pond system . 

23 



24 

r-----:rable 15 - INCREMENTAL CONCENTRATION OF 238 Pu IN WATER FROMI-----, 
CANAL/POND AREA IN 1978 

Location• 

8 (South Canal) 2 11.7 - 16.8 

8 Locations are shown in Figure 5. 

Averagec,e,f 
(10- 10 uCi/ml) 

14.3 ± 0.15 

Percena 
of RCG 

0.07 

brwo composite large volume water sample for each location from water 
collected during CY-1978. 

clower Detection Limit (LDL) for 238 Pu in Water is 0.1 x 10-10 uCi/ml 
which is 0.0005% of the RCG. 

dRadioactivity Concentration Guide (RCG) = 20,000 x 10-10 uCi/ml for 
the general population and soluble form of plutonium-238. 

8 Error limits include only counting statistics at 95% confidence level. 

fAverage environmental level (e.l.) subtracted from data. 

------Table 16 -·INCREMENTAL CONCENTRATION OF TRITIUM IN WATER-------. 

Location• 

8 (South Canal). 

FROM CANAL/POND AREA IN 1978 

Number 
of 

Samples 

41 

Tritium 

e.l. - 25 

8 Locations are shown in Figure 5. 

12 ± 1.4 1.2 

blower Detection Limit (LDL) for tritium in water is 0.3 x 10-6 uCi/ml 
which is 0.03% of the RCG. 

cDOE Radioactivity Concentration Guide (RCG) which is compared to tritium 
concentration in water not used for drinking purposes = 1000 x 10-6 uCi/ml 
for the general population and soluble form of tritium. 

dError limits· are estimates of the standard error of the estimated means 
at the 95% confidence level. 

eAverage environmental level (e.l.) subtracted from data. 

• 

• 
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,......----Table 17 - CONCENTRATION OF 233
•

234 U IN WATER FROM CANAL/POND AREA IN 1978---., 

Number 
233,234u z3au 

of Range Averageb,c Averagec 
Location Sam2lesa (10- 10 JJCiLml ~ (10- 10 JJCiLml) (1 0- 10 uCi Lml) 

8 (South Cana 1} 2 8.2 - 16 12 ± 0.5 9.8 ± 0.28 

3 Two composite large volume water samples for ea'ch location. 

blower Detection Limit (LDL} for 233•
234 U in water is 0.3 x 10- 10 JJCi/ml. 

cError limits include only counting statistics at 95% confidence level. 

Ratio 
233, z3"u;23au 

1.2 

able 18 - CONCENTRATION OF 233
'

234
U IN THE GREAT MIAMI RIVER IN 197 

Number 
233t23"u 23eu 

of Averagea,b,c Averagec Ratiod Range 
Location Sam~lesa (10- 10 JJCi/ml) (10- 10 uCi/ml) (10- 10 uCi/ml) 2 3 3t 2 l"U/2 Jeu 

2 5.9 - 6.2 6.1 ± 0.33 5.7 ± 0.32 
2 2 6.3 - 6.7 6.5 ± 0.25 5.9 ± 0.24 
3 2 6.0 - 6.3 6.2 ± 0.39 4.5 ± 0.33 
4 2 6.2 - 6.4 6.3 ± 0.21 5.8 ± 0.20 
5 2 6.4 ± 0.33 5.7 ± 0.31 

aTwo composite large volume water samples for each location. 

blower Detection Limit (LDL) for 233
'

234U in water is 0.3 x 10- 10 JJCi/ml. 

cError limits include only counting statistics at 95% confidence level. 

dA ratio slightly greater than unity indicates naturally occurring 
uranium [1 0]. 

1.1 
1.1 
1.4 
1.1 
1.1 

However, most recent data indicate that 

six of eight private wells are within 

the EPA Drinking Water· Standard and the 

two remaining wells are nearing compli

ance. These wells are expected to be in 

compliance by early 1979. The present 

status has been achieved.by a forced 

water turnover program involving high

volume pumping of two high-capacity wells • 

The high-volume pumping will be main
tained until all private wells achieve 

compliance, and periodic pumping will be 

used to maintain the wells in compliance 

until rebound studies indicate that the 

program can be terminated. Additional 

details concerning this program have 

been reported by Styron and Meyer [11]. 

Private well analyses results are sum

marized in Table 23. 

Four private wells and Miamisburg city 

water were sampled and analyzed 
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Table 19 - SUMMARY OF SURFACE WATER MONITORING FOR PLUTONIUM-238 IN 1978 

Number 
2 3Spu 

of Range Averageb Percent 
Location SamE!les 8 po- 10 I:!Ci/ml) po- 10 I:!Ci[mll of RCGc 

10 2 <0 .1 <0.0005 
11 2 <0 .1 <0.0005 
12 2 <0.1 <0.0005 
13 1 <0 .1 <0.0005 
14 2 <0.1 <0.0005 
15 2 <0 .1 <0.0005 
16 1 <0 .1 <0.0005 
17 2 <0.1 <0.0005 

8 Two composite large volume water samples were used for each location. 

blower Detection Limit (LDL) for 238 Pu in water is 0.1 x 10- 10 ~Ci/ml 
which is 0.0005% of the RCG. 

cRadioactivit~ Concentration Guide (RCG) for 238 Pu in water = 
20,000 x 10- 0 ~Ci/ml for the general population and soluble 
form of plutonium-238. 

