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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 Evaluation and Environmental Laboratory groups of the Environmental Assessment 

and Planning Section. Particulate samples offsite are 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. 

2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Contents 
INTRODUCTION 

SUMMARY ... 

ENVIRONMENTAL SURVEILLANCE 

Air - Radioactive . . 
Air - Nonradioactive. 
Water - Radioactive . 
Water - Nonradioactive. 
Foodstuffs and Vegetation 
Silt - Radioactive. 
Soil - Radioactive ... 

. . . 
- Radioactive 

EVALUATION OF POTENTIAL DOSE TO THE PUBLIC 

REFERENCES 

APPENDIX 

Applicable Standards ..... 
Dose Equivalent Calculations. 
Person~Rem Calculations 

DISTRIBUTION . . . . . . . . 

8 

9 
14 
14 
23 
24 
27 
27 

30 

34 

37 
39 
40 

3 



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 indus

trialized. 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. Approxi

mately 10~ of the land area in agricultur

al use is devoted to pasturing livestock 

[1]. ~eather conditions in the area are 

moderate. The average annual precipita

tion 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) an

nually [2]. Figure 3 shows the wind rose 

compiled at Wright Patterson AFB which is 

located approximately 13 miles northeast 

from Mound. 
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Mound Facility began operations in 1949. 

Its mission currently includes research, 

development, engineering, production and 

surveillance of components for the Depart

ment of Energy (DOE) weapon programs; 

separation, purification, and sale of 

stable isotopes of the noble gases; the 

fabrication of radioisotopic heat sources 

fueled with plutonium-238 for thermoelec

tric generators. The radionuclides of 

primary concern currently being handled 

include plutonium-238 and tritium. 

Radionuclides in particulate form are re

moved from process air effluents from nu

clear operations facilities by high effi

ciency part!culate 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 

efficie~cy of 99.9%. Radionuclides are 

removed from liquid effluents such as pro

cess waste liquids by chemical processing. 

Solid radioactive wastes are packaged and 

shipped offsite for burial at approved 

burial sites. Airborne 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 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 
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FIGURE 3 - The relative frequency and 
strength of winds from different direc
tions for Wright-Patterson Air Force 
Base. 

.·disposed of according to a recycling 

and reclamation program. 

White paper, scrap metal and wood are 

sold for reclamation. General refuse 

was transported during 1977 to the 

Franklin Reclamation Center, Franklin, 

Ohio, for processing and eventual use in 

recycled products. Waste solvents and 

chemicals are removed offsite by a com

mercial industrial-waste-disposal firm. 

Conformance to regulations prescribed 

by DOE pertaining to the safety of em

ployees and the public has been demon

strated 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 containment of radioactive efflu

ents to levels well within the existing 

standards. As part of this function, 

effluents are monitored and controlled 

at each operating step resulting in only 

low-level releases of airborne or liquid 

wastes to the environment. Because of 

early detection, control techniques can 

be taken thus ensuring that concenc~a~~~~5 
are well within existing standar~s. 

As part of the Mound Environmental Program 

monitoring functions, air, water, foodstuff, 

and soil samples are collected from the en

vironment at distances up to 45 km (28 mil 

from the Facility boundaries. These samples 

are analyzed for the specific radionuclides 
handled at the Facility. 

A quality control program for environmental 

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 du

plicate analyses for each group of samples. 

The blank values have been consistently 

small in comparison with sample values 

indicating good control during analytical 

procedures. The duplicate results for 
1977 were in the range expected. Chemical 

recoveries were greater than 50%. The ex

ternal portion of the-program consists of 
sending duplicate samples to an independent 

laboratory. These results for 1977 were 

also satisfactory. Mound Facility partici

pated in DOE's Quality Assurance Program 
conducted by the Environmental Measurements 

Laboratory (EML) during CY-1977. Sample 

media such as air, water, soil, vegetation, 

and tissue were analyzed for various radio

nuclides such as plutonium-238, plutonium-
239, uraniurn-234, uraniurn-235, uranium-238, 
and tritium. In this program, Mound along 

with other facilities received and analyzed 

samples of various media and submitted data 

for comparison with EML values. Overall, 

the ratio of Mound to EML values averaged 

0.85 ~ 0.24 with a range of 0.40 to 1.14 

which indicates good agreement with the 

Environmental Measurements Laboratory. 

The results of the environmental analyses 

for calendar year 1977 are provided in 
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this report. Error limits, when given, 

reflect standard deviations in the data 

from counting statistics at the 95% con

ficence level. A lower detection limit 

(LDL) is provided for each set of data. 

This LDL is composed of the average blank 

for the set of analyses plus 2o of the 

average of the blanks for those analyses 

involving chemical processes. The LDL 

for data consisting of analyses by count

ing procedures only is equal to 2o of 

the counting error of the blank. In some 

special instances, where an inadequate 

number of blanks exist, the average blank 

plus 2o of the counting error is used for 

those analyses involving chemical pro

cedures. 

Summary 
The local environment surrounding Mound 

Facility was monitored for tritium and 

plutonium-238. The results are reported 

for calendar year 1977. The environment

al parameters analyzed included air, water, 

foodstuffs, soil and silt. The average 

concentrations of plutonium-238 and tri

tium were within the applicable stringent 

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 systems, and 

Mound has undertaken a program to achieve 

compliance for nine private wells adjacent 

to the Facility site. The program has 

partially achieved its objective by bring

ing Mound wells and some of the nine 

affected private wells in the vicinity of 

Mound Facility into compliance with the 

U. S. EPA standard and significantly re

ducing tritium concentration in the re

maini~g wells. Data concerning nonradio

active species in air and water are also 

presented and compared to federal, state, 

and local standards, where applicabie. 

8 

The average concentrations of plutonium-

238 and tritium oxide in air measured at 

all offsite locations during CY-1977 were 

<0.75 x lo-17 and <0.63 x lo-ll ~Ci/ml, 
respectively. These correspond to <0.037% 

and<0.009% of their respective Radioactiv

ity Concentration Guides (RCG). Details 

of the applicable standards are given in 

the Appendix. 

The average concentrations of plutonium-

238 and tritium measured at all locations 

in the Great Miami River during CY-1977 were 
<0.27 x lo-10 and <1.4 x lo-6 ~Ci/ml, re

spectively. These correspond to <0.0014% 

and <0.14% of the respective RCG. 

The average concentrations of plutonium-238 

and tritium found during CY-1977 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. In addition, 

there is no evidence of other than minimal 

uptake of plutonium-238 from soil. [4] 

Mound Facility has been granted a National 

Pollutant Discharge Elimination System 

permit. Analyses during 1977 indicate com

pliance with permit conditions except for 

two minor exceptions involving suspended 

solids during July. All results indicated 

that Mound effluent streams have no signifi

cant effect on the Great Miami River and 

certainly do not cause Ohio Stream Standards 

to be exceeded. 

The effluent data are summarized in Table 

1. In addition, the person-rem calculated 

out to 80 km for CY-1977 was 12.2 person-rem. 
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These data demons~=~te the status of com

pliance with various current regulatory 

agency standards. 

-Table l .:.. :::F=LUENT DATA FOR CY-1977-----, 

Radionuclide :-ledia Quantity I 
I 

Tritium ai:- 4896 Ci I 
I 

Tritium '"'ater 56.7 Ci I 
I 

IPlutonium-238 air 0.012 mCi 
I Plutonium-238 water 2.8 mCi I 
I 

I 
\Uranium-233 water 3.3 mCi 
I 
I 

Environmental surveillance 
Air · radioactive 

_An offsite air sampling network consist

ing of 14 continuously operating air

sampling stations which are used for 

sampling both tritium oxide and plutonium 

and a fifteenth sampler used for sampling 

plutonium only were used during CY-1977. 

Ten sampling stations are located approxi

mately within a 1.6 km (1 mi) radius of 

the Facility and four samplers are lo

cated in or near population centers. The 

remaining sampler (#119) is approximately 

44.8 kg (28 mi) from the Facility in the 

least prevailing wind direction. This 

site receives no measurable contribution 
from Mound operations and serves as a 

baseline sample for comparison purposes. 
The samplers currently in operation are 

located at critical distances and direc

tions 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 analy

sis and the other is a bubbler type sample 

for tritium oxide analysis. The particu

late sample is collected on a 200-mrn 

diameter Microsorban disk by 3 =ont~~~=~s~~ 

operating (24 hr/day, 7 days/week) ~~~~

·;olume air sampler. The air is samo:i.ed =.-: 

an average rate of 1.3 x 10 6 cm 3/mi~ (c4S 

ft 3/min). The Microsorban disk is ~~ansec· 
weekly and represents a sample of a?proxi

mately 13,000 m3 of air. Plutoniu~-233 
analyses were performed on a monthly com

posite for three sampling locations, ~22, 

123 and 124, and on quarterly composites 

for the other offsite locations. 