Table 20 - SUMMARY OF SURFACE WATER MONITORING FOR INCREMENTAL TRITIUM IN 1978 

Number Tritium 
of Ranged Average8 • c, d Percens 

Location SamE!les {10- 6 !:!Ci/ml} {10- 6 I:!Citml} of RCG 

10 4 e.l. - 1.2 0.5 ± 1.0 0.05 
11 4 e.l. - 0.5 0.1 ± 0.5 0.01 
12 4 e.l. - 1.2 0.5 ± 1.1 0.05 
13 3 0.4 - 1.4 0.8 ± 1.2 0.08 
14 4 e.l. - 1.4 0.5 ± 1.4 0.05 
15 4 0.1 - 1.7 0.7 ± 1.1 0.07 
16 4 e.l. - 2.2 0.6 ± 1.8 0.06 
17 4 e.l. - 3.4 1.1 ± 2.5 0.11 

8 Lower Detection Limit (LDL) for tritium in water is 0.5 x 10-6 ~Ci/ml 
which is 0.05% of the RCG. 

bDOE Radioactivity Concentration Guide (RCG) which is compared to 
tritium concentration in water not used for drinking purposes = 
1000 x 10-6 ~Ci/ml for the general population and soluble form 
of tritium. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

dAverage environmental level (e.l.) subtracted from data. 

• 

• 
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r----tab1e 21 - CONCENTRATION OF 23 h 2HU FROM SURFACE WATER LOCATION IN 1978---...., 

233o23"u 23au 
Number 

of Range Ayerageb,c c Ratiod Average 
Samelesa po- 10 l-!Ci/ml~ po 10 !:!CiLm1~ (10- 10 !:!CiLml} 23h23"ULz3au Location 

10 2 3.6 - 9.5 6.5 ± 0.25 7.5 ± 0.25 0.9 
11 2 3.7 - 3.8 3.7 ± 0.20 3.3 ± 0.19 1.1 
12 2 1.4 - 2.1 1.8 ± 0.12 1.7 ± 0.12 1.1 
13 2 2.1 - 3.2 2.6 ± 0.16 2.2 ± 0.15 1.2 
14 2 2.0 - 2.5 2.3 ± 0.15 1.7±0.13 1.4 
15 2 4.2 ± 0.24 4.1 ± 0.23 1.0 
16 2 1.4 - 2.5 1.9±0.14 1.9 ± 0.14 1.0 
17 2 2.6 - 3.3 2.9 ± 0.20 2.7 ± 0.19 1.1 

aTwo composite large volume water samples for each location. 

blower Detection limit (LOL) for 233 •23 "U in water is 0.3 x 10- 10 ~JCi/m1. 

cError limits include only counting statistics at 95% confidence level. 

uA ratio slightly greater than unity indicates naturally occurring 
uranium [10] . 

semiannually for plutonium-238. These 

samples were also large volume water 

samples. The average plutonium-238 con

centration for these locations was <0.1 

x 10-lO (LDL) ~JCi/ml which is <0.0005% 

of the applicable DOE RCG for the general 

population. These results are shown 

in Table 24. 

Water - Nonradioactive 
Mound Facility has a discharge permit 

under the National Pollutant Discharge 

Elimination System (NPDES) issued by 

Region V of the u. S. EPA. The permit 

specifies limitations for pollutants in 

the two effluent streams from Mound that 

discharge to the Great Miami River. The 

discharge from outfall number 001 includes 

the discharge from the sanitary waste 

treatment plant, radioactive waste dis

posal facility, single-pass cooling water, 

zeolite softener backwash, and some 

storm water runoff. The discharge from 

outfall number 002 consists of single

pass cooling water, cooling-tower blow

down, boiler-plant blowdown, zeolite 

softener backwash, and most of the storm

water runoff. A 24-hr composite sample 

of each effluent stream is collected 
automatically. The volume of samples 

collected is proportional to the flow in 

the stream. The composite effluent water 

samples are analyzed for water quality 

parameters according to standard methods 

[12). The results of effluent stream 

analyses for 1978 are summarized in 

Tables 25 and 26. There were eleven 

suspended solids, four residual chlorine, 

and one dissolved solids exceptions during 

1978. Three of the suspended solids ex

ceptions were caused by the sanitary 

waste treatment plant operation; one was 

apparently from a minor upset which was 
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Table 22 - SUMMARY OF TRITIUM LEVELS I:-1 COMMUNITY DRINKI~lG WATER IN 1978 

Tritium Number 
of ~nged Averagea,c,d Percent 

Locations SamEles po- llCi/mll {Jo-6 llCi/mll Standardb 

Bellbrook 7 0.3 - 2.8 1.1 ± 0.7 5.5 
Centerville 6 0.6 - 1.6 1.2 ± 0.3 6.0 
Dayton 7 0.3 - 0.8 0.5 ± 0.2 2.5 
Franklin 7 0.9 - 1.5 1.2 ± 0.2 6.0 
Germantown 8 0.5 - 3.7 1.2 ± 0.9 6.0 
Kettering 7 0.8 - 3.7 1.6 ± 1.0 8.0 
Miamisburg 7 1.5 - 8.8 5.1 ± 2.7 26 
Middletown 7 0.6 - 5.0 1.5 ± 1.5 7.5 
Moraine 7 0.7 - 6.6 2.1 ± 2.0 11 
Springboro 7 1.2 - 3.3 i .9 ± 0.7 9 .• 5 
Waynesville 8 0.6 - 2.6 1.2 ± 0.7 6.0 
West Carrollton 7 2.0 - 4.0 3.0 ± 0.7 15 

aLower Detection Limit (LDL) for tritium oxide is 0.2 x lo-6 llCi/ml 
which is 1.0% of the EPA Standard for community drinking water. 

bEPA Drinking Water Standard for tritium = 20 x lo-6 llCi/ml for 
community drinking water systems. 

cError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. · 

dEnvironmental level is included in these data for comparison to the 
EPA standard. 

quickly corrected, and the others were 

from hydraulic overloading caused by a 

water-line break. The remaining suspended 

solids exceptions were detected in the 

effluent artery of discharge 001 which 

includes storm runoff and powerhouse dis

charges. The residual chlorine excep

tions occurred at the sanitary waste 

treatment plant and involved chlorination 

of the plant effluent prior to discharge 

from the site. The dissolved solids 

exception occurred in discharge 002. The 

source of dissolved solids is the zeolite 

water softening operation which discharges 

large quantities of dissolved solids 

during recharging operations. These 
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waterborne effluents had no significant 

effect on the River since the river flow, 

even under low-flow conditions, was 

approximately 350 times the maximum flow 

discharge from Mound during 1978. These 

data show that the Mound releases to the 

Miami River did not cause the Ohio Stream 

Standards to be exceeded. 

Foodstuffs and vegetation-

radioactive 
Various locally grown foodstuffs and 

vegetation samples are collected from 

the surrounding area. The intent of this 

• 

• 
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~-------Table 23 - TRITIUM IN PRIVATE WELLS IN 197l:S---------, 

Number Tritium 
of ~an gee Averggea,b,d,e Percent 

Location Sam~les (lo- l:!Cilml} (lo- l:!Cilml) Standardc 

B-1 19 12.7 - 48.7 24.2 ± 4.7 121 
B-2 19 16.5 - 31.6 21.1 ± 1. 9 106 
B-3 19 15.3 - 25.3 20.0 ± 1.3 100 
J-1 18 17.9 - 32.1 25.0 ± 1.7 125 

aAll wells are approaching compliance with the new EPA standard 
of 20 x lo-6 ~Ci/ml. 

blower Detection Limit (LDL) for tritium in water is 0.4 x lo-6 
lJCi/ml which is 0.04% of the EPA Standard. __ 

cEPA Standard for tritium in community drinking water systems 
= 20 x 10-6 ~Ci/ml. Mound is using the EPA Standard as a guide 
for the private water supplies. 

dError limits are estimates of the standard error of the estimated 
means at the 95% confidence level. 

eEnvironmental level is included in these data for comparison to 
the EPA Standard . 

r-----....;hble 24 - PLUTONIUM-238 IN PRIVATE WELLS AND MIAMISBURG-----, 
MUNICIPAL DRINKING WATER IN 1978 

Number 
23epu 

of Range Averageb,d Percent 
Location Sameles 8 po- 10 I:!Cilml) {10- 10 I:!Cilml) of RCGc 

Miamisburg 2 . <0.1 <0.0005 
8-1 2 <0.1 - 0.14 <0.12 ± 0.01 <0.0006 
B-2 2 <0.1 <0.0005 
B-3 2 <0.1 <0.0005 
J-1 2 <0.1 <0.0005 

8 Two composite large volume water samples were analyzed from each 
location from water collected during CY-1978. 

blower Detection limit (LDL) for 238Pu is 0.1 x 10- 10 lJCi/ml which 
is 0.0005% of the RCG. 

cApplicable DOE Radioactivity Concentration Guide (RCG) for 238Pu in 
water = 20,000 x 10- 10 ~JCi/ml for the general population and soluble 
fonn of 238Pu. 

dError limits include only counting statistics at 95% confidence level . 
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Table 25 - 1978 NATIONAL POLLUTANT DISCHARGE ELIMINATION SYST 
PERMIT DATA FOR STATION 001 

No. 
Parameter Samples Minimum Maximum Average 

Flow, MGDa Reported Cont. 0.03 0.31 0.12 
Permit 0·.92 0.53 

BOD5 Reported 84 0.5 9.9 3.5 
Permit 15 10.0 

Suspended Reported 214 2.0 80.7 11 
Solids Permit 15 10 

Dissolved Reported 154 5.8 12.2 8.6 
Oxygen Permit >5 

Residual Reported 124 NOb 2.5 0.15 
Chlorine Permit 0.5 

Oi 1 and Reported 84 NO 8.8 1.3 
Grease Permit 10 

pH Reported 150 6.2 9.0 
Permit 6.0 9.0 

Organic Reported 15 2 12 7.6 
Carbon 

aMGD - million gallons per day; All other values are in milligrams 
per liter. 

bNO - none detectable. 

portion of the Environmental Monitoring 

Program is to determine whether there is 

any uptake and concentration of radio

nuclides by plant or animal life. Where 

possible, sampling sites are chosen at 

maximum deposition locations predicted 

on the basis of the diffusion model 

developed for Mound Facility [13]. Field 

crops and vegetables are collected on the 

basis of this diffusion model. Milk is 

collected from individual farms closest 

to the Facility. Aquatic life is trapped 

from the Miami River generally downstream 

of Miamisburg and from adjacent waterways, 

depending upon availability of fish. 
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Grass samples are collected in the vicin

ity of the surface water locations shown 

in Figure 5. The plutonium-238 content 

of the foodstuff and vegetation samples, 

including milk, is determined by ashing 

the samples and then proceeding with the 

same techniques used for plutonium-238 

analyses of air samples (see section on 

Air - Radioactive). Milk samples are 

analyzed for tritium oxide by distilling 

the water fraction from an aliquot. The 

distillate is then analyzed for tritium 

by liquid scintillation spectrometry in 

·the same manner as the water samples (see 

section on Water - Radioactive) . The 

• 

• 
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Table 26 - 1978 NATIONAL POLLUTANT DISCHARGE ELIMINATION 
SYSTEM PERMIT DATA FOR STATION 002 

No. 
Parameter Samples Minimi.Uil Maximum Average 

Flow, MGDa Reported Cont. 0.01 .1.5 0.35 
Penni t 0.53 

Suspended Reported 220 1.5 19.3 10.2 
Solids Permit 20.0 15 

Dissolved Reported 138 6.4 14.2 9.2 
Oxygen Permit >5.0 

Residual Reported 120 NOb 0.05 0.02 
Chlorine Permit 0.05 

Oil and Reported 65 NO 6.0 1.0 
Grease Penni t 10.0 

pH Reported 142 7.8 8.8 
Penni t 6.0 9.0 

Dissolved Reported 65 105 
Solids Permit 2277 1061 

aMGD - million gallons per day. All other values are in milligrams 
per liter, except pH. 