The analytical scheme for plutonium-238 

incorporates the following basic steps: 

addition of a known amount of plutoniu~-242 

tracer, ignition to 600°C, dissolution with 

nitric acid, separation of plutonium with 

anion exchange resin, electrodeposition o: 
plutonium, and finally alpha spectrometry. 

The results reported represent total con

centrations of the analyzed radionuclides 

including contribution from atmospheric 

fallout. 

The average offsite plutonium-238 air con

centration for all locations was <0.75 x 

lo-17 ~Ci/ml which is <0.037% 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 2. Samples reported 
as less than (<) the Lower Detection Limit 

(LDL) are, for averaging purposes, con

sidered to be the value of LDL. This pro

vides a conservative approach to low level 

environmental data. 

Also included in Table 2 are ratios of plu

tonium-238 to plutonium-239 for each samp

ling location. 
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Table 2 - CONCENTRATIONS OF PLUTONIUM IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1977 

Number 23apu 2 39pu 
of Range Averagea,d Percen$ Averagec,d 23ePu/ 

Location ·Sam2les {10- 17 uCitmll (10- 17 uCi[mll of RCG {10- 17 uCiLmq 239pu 

101 51 0.15 - 3.2 1.0 = 0.05 0.05 2.4 = 0.13 0.42 

102 52 0.52 - 1.3 0.81 ± 0.08 0.04 2.2 ± 0.13 0.39 

103 51 0.42 - 0.88 0.62 ± 0.07 0.03 2.1 ± 0.13 0.30 

104 52 0.22 - 0.50 0.37 ± 0.06 0.02 2.2 ± 0.13 0.17 

105 52 <0.076 - 0.23 <0.15 ± 0.04 <0.01. 2.0±0.12 <0.08 

108 48 <0.076 - 0.29 <0 .15 ± 0.04 <0.01 2.7±0.14 <0.06 

110 51 <0.076- 0.15 <0.09 ± 0.04 <0.01 2.3 ± 0.13 <0.04 

111 52 <0.076 - 0.32 <0.21 ± 0.05 <0.01 2.5 ± 0.14 <0.08 

112 48 <0.076 - 0.21 <0.16 ± 0.04 <0.01 2.1 ± 0.13 <0.08 

115 51 <0.076 - 0.21 <0 .13 ± 0.04 <0.01 2.5 ± 0.14 <0.05 

118 51 0.25 - 1.2 0.75 ± 0.08 0.04 2.5±0.14 0.30 

119 51 <0.076 - 0.11 <0.10 .± 0.04 <0.01 2.1 ± 0.13 <0.05 

122 47 0.61 - 6.3 2.1 ± 0.22 0.11 1.6 ± 0.19 1.3 

123 52 0.54 - 9.6 2.9 ± 0.26 0.15 2.1 ± 0.22 1.4 

124 52 0.35 - 4.2 1.7 ± 0.20 0.09 2.4 ± 0.23 0. 71 

alower Detection Limit (LDL) for 238 Pu in air for samplers 101 through 119 is 
0.076 x 10- 17 uCi/ml and the LDL for samplers 122 through 124 iS 0 . 258 X 10- 1 7 uCi/ml. 
This is 0.004% and 0.013%, respectively of the RCG. 

bRadioactivity Concentration Guide (RCG) = 2000 x 10- 17 uCi/ml for the soluble form of 238 Pu for the general population. 

cThe LDL for 239 Pu in air for samplers 101 through 119 is 0.033 x 10- 17 

the LDL for samplers 122 through 124 is 0.121 x 10- 17 lJCi/ml. 
lJCi/ml and 

dError limits include only counting statistics at 95% confidence level. 

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 asso

ciated with sample collection [5]. 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 is 

200 times more restrictive than it is for 
elemental tritium [6). A sample represent

ing -30 m3 of air is collected and an 
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aliquot ~epresenting 1.5 m3 is counted An onsite perimeter network consis~i~; ~; 

five continuous, high-volume air sa~plers 

is used to further assess the effectiveness 

of stack emission control systems. The on

site sampling locations are shown in Fi~ure 

4. Particulate samples are collected by 

the onsite samplers at approximately the 

same flow rate as the offsite samplers, 

i.e., 1.3 x 10 6 cm 3/min, and are analyzed 

in the same manner. The tritium samplers 

operate at slightly less air flow, i.e., 

approximately 2 x 10 3 cm3/min, and are 

analyzed in the same manner as offsite 

samplers. 

in a liquid scintillation spectrometer. 