bND - none detectable • 

results of the foodstuff and vegetation 
analyses are summarized in Tables 27 and 

28. The concentration is given in terms 

of the sample weight (wet weight) before 

ashing. The vegetables analyzed were 

turnips and tomatoes. The samples of 

aquatic life analyzed included only the 

edible fleshy portions of fish. No evi

dence has been found that there is any 

significant uptake or concentration by 

plant or animal life of the radionuclides 

handled at Mound Facility. Environmental 

levels· for foodstuffs and vegetation have 

been subtracted from the data (Table 2) • 

SUt • radioactive 

Silt samples were collected from the sur

face water sample locations shown in 

Figure 5. These samples were obtained 

by filtration of sediment (silt) from 
the water that was collected from these 

locations. 

The results of the silt sample analyses 

are found in Tables 29, 30, and 31. No 

·offsite soil sampling was conducted in 

CY-1978 since the soil inventory was 

completed and reported for CY-1977 and 
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,...-----:Table 27 - INCREMENTAL PLUTONIUM-238 IN FOODSTUFFS AND-----""Y 
VEGETATION IN 1978 

Number 
Type of of Avera~ea,b,c,d,e,f 

(lo- 1 }JCi/g) Sam~le Sam~les 

Milk 1 <2.6 
Vegetables 1 <4.4 
Grass 23 <9.0 - 47 <17 ± 6.0 
Aquatic Life 2 <19 

alower Detection Limit (LDL) for 238 Pu in milk is 2.6 x 10- 10 }JCi/g. 

blower Detecti~n Limit (LDL) for 238 Pu in vegetables is 4.4 x 10- 10 }JCi/g. 

clower Detection Limit (LDL) for 238 Pu in grass __ is 9.0 x 10- 10 uCi/g. 

·dlower Detection Limit (LDL) for 238 Pu in aquatic life is 19 x 10- 10 uCi/g. 

eError limits ar.e estimates of the standard error of the estimated 
means at the 95% confidence level. 

fl\verage environmental level (e.l.) have been subtracted from the data. 

,----Table 28 -

Type of 
Sample 

INCREMENTAL TRITIUM IN FOODSTUFFS AND VEGETATION IN l978l 

Tritiumd Tritiuma,b,c,d,e 
Number 

of Range Average 
Samples (lo-s }JCi/g) (lo-s }JCi/g) 

Milk 
Vegetables 
Grass 

2 

3 

26 

0.02 - 0.14 
0.2 - 0.78 
e. 1. - 3.8 

aLDL for tritium in milk = 0.2 x 10-s }JCi/g. 

0.08 ± 0.32 
0.4 ± 0.38 
0.4 ± 0.41 

bLDL for tritium in vegetables = 0.2 x 10-s }JCi/g. 

cLDL for tritium in grass= 0.14 x 10-6 }JCi/g. 

dAverage environmental levels (e.l.) have been subtracted from data. 

eError limits include only counting statistics at 95% confidence level. 

• 

• 
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r---Table 29 - PLUTONIUM-238 IN SILT FROM RIVER MONITORING LOCATIONS IN 1978--~ 

Number 
23&pu 238pu 

of Range Averagea,b 
location Sam~les po-6 ~Ci/g) {10-6 ~Ci/g) 

1 2 1.4 - 63 32 ± 0.44 
2 2 5.3 - 36 20 ± 0.26 
3 2 7.6 - 11 9.2 ± 0.19 
4 2 3.8 - 37 20 ±-0.25 
5 2 1.0 - 2.8 1.9 ± 0.15 

alower Detection limit (LDl) for 238Pu in silt is 0.1 x 10- 6 ~Ci/g. 

bError limits include only counting statistics at 95% confidence level. 

r--------lab1e 30 - PLUTONIUM-238 IN SILT FROM SURFACE WATER-------, 
MONITORING LOCATIONS IN 1978 

Number 
of 

Location SamEles 

10 2 
11 2 
12 2 
13 2 
14 2 
15 2 
16 2 
17 2 

23&pu 

Range 
( 10-6 IJCi /g) 

<0.2 - 0.7 
<0.2 - 0.4 
0.2 - 0.9 

0.6 - 0.7 
0.5 - 1.3 

23apu 

Averagea,b 
po-6 IJCi /g) 

0.3 ± 0.04 
<0.4 ± 0.05 
<0.3 ± 0.03 
0.6 ± 0.09 

<0.2 
<0.2 

0.6 ± 0.08 
0.9 ± 0.04 

alower Detection Limit (LDL) for 238 Pu is 0.2 x 10-6 ~Ci/g. 

bError limits include only counting statistics at 95% 
confidence level. 

r-----Table 31 - PLUTONIUM-238 IN SILT FROM CANAL/POND AREA SILT IN 1978-----, 

Number 
23&pu 23apu 

of Range Averageb,c 
Location a SamEles po-6 J:!Cilg) po-6 IJCilg) 

8 (South Cana 1 ) 2 299 - 443 371 ± 1.4 

alocations are shown in Figure 5. 

blower Detection Limit (LDL) for 238Pu in silt is 0.1 x 10-6 ~Ci/g . 

cError limits include only counting statistics at 95% confidence level. 
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there is no evidence of other than mini

mal uptake of plutonium-238 by plants 

from soil [ 14) . 

Evaluation of dose 
commitment to the public 

A dose assessment was performed for radio

nuclides in the environment from Mound 

Facility operations. These radionuclides 

are plutonium-238 and tritium. Tritium 

(oxide) is the only radionuclide at 

Mound Facility for which the critical 

organ is the whole body. The critical 

organs for plutonium-238 are assumed to 

be the lung for insoluble material and 

the bone for soluble material. The 

solubility of plutonium-238 in the recep

tor is unknown; therefore each dose 

evaluation for both lung and bone were 

based on total concentration of pluto

nium-238 found in the environment. This 

approach gives a very conservative esti

mate of dose equivalents. 

Plutonium-238 assumptions 

and methodology 

The dose equivalent estimates for pluto

nium-238 were based on environmental 

monitoring data for CY-1978. The esti

mates for maximum dose equivalent to the 

lung at the site boundary and maximum 

dose equivalent to the lung in individuals 

were based on the maximum onsite incre

mental average concentration of pluto

nium-238 in air from onsite samplers 

(sampler 213, Table 7) since the samplers 

are in close proximity to the site boun

dary. The maximum dose equivalent to 
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the lung in population group(s) was 

based on the maximum offsite average 4llt 
incremental concentrat~on of plutonium-238 
in air (sampler 103, Table 4). 

The estimates for maximum dose equivalent 

to the bone at the site boundary and in 

individuals were also based on the maxi
mum onsite average incremental concentra

tion of plutonium-238 in air and the 

maximum offsite average concentration of 

plutonium-238 in drinking water (average 

of B-1, B-2, B-3, Table 24). The maximum 

dose equivalent to the bone for individuals 

in popUlation group(s) was based on the 

maximum offsite average incremental con

centration of plutonium-238 in air and 

maximum offsite average concentration of 

plutonium-238 in water (Miamisburg drink

ing water, Table 24). The total dose 

equivalent for bone was obtained by the 
addition of the dose equivalent of pluto

nium in air and the dose equivalent of • plutonium in water. 

The terms "maximum dose equivalent at the 

site boundary" and "maximum dose equivalent 

to individuals" refer to the maximum dose 

equivalent possible for individuals to 

receive assuming they remain at the sitt 

boundary 24 hr/day and 365 days/yr. The 

term "maximum dose equivalent for individ

uals in population group(s)," refers to 

those individuals who reside in a loca

tion adjacent to Mound Facility who 

receive the maximum dose equivalent values 

found in the offsite environment. 

The calculational methods can be found 

in the Appendix. 
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Tritium (oxide) assumptions 

and methodology 

The dose equivalent estimates for tri

tium (oxide) were also based on environ

mental monitoring data for CY-1978. The 

concentrations used for dose equivalent 

estimates for tritium (oxide) were 

arrived at by the same method as that 

used for plutonium. The maximum average 

onsite air incremental concentration was 

measured at sampler 213 (Table 9) , and 

the maximum drinking water incremental 

concentration was the average of B-1, 

B-2, and B-3. The maximum average off

site air incremental concentration was 

measured at sampler 102 (Table 6) , and 

the maximum incremental concentration of 

drinking water for individuals in a pop

ulation group was Miamisburg drinking 

water. The total dose commitment for 

the whole body was obtained by addition 

of the dose commitment of tritium (oxide) 

in air and the dose commitment of tritium 

(oxide) in water. The calculational 

methods can be found in the Appendix. 

The results of the dose estimate calcu

lations are shown in Table 32. 

The methodology for 80 km (50 mi) person

rem dose commitment estimates has changed 

for CY-1978. Environmental monitoring 

and data analyses have been improved to 

allow the use of sampler #119 to deter

mine environmental levels of tritium in 

air. This means that the calculations 

to determine concentrations of tritium 

will include only one distance range, 0 

to 32 km (20 rni). 

Environmental data indicate that Mound's 

influence does not reach 32 km (20 mi); 

however, for conservatism, 32 km {20 mil 

will be the assumed limit for Mound's 

impact. This, coupled with the assump

tion of 360° atmospheric diffusion to 

32 km (20 rni) , provides a high degree of 

conservatism. 

The person-rem dose commitment estimate 

calculations were based on average 

r---------Table 32 - DOSE COMMITMENT ESTIMATES;---------~ 

Maximum dose 
equivalent at the 
site boundary 

Maximum dose 
equivalent to an 
individual 

Maximum dose 
equivalent to an 
individual in the 
population 
group(s) 

Plutonium-238 (mrem/50 yr) 
Lung Bone 

0.70 4.69 

0.70 4.69 

0.19 1.25 

Tritium Oxide (mrem/50 yr) 
Whole Body 

2.06 

2.06 

0.43 
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tritium (oxide) data from environmental 

air sampling stations and average tri

tium (oxide) data in community drinking 

water. 

The average concentration of tritium 

(oxide) in air was obtained by averaging 

all offsite tri~ium air samplers less 

the concentration found at sampler #119. 

From this average concentration a dose 

commitment was determined and multiplied 

by the number of people from 0 to 32 km 

(20 mi). 

The person-rem from tritium (oxide) in 

community water was based upon average 

concentrations of tritium (oxide) in 

various community water supplies and 

weighting these concentrations with 

respective populations. 

The calculations for the air and water 

dose commitment estimates are shown in 

the Appendix. 

It is estimated that the total population 

from 0 to 32 km (20 mi) is receiving an 

additional 68 person-rem from Mound's 

emissions. The remaining population 

from 32 km to 80 km (20 to 50 mi) is not 

receiving dose from tritium (oxide) emis

sions. 

For comparison, the person-rem values 

from natural radiation, including cosmic 

rays and terrestrial radiation, would be 

approximately 320,000 person-rem for the 

0 to 80 km (50 mi) range [15]. The dose 

commitment from natural background tri

tium alone is 80 person-rem for the 0 to 

80 km range. 
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Appendix 
Applicable standards 

RADIOACTIVE STANDARDS 

In conformance with DOE Manual Chapter 

0524, "Standards for Radiation Protection," 

offsite sample results are compared with 

RCG's established for the general popula

tion. These RCG's are derived by dividing 

the RCG's for an uncontrolled area by 

three. 