The average concentration of tritium ox

ide measured during CY-1977 for all off

site locations was <0.63 x lo-ll ~Ci/ml 

which is <0.009% of RCG. The RCG used 

for comparison is the ~ost restrictive 

RCG for tritium for the general popula

tion. The results are summarized in 

Table 3. Table 4 shows background values 

for plutonium-238 and tritium in air and 

water. 

,--Table 3 - CONCENTRATIONS OF TRITIUM OXIDE IN AIR AT OFFSITE SAMPLING LOCATIONS IN 1977---, 

Tritium Oxide 
Number of Range 

Location Sameles {10- 11 uCiLml) 
Avyragea,c 

{ 10- 1 UCi/ml) 
Percen~ 
of RCG 

101 52 <0 .29 - 2.16 <0.64 :t 0.43 <0.009 
102 52 <0.29 - 9.73 <1 .24 :t 0.44 <0.018 
103 52 <0 .29 2. 77 <0.72 :t 0.43 <0.010 
104 52 <0 .29 - 1.27 <0.44 :t 0.42 <0.006 
105 52 <0.29 1.45 <0.40 :t 0.42 <0.006 
108 52 <0.29 - 0.94 <0.37 :t 0.42 <0.005 
110 52 <0.29 1.22 <0.40 :t 0.42 <0.006 
111 52 <0.29 - 7.53 <0.62 :t 0.43 <0.009 
112 52 <0.29 - 2.10 <0 .59 :t 0.43 <0.008 
115 52 <0.29 - 2.66 <0.56 :t 0.42 <0.008 
118 52 <0.29 - 2.37 <0.57 :t 0.42 <0.008 
119 51 <0.29 - 2.33 <0.44 :t 0.42 <0.006 
123 52 <0.29 - 4. 36 <0.88 :t 0.43 <0.013 
124 52 <0 .29 - 5.98 <0.94 :t 0.43 <0.013 

~ower Detection Limit (LDL) for tritium oxide in air is 0.29 x 10- 11 uCi/ml 
which is 0.004% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 x 10- 11 uCi/ml for the 
general population and for soluble form of tritium. 

cError limits include only cou~ting statistics at 95% confidence level. 

Table 4 - CONCENTRATIONS OF BACKGROUND LEVELS OF TRITIUM AND PLUTONIUM-23 

Plutonium-238 in Aira 
Plutonium-238 in Surface Waterb 
Tritium Oxide in Airc 
Tritium in Surface d 

and Ground Water 

:References 7, 8 
Reference 9 

0.3 :t 0.1 x 10- 17 uCi/ml 
7 x 10- 13 uCi/ml 
0.2 x 10- 11 uCi/ml 

0.9 x 10- 6 uCi/ml 

cReference 10 
dReference 11 
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The average ~lutonium-238 concentration 

measured for all locations onsite was 

4.02 x lo-17 uCi/ml which is 0.057% of 

the RCG. The results are summarized in 

Table 5. 

The average onsite tritium oxide ~~ncer.~r~

tion for all locations was <2.0 x lo-ll 

uCi/ml which is <0.01% of the RCG. ~he 

results are summarized in Table 6. 

Table 5 - CONCENTRATION OF 238Pu IN AIR AT ONSITE SAMPLING LOCATIONS IN 1977 

z 3 aPu 
z3 9 Pu 

Number of Ranae Averagea,d Percent Avera gee 
Location SamQles (10- 17 Cc;;mq (10- 17 l-!Ci/ml) of RCGb (10- 17 uCi/ml) 

211 43 2.4 - 10.1 5.1 = 0. 34 0.07 2.0 :: 0.22 
212 43 0.98-11.7 2.5 :: 0.24 0.04 1.9::0.21 
213 43 4.2 - 14.8 8.1 ± 0.42 0.12 3.1 ± 0.27 
214 43 0.98 - 8.5 3. 1 ± 0. 27 0.04 1.9 = 0.21 
215 43 0.37 - 2.9 1.3±0.18 0.02 <1.7:: 0.20 

alower Detection Limit (LDL) for 238 Pu in air is 0.258 x 10- 17 uCi/ml
which is 0.004% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 7000 x 10- 17 uCi/ml for the 
soluble form of plutonium-238 for individuals in the population. 

clower Detection Limit (LDL) for 239 Pu in air is 0.121 x 10- 17 uCi/ml. 

dError limits include only counting .statistics at·95% confidence level. 