Onsite sample results are compared with 

the uncontrolled area RCG's which are 

applicable for individuals in the popu

lation. 

The RCG values (in microcuries per milli

liter - ~Ci/ml) used for comparison pur

poses for the various types of samples 

in this report are listed below. In all 

cases, these are the most restrictive 

RCG' s. 

Plutonium-238 (Soluble Form) 

Air 

General Population 2 x lo-14 ~Ci/ml 

Uncontrolled Area 7 x lo-14 ~Ci/ml 

(Individuals in 

the Population 

Water 

General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

2 X 10-6 ~Ci/ml 

5 X 10-6 ~Ci/ml 

Tritium (Soluble Form) 

Air 

General Population 7 x 10-8 ~Ci/ml 
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Uncontrolled Area 

(Individuals in 

the Population) 

2 X 10- 7 \.!Ci/ml 

Water (DOE RCG is compared to water not 

used for drinking purposes) 

General Population 1 x 10- 3 ~Ci/m1 

Uncontrolled Area 3 x 10- 3 ~Ci/m1 

(Individuals in 

the Population) 

As of June 24, 1977, community drinking 

water quality is regulated by the EPA 

National Interim Primary Drinking Water 

Regulations for Radionuclides. The new 

standard= 20 x 10-6 ~Ci/ml (20,000 pCi/1). 

Foodstuffs There are no RCG values speci

fied for foodstuffs. 

Soil There are no guidelines established 

for radioactive species in soil. (The 

• 

U. S. EPA has guidelines under consideration. 

NONRADIOACTIVE STANDARDS 

Water Region V of the USEPA has issued 

a discharge permit under NPDES regulations 

covering both Mound Facility liquid 

effluent streams. The discharge limita

tions for each effluent stream are as 

follows: 

Daily Daily 
Outfall Number 001 Avera9:e Maximum 

Flow (106 gal/day) 0.53 0.92 

BODS (mg/liter) 10 15 

Suspended Solids 
(mg/liter) 10 15 

Dissolved Oxygen 
(mg/liter) 5 

Residual Chlorine 
(mg/liter) 0.5 

Oil and Grease 
(mg/liter) 10 

pH 6-9 • 



• 

• 

• 

Outfall Number 002 

Flow (10 6 gal/day) 

Suspended Solids 

Daily 
Average 

Daily 
Maximum 

{mg/liter) 

Dissolved Oxygen 
(mg/liter 

October-April 

May-September 

Residual Chlorine 
(mg/liter) 

Oil and Grease 
(mg/liter) 

0.53 

15 

8 

5 

20 

0.05 

10 

Dissolved Solids 
(mg/liter) 

pH 

1500 

6-9 

2000 

The Ohio EPA has established Water Quality 

Standards (3745-l-01-3745-1-09). The 

standards listed below are excerpted from 

these regulations. These standards are 

stream standards and apply to a stream 

beyond a suitable mixing zone permitted 

for discharges. They should not be com

pared with effluent concentrations. 

Constituent 

Dissolved oxygen 

pH 

Fecal Coliform 

Dissolved Solids 

Ammonia 

Arsenic 

Barium 

Cadmium 

Chloride 

Chromium (hexavalent) 

Cyanide (free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 
Manganese 

Mercury 

Average 
Concentration 

(mg/liter) 

5.0 

6-9 

200 per 100 ml 

1500 
1.5 

0.05 

0.8 
0.005 

250 

0.05 

0.005 

1.3 

o.s 
1 

0.04 

1 
0.0005 

Constituent 

Oil and Grease 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

Average 
Concentration 

(mg/liter) 

5 

0.01 

o.oos 
0.001 

0.005 - 0.075* 

0.075 - 0.5* 

*Dependent on caco 3 hardness. 

Dose commitment calculations 
PLUTONIUM-238 CALCULATIONAL METHODS 

The dose commitment to the lung resulting 

from inhalation of airborne plutonium-238 

was calculated by: 

D(t) 
>.m 

where 

D(t) = 50-yr dose commitment delivered 

to the lung in 365 days of con

tinuous exposure to plutonium-

238 in air, rem/SO yr 

c = average airborne concentration, 

~Ci/ml 

I a = average air intake = 2 x 107 ml/day 

[1] 

tl = time exposed, 365 days 

t2 = duration of dose, 50 yr 

fa = fraction of inhaled material 

reaching organ of interest= 0.7 

(max.) for the pulmonary region 

[2] 

fr =. fraction of pulmonary deposi
tion undergoing long-term re

tention - 0.6 for actinide 

(class 'l) [2] 

EEF(RBE)n = effective energy deposition 

per disintegration = 57 [1] 
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m 

effective decay rate, 0.0014 

day-1 for actinides (class Y) 

from the pulmonary region [3] 

lung mass, 1000 g [1] 

The dose commitment to bone resulting 

from inhalation of airborne plutoniurn-238 

was calculated by: 

D(t) 

where 

fa 
I:EF(RBE)n 

m 

5l.lCiafat1EEF(RBE)n (l-e-Atz) 

AID 

o. 2 [1] 

284 [1] 

7 X 103 g (1] 

3 x 10-5 day-l [1] 

The dose commitment to bone resulting from 

ingestion of plutonium-238 in water was 

calculated by: 

D(t) 

where 

51.1CI f t 1EEF (RBE) _ 't 
w a (1-e " 2) 

AID 

average quantity of water 

intake, 2200 cm3 [1) 

2.4 X 10-5 [1) 

TRITIUM OXIDE CALCULATIONAL METHODS 

The dose commitment to the whole body re

sulting from exposures to tritium (oxide) 

·in air was calculated by: 

D(t)a 

where 

40 

D(t)a = dose commitment, mrem/50 yr 

Ca average concentration of 

tritium (oxide) in air 

Ra 

s 

RCG for tritium {oxide) in 
air [ 4] 

Radiation-protection stan

dard in mrem/50 yr [4] 

The dose commitment to the whole body re

sulting from uptake of tritium {oxide) in 

water was calculated by:· 

D(t)w 

where 

D(t)w 

Cw 

Rw 

s 

Cw 
Rw X S 

dose equivalent in mrem/50 yr 

average concentration 

RCG for tritium (oxide) in 

water [4] 

radiation protection stan

dard in mrem/50 yr [4] 

These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the 

International Commission on Radiological 

Protection [5] and the National Council 

on Radiation Protection Measurements (6]. 