Table 6 - CONCENTRATION OF TRITIUM OXIDE IN AIR AT ONSITE SAMPLING LOCATIONS 

Tritium in Oxide 
Number of Range Averagea,c Percent 

Location SamQles (10- 11 uCiLml) (10- 11 uCi/ml) of RCGb 

211 51 <0. 73 - 27.8 <1.8 ± 1.1 <0.009 
212 40 <0.73 - 14.3 <3.0 :± 1.1 <0.015 
213 35 <0.73 - 6.7 <2.0 :± 1.1 <0.010 
214 52 <0.73 - 6.8 <1.6 :± 1.1 <0.008 
215 52 <0.73- 6.4 <1.6 :± 1.1 <0.008 

IN 1977--, 

aLower Detection Limit (LDL) for tritium oxide in air is 0.73 x 10- 11 uCi/ml 
which is 0.004% of the RCG. 

bRadioactivity Concentration Guide (RCG) = 20,000 x 10- 11 uCi/ml for 
individuals in the population and soluble form of tritium. 

cError limits include only counting statistics at 95% confidence level. 



The RCGs used for onsite comparisons are 

those applicable for exposed individuals 

i~ the population. The total amounts of 

plutonium-238 and tritium discharged to 

the atmosphere were 0.012 mCi and 4896 Ci 

respectively. Comparison of these quan

tities to the RCG is not valid. 

Air · nonradioactive 

The Mound steam power supply has been 

converted from fuel oil to natural gas 

(on an interruptable basis) . 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 was approximately 0.4%. During 

1977 Mound steam supply was fired almost 

equally by fuel oil and natural gas. 

Approximately 990,000 gal of No. 2 fuel 

oil were burned. 

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 involving explosives are dis

posed of by open burning. A shipping 

container fire test facility for testing 

shipping containers for radioactive 

wastes is used on the average of once per 

month. A maintenance grinding operation 

and a carpenter shop are also operated on 

an intermittent basis. Firefighter train

ing excercises are held at an open out

door facility. 

Emissions from sources registered with 

the Regional Air Pollution Control Agency 

(RAPCA) and the Ohio EPA which have 

applicable emission standards are summar

ized in Table 7. The emissions were es

timated from em~ssion factors established 
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by the USEPA or from material balances [12]. 

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 

opacity 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 concentra

tion data summarized in Table 8. The data 

presented are weekly particulate concentra

tions measured at Mound's offsite air samp

ling sites. The particulate concentration 

appears to be independent of distance from 

Mound which demonstrates no influence from 

Mound operations. For comparison purposes, 

the State of Ohio - Ambient Air Quality 

Standard for airborne particulates is 60 
\.lg/m3. 

Water - Radioactive 

Water sampling locations along the bank of 

the Great Miami River were selected accord

ing to guidelines recommended by the u. s; 
EPA [13]. 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 sub

jected 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 sensitivity 

in detection of plutonium-238 in water. 

Large volume water samples are analyzed by 

compositing daily samples for a semiannual 
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Table 7 - NONRAOIOAC7IVE AIRBORNE EMISSIONS 1977 

Emission Emission ;~ of 
Source Pollutant Emission Standarda Standard 

Power House Particulates 0.12 lb/lef Btu 0.25 lb/106 Btu 
Input Input 

Power House Sulfur Oxides 0. 39 lb/1 cf Btu 1.6 lb!lOS Btu 
Input Input 

Paint Shop Organics· 0.32 lb/day 40 lb/day 

Explosives Particulates "-' 10 lb/yr NA 
Burning Area 

Firefighter Particulates "' 330 1 b NA 
Training 

aOhio EPA Air Pollution Regulations 3745-1701 through 3745-17-13 and 
3745-21-01 through 3745-21-08. 

NA - not applicable. 

48 

24 

0.8 

NA 

NA 

r----Table 8- 1977 WEEKLY PARTICULAT.__ __ _, 
j CONCENTRATION OATAa 

analysis. The average concentration of 

plutonium-238 measured for all locations 

I 
i 

I 

I 

I 
I 
I 
I 

I 

Location 

101 
102 
103 
104 
105 
108 
110 
111 
112 
115 
118 
119 
122 
123 
124 

Range 
(ug/m3) 

13-189 
19-123 
16- 84 
16-131 
24- 91 
16-143 
15- 88 
21-123 
17- 98 
22-110 
13-113 
2- 94 

21-123 
31-108 
5-100 

Average 
(ug/m3) 

72 
56 
40 
56 
45 
72 
44 
63 
45 
50 
52 
33 
43 
51 
47 

iaohio Ambient Air Quality Standard= 60 ugtm3 

I These data are obtained by Mound's air monitor
! ing program and are indicative only of the par
I ticulate air loading in the Dayton metropolitan 

area. Mound's particulate discharges presented 
in Table 7 make a negligible contribution to 
the surrounding area. 

in the Great Miami River was <0.27 x lo-10 

uCi/ml which is <0.0014% of the RCG for the 
general population and the most restrictive 

standard for plutonium-238. These results 
are summarized in Table 9. 