PERSON-REM CALCULATIONS 

The equations used for this calculation 

were: 

D(t)a 

where 

D(t} a 

Ca 

Ca 
Ra X S 

dose commitment from tritium 

(oxide) in air 

average tritium (oxide) 

centration in air 

con-

Ra RCG for tritium (oxide) in 

air [ 4] 

• 

• 

S = radiation protection stan

dard for tritium (oxide) in 

air in mrem/50 yr [4] • 



• 

• 

• 

D(t)w Cw 
= Rw X S 

where 

D(t)w = dose commitment from tritium 

(oxide) in water 

Cw = average tritium (oxide) con

centration in water 

Rw = RCG for tritium (oxide) in 

water [4] 

S radiation protection stan

dard for tritium (oxide) in 

water, mrem/50 yr [4] 

These dose commitment values were divided 

by 1.7 in order to reflect the quality 

factor of one as recommended by the In

ternational Commission on Radiological 

Protection (5] and the National Council 

on Radiation Protection and Measurements. 

The total person-rem from 0 to 32 km is 

obtained by: 

where 
32 

l:R 
0 

- 32 
D(t)al:P 

0 

person-rem within 32 km 

average dose commitment x 

population from 0-32 km 

(895,941) 
32 
~ (o(t)wP)= summation of dose commitments 

x respective population from 

0-32 km 

References 

1. "Report of International Commission 

on Radiological Protection Committee 

II on Permissible Dose for Internal 

Radiation (1959) ," Health Phys., 1_, 

15 (1960). 

2. ICRP Task Group on Lung Dynamics, 

"Deposition and Retention Models for 

Internal Dosimetry of the Human 

Respiratory Tract," Health Phys., g, 
1973 (1966). 

3. The-Metabolism of Compounds of Pluto

nium and Other Actinides, ICRP 

Publication 19, International Com

mission on Radiological Protection, 

Pergamon Press, New York (1972). 

4. DOE Manual Chapter 0524. 

5. International Commission of Radio

logical Protection, "Progress Report 

from ICRP," Health Phys., !2.• 389 

(1969). 

6. Basic Radiation Protection Criteria, 

Report No. 39, National Council on 

Radiation Protection and Measurements 

(January 15, 1971), p. 83. 

41 



Distribution 
EXTERNAL 

TID-4500, UC-41 (258) 

Consultants 

w. E. Moddeman 
University of Dayton 

A. Shapiro 
University of Cincinnati 

Montgomery County Combined 
General Health District 

William T. Burkhart 
Supervisor, Regional Air 
Pollution Control Agency 

David B. Peden 
Director, Environmental Health 

Dr. Robert A. Vogel 
Health Commissioner 

Other County and City 
Departments 

Dr. Kenneth Arn 
Director, Public Health 

·City of Oakwood 

Paul Asmussen 
Director of Public Health 
City of Middletown 

Benton Wahl 
Health Commissioner 
Warren County 

Thomas Saygers, Director 
Environmental Services 
Montgomery County 

A. Jackson 
Professional Services Division 
Cincinnati Health Department 
City of Cincinnati 

David Morgan 
Village Engineer 
Springboro 

John R. Harvey 
Butler County Health Commissioner 
Hamilton, Ohio 

42 

Miami Conservancy District 

Donald T. Williams 
Chief Engineer 

J. B. Suhre, Asst. Chief Engineer 
Water Resources 

State of Ohio 

Charles Forsthoff, Chief 
SW District Office, Ohio EPA 

James Wynd 
Engineer-in-Charge 
Radiological Health Unit 
Ohio Department of Health 

James McAvoy, Director 
Ohio EPA 

Dr. John H. Ackerman 
Director 
Ohio Department of Health 

Andrew Turner, Chief 
Div. of Industrial Wastewater 
Ohio EPA 

Ernest c. Neal, Chief 
Office of District Operations 
Ohio EPA 

Dr. K. L. Applegate, Chief 
Div. of Water Quality 
Ohio EPA 

Major General James c. Clem 
Adjutant General 

Lt. Col. James R. Williams 
Radiation Maintenance Offices 
Ohio Disaster Services Agency 

J. Earl Richards 
Asst. Director 
Ohio EPA 

Jack wunderle, Chief 
Office of Air Pollution Control 
Ohio EPA 

James L. Kennedy, Administrator 
Ohio Dept. of Energy 

U. s. EPA - Cincinnati 

Ernie Minor, Director 
Public Affairs 

Gilbert M. Gigliotti, Director 
Technical Information 

• 

• 

• 



• 

• 

• 

U. s. EPA - Washington, D. C. 

James Martin 
Waterside Mall 

Jay S. Silhanik 
Sanitary Engineer 

u. s. EPA - Eastern District Office 

Director 
Eastern District Office 

u. s. EPA - Region V (Chicago) 

Donald Wallgren, Chief 
Field Support Branch 
Surveillance and Analysis Division 

Ron Mustard, Director 
Office of Federal Activities 

H. B. Maroney 
Federal Facilities Coordinator 

Pete Tedeschi . 
Air and Hazardous Materials Division 

U. S. EPA - Las Vegas, NV 

Dr. Paul Hahn 

.u. S. EPA- Montgomery, AL 

Dr. Richard L. Blanchard 
Eastern Environmental Radiation 

Facility 

u. s. Nuclear Regulatory Commission 

Dr. Daniel Montgomery 
Region II 
Atlanta, GA 

Monsanto Co., St. Louis 

Dr. Carl D. Bohl 
Dept. of Medicine and Environ. Health 

P. F. Cunningham 
Engineering Director 
Env. and Util. Rate Cont. 

Margaret E. Madden 
Central Reports 
Corporate Research Department 

J. R. Sayers 
Director, Environ. Practices 
Environ. Policy Staff 

Monsanto Co., St. Louis (Continued) 

Monsanto Technical Li~rary, St. Louis 

Monsanto Research Corp., Dayton 

Richard K. Flitcraft (3) 
President 

H. L. Williams 
Dayton Laboratory 

Dr. D. J. Dahm, Manager 
Environ. Analytical Sciences Center 

Steven Hoadley 

Other Monsanto 

Alexander Munn, Director 
Medicine and Environmental Health 
Monsanto Europe S.A. 

DOE Headquarters 

Maj. General Joseph K. Bratton 
Director, Office of Military 

Application 

James Bishop, Jr., Director 
Office of Public Affairs 

Dr. Lawrence E. Killion 
Associate Director 
Office of Inertial Fusion 

Dr. F. C. Gilbert 
Deputy Director 
Office of Military Application 

DOE, ALO 

R. R. Fredlund, Jr., Director 
Classification and Technical 

Information Division 

John F. Burke 
Asst. Manager for Operations 

Jack R. Roeder, Director (12) 
Operational Safety Division 

James E. Randall, Attorney 
Office of Chief Counsel 

Other DOE 

H. N Hill, Manager 
Dayton Area Office 

43 



Other DOE (Continued) 

Edward P. Hardy 
Environmental Measurements 

Laboratory 

Other DOE Contractors 

H. w. Patterson, Dept. Head 
Hazards Control Dept. 
University of California 
Lawrence Livermore Laboratory 

Dr. George L. Voelz 
Health Division Leader 
University of California 
Los Alamos Scientific Laboratory 

R. D. Baker, Division Leader 
Chemistry - Materials Science Div. 
University of California 
Los Alamos Scientific Laboratory 

James L. Olsen 
Plant Manager 
University of California 
Lawrence Livermore Laboratory 

R. G. Jordan, Manager 
Office of Safety and Environmental 

Protection 
Union Carbide Corporation 

D. N. Edgington 
Ecological Sciences Section 
Radiological and Environmental 
· Research Division 
Argonne National Laboratory 

L. M. Jercinovic, Mgr. 
Safety Standards and Engineering 

Department . 
Sandia Laboratories, Albuquerque 

c. P. McKay, Manager 
Environ. and Health Services 
The Bendix Corporation 

E. P. Forest, Manager 
~nviron. Health and Safety Programs 
General Electric Company 

R. E. Yoder, Director 
Health, Safety and Environment 
Rockwell International 

w. D. Burnett, Manager 
Environ. Health Dept. 
Sandia Laboratories, Albuquerque 

D. P. O'Neil, Director 
Occational Health and 

Safety Division 
Argonne National Laboratories 

44 

Other DOE Contractors (Continued) 

J. D. McLendon, Superintendent 
Radiation Safety Dept. -
Union Carbide Corporation 

Donald A. McKown 
Health Physicist - Radiation 

Safety Officer 
Battelle Columbus Laboratories 

Andrew P. Hull 
Environ. Monitoring 
Safety and Environ. 

Protection Division 
Brookhaven National Lab 

J. w. McCaslin, Branch Manager 
Safety Standards 
Aerojet Nuclear Co. 

Dr. W. ~. Bair, Manager 
Environmental and Safety Research 
Battelle, Pacific Northwest Lab 

J. R. Houston 
Occupational and Environmental 

Safety Department 
Battelle, Pacific Northwest Lab 

J. P. Corley 
Occupational and Environmental 

Safety Department 
Battelle, Pacific Northwest Lab 

H. A. McClearen 
E. I. duPont deNemours and Co. 

Herman Phillips 
Health and Safety Director 
Mason and Hanger - Silas Mason 

Company, Inc. 

M. w. Boback, Chief 
Industrial Hygiene and 

Radiation Dept. 
National Lead of Ohio 

Ralph F. Hoffer 
Manager, Health and Safety 
Energy System Program 
General Electric Company 

Bonnie Jean Rumble 
Environ. Control Cept. 
Goodyear Atomic Corporation 

Dr. Norbert Golchert 
Argonne National Laboratory 

Mr. Bill P. Smith 
Reynolds Electrical and 

Engr. Co., Inc. 

• 

• 

• 



• 

• 

• 

Other 

Mr. David T. Clark 
Ky. Radiation Control Branch 

Dr. Lawrence Wilding 
Ohio State University 

Dr. McDonald E. Wrenn 
Dept. of Environmental Medicine 
New York University Medical 

Center 

Dr. c. R. Cothern 
University of Dayton 

INTERNAL 

P. C. Adams 
A. G. Barnett 
C. T. Bishop 

INTERNAL (Continued) 

R. T. Braun 
D. G. Carfagno 
v. E. Castleberry 
w. T. Cave 
H. I. Charbeneau 
D. A. Edling 
B. M. Farmer 
R. c. Herman 
c. w. Huntington 
B. R. Kokenge 
J. R. McClain 
H. E. Meyer 
M. L. Mullins 
R. A. Neff 
E. J. Reagan 
R. E. Vallee 
A. F. Vollmer 
Publications 
Records Management 
Library (115) 

45 



I 

II 
II 
II 
II 
II 
~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

~ I 

l 
l 
l 
l 
l 
l 
l 
l 
l 
I 