Tritium analyses are performed on a weekly 

composite of daily samples. The average 

concentration of tritium measured at all 

locations in the Great Miami River was 
<1.4 x lo-6 uCi/ml which is <0.14% of the 

RCG for the general population and the most 

restrictive standard for tritium. These 

results are summarized in Table 10. 

Results of plutonium-238 and tritium analy
sis for three offsite sampling locations on 

the abandoned Miami-Erie Canal and adjacent 

ponds shown in Figure 6 are reported in 

Tables 11 and 12, respectively. However, 

two of these locations, 6 and 7, went dry 

during the early part of the year which 

15 
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FIGURE 5 - Offsite water sampling locations. 
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FIGURE·6- Aerial view (from the north) of offsite abandoned canal and pond system. 
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r----Table 9 - CONCENTRATION OF 238Pu IN THE GREAT MIAMI RIVER IN 1977 
I 
I 

Location 

1 
2 
3 
4 
5 

Number of 
Samples a 

210 
210 
210 
210 
210 

Range Avyrage0 •0 

(10- 10 ~Ci/ml) (10- 0 ~Ci/ml) 

<0.1 - 0.21 
0.16 - 0.23 

<0. 1 - 1 . 5 

<0 .10 ± 0.01 
<0.16 ± 0.02 
0.20 ± 0.01 

<0.80 ± 0.05 
<0.10 ± 0.03 

Percent 
of RcGc 

<0.0005 
<0.0008 
0.0010 

<0.0040 
<0.0005 

~wo composite large volume water samples for each location from water 
collected during CY-1977. 

blower Detedtion Limit (LDL) for 238 Pu in water is 0.1 x 10- 10 ~Ci/ml 
which is 0.0005% of the RCG. 

cRadioactivity Concentration Guide (RCG) a 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. 

~Table 10 - CONCENTRATION OF TRITIUM IN THE GREAT MIAMI RIVER IN 1977 

I Tritium 
Number of Range Avfragea,c 

Location Samples po-6 ~Cilmll po- ~Ci/ml} 

1 210 <0.20 - 4.3 <1.0 ± 0.35 
2 210 <0.20 - 16.8 <1.5 ± 0.36 
3 210 <0.20 - 8.3 <1.9 ± 0.36 
4 210 <0.20 - 23.4 <1.6 ± 0.36 
5 210 <0.20 - 4.5 <1.0 ± 0.35 

alower Detection Limit (LDL) for tritium in water is 
0.20 x 10- 6 ~Ci/ml which is 0.02% of the RCG. 

Percent 
of RCGb 

<0.10 
<0.15 
<0.19 
<0.16 
<0.10 

bDOE Radioactivity Concentration Guide (RCG) which is compared to 
tritium concentration in water not used for drinking purposes = 
1000 x l0- 6 uCi/ml for the general population and the soluble 
form of tritium. 

cError limits include only counting statistics at 95% confidence level. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,----Table 11 -CONCENTRATION OF 238Pu IN WATER FROM CANAL/POND AREA IN 1977----

1 ! . 
Locationa 

8 (South Canal) 

Number of 
Samplesb 

210 

R~nge Av!ragec,e 
(10- 1 UCi/ml) (10- uCi/ml) 

26.0 - 45.0 35.5 ! 0.20 

alocations are shown in Figure 5. 

Percenj 
of RCG 

0.18 

bTwo composite large volume water sample for each location from water 
collected during CY-1977. 

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. 

eError limits include only counting statistics at 95% confidence level. 

~------Table 12 - CONCENTRATION OF TRITIUM IN WATER FR()1 CANAL/POND AREA IN 1977--! 

Tritium I 
Number of Range Averageb,d Percent 

Locationa Samples (10- 6 uCi/ml) (10- 6 uCi/ml) of RCGc 

6 (North Pond) 
7 (North Cana 1) 
8 (South Canal) 

20 
12 

200 

6.8 - 11 
0.6- 7.7 
4.7 - 44 

alocations are shown in Figure 5. 

8.9 ! 0.46. 
5.2 ! 0.41 

24 ± 0.63 

0.89 
0.52 
2.4 

blower Detection Limit (LDL) for tritium in water is 0.2 x 10- 6 uCi/ml 
which is 0.02% 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 include only counting statistics at 95% confidence level. 
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prevented samples from being taken. Total 

annual data on sample location 8, however, 

is shown. These values represent levels 

from the site drainage ditch which dis

charges into the offsite canal-pond sys

tem prior to mixing with the Great Miami 

Rivei. These values, as expected, are 

higher than those concentrations 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 

2.8 mCi, 56.7 Ci, and 3.3 mCi, respec

tively. The concentrations were 0:09%, 

2.3%, and 0.01% of the most restrictive 

RCG for individuals in the population. 

From the uranium-233 concentrations found 

in the effluent streams, estimated concen

trations offsite from Mound operations 

would be undist~nguishable from any back

ground. This can be readily seen by com

paring plutonium-238 quantities found in 

the effluent streams with concentrations 

found offsite. 

Eight additional surface water locations 

such as ponds in all quadrants surround

ing Mound Facility are sampled annually. 

These samples, used for plutonium-238 

determination, are large volume water 

samples of approximately 40 liters each. 
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 <n.l x lo-1° and 

<1.01 x lo-6 uCi/ml, respectively, which 

are <0.0005i and <0~10% of the respective 

RCG far the general population. The re

sul~s of the surface water samples are 

su!T'.marized in Tables 13 and 14. Back

;round levels of plutonium-238 and tri-

·tium f~r the surface water are shown in 

Table 5. 

20 

Drinking water from communities in the 

surrounding area is sampled and analyzed 

annually for tritium with the exception of 

drinking water from Miamisburg which is 

sampled and analyzed quarterly. These 

communities and their relative locations 

are shown in Figure 1. The average con

centration of tritium for all locations was 

1.1 x lo-6 ~Ci/ml which is 5.5% 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 community 

drinking water samples are summarized in 

Table 15. 

Several private wells in the vicinity of 

Mound Facility were analyzed semi-monthly for 

for tritium. The average concentration 

in these wells was 35.3 x lo-6 uC:'./ml. Al

though these wells were always well within 

the prevailing AEC and ERDA standard for 

tritium effluent and drinking water, the 

U. S. EPA's new drinking water standards 

for radiol~gical, biological, and chemical 

elements in water, which became ef~er.tive 

in June 1977, pl~ced some of the wells in a 

noncompliance status because the new stan

dard for radioactivit~ is 50 times less 

than the old standard. The average con·c:eri

tration for 1977 exceeds ~he new standard 

by a factor of 1.8. 

Private well analyses results are summar

ized in Table 16. As shown by the data, 

concentrations in these wells are higher 

than in municipal wells in the area. This 

situation resulted from Mound Facility re

leasing tritiated waste water to the Great 

Miami River via the site drainage ditch 

and Miami-Erie Canal over a period of years 

prior to 1970. Some of the water migrated 

into the aquifer adjacent to Mound Facility 

and increased the concentration of tritium 

in the aquifer. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

;--iable 13 - SUMMARY OF SURFACE WATER MONITORING FOR PLUTDriiUM-228 in 1977--
2JaPu 

Number of Range Averageb,d Percent 
Location Sam2lesa {10- 10 uCilmJl {10- 10 uCi/ml~ of RCGc 

10 210 <0. 1 - 0.13 <0. 12 :!: 0.02 <0.0006 
11 210 <0. 1 :!: 0.01 <0.0005 
12 210 <0.1 :!: 0.01 <0.0005 
13 210 <Q. 1 :!: 0.01 <0.0005 
14 210 <0.1 :!: 0.01 <0.0005 
15 210 <0.1 :!: 0.01 <0.0005 
16 210 <0. 1 :!: 0.01 <0.0005 
17 210 <0.1 :!: 0.01 <0.0005 

~we 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 uCi/ml 
which is 0.0005% of the RCG. 

cRadioactivity Concentration Guide (RCG) for 238 Pu in water = 20,000 x 10-10 
uCi/ml for the general population and soluble form of plutonium-238. 

d~rror limits include nnly counting statistics at 95% confidence l~vel. 

.-----Table 14 - SUMMARY OF SURFACE WATER MONITORING FOR TRITIUM IN 1977---......, 

Tritium 
Number of Range Averagea,c Percent 

Location SamQles {10- 6 uCi/ml} {10- 6 uCilml ~ of RCGb 

10 3 <0 .4 - 1 .. 4 <0.8 :!: 0.6 <0.08 
11 4 <0.4 - 0.9 <0.6 :!: 0.6 <0.06 
12 4 <0.4 - 0.7 <0.5 :!: 0.6 <0.05 
13 4 1.0 - 1.3 1.1 :!: 0.6 0.11 
14 4 <0.4- 1.4 <1 .1 :!: 0.6 <0.11 
15 4 0.8 - 1.5 1.3 :!: 0.6 0.13 
16 4 0.6 - 1.0 0.8 :!: 0.6 0.08 
17 3 1.5 - 2.3 1.9 ± 0.6 0.19 

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 10-6 uCi/ml 
for the general population and soluble form of tritium. 

cError limits include only counting statistics at 95% confidence level. 
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-. -Table 15 - SUMMARY OF TRITIUM LEVELS IN COMMUNITY DRINKING WATER IN 1977--, 

Location 

Bellbrook 
Centerville 
Dayton 
Franklin 
Germantown 
Kettering 
Miamisburg 
Middletown 
Moraine 
Springboro 
Waynesville 
West Carrollton 

Number of 
Samples 

1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 

Range 
( 10- 6 uCi /mll 

1.9 - 4.6 

Tritium 
A~eragea,c 

{10 6 uCi/ml) 

0.5 ± 0.4 
1.1±0.4 
0.5 ± 0.4 
1.3 ± 0.4 
0.8 ± 0.4 
0.8 ± 0.4 
2.8 ± 0.6 
0.9 ± 0.4 
0.7 ± 0.4 
1.3 ± 0.4 
0.6 ± 0.4 
2.0 ± 0.4 

Perc en~ 
of RCG 

2.5 
5.5 
2.5 
6.5 
4.0 
4.0 

14.0 
4.5 
3.5 
6.5 
3.0 

10.0 

aL~er ~etection Limit (LDL) for tritium oxide is 0.25 x 10-6 uCi/ml 
wh1ch 1s 1.2~; of the EPA Standard for community drinking water. 

bEPA Drinkinq Water Standard for tritium 
= 20 x 10-c uCi/ml for community drinking water systems. 

cError limits include only counting statistics at 95% confidence level. 

Table 16 - TRITIUM IN PRIVAlE WELLS IN 1977 

Tritium 
Number of Range Averagea • b ,d Percent 

Location Samples (10-6 uCi/ml) (10- 6 uCi/ml) Standard c -·-·---
B-1 25 33.0 - 59.0 46.7 ± 1.4 233 
B-2 25 23.6 - 35.7 29.9 ± 1.1 149 
B-3 25 22.4- 37.3 31.1 ± 1.2 155 
J-1 24 19.4 - 49.3 33.3 ± 1.2 165 

aThese concentrations are the average levels for 1977. The latest data 
obtained in March 1978 show that these levels have been reduced considerably 
as follows: B-1 = 22.6, B-2 = 22.3, B-3 = 20.9, and J-1 = 27.4 (x 10-6 

uCi/ml). All wells are approaching compliance with the new EPA standard 
of 20 x 10-6 uCi/ml. 

bLower Detection Limit (LDL) for tritium in water is 0.4 x 10- 6 uCi/ml 
which is 0.04% of the EPA Standard. 

cEPA Standard for tritium in community drinking water systems = 20 x 10- 6 

uCi/ml. Mound is using the EPA Standard as a guide for the private water 
supplies. 

dError limits include only counting statistics at 95% confidence level. 
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T~ere is r.o ~ealch pr0blem associated 

with the levels of critium in local water 

supplies although they exceed the new 

~PA standard. The EPA's very conservative 

regulationi for tritium are essentially a 

nondegrada~ion standard and are not based 

on new toxicological or ~pidemiological 

evidence of deleteric~s health effects 

and do not condemn water supplies that 

exceed the new standards. 

Since 1970, changes in operating proced

ures reduced the Mound Facility tritium 

effluent concentration by a factor of 

almost 50 and resulted in a continuing 

decrease of tritium in the private wells. 

In order to accelerate the rate at which 

tritium was being dissipated from the 

aquifer and to achieve compliance of the 

private well~ with the new EPA standard 

at the earliest possible time, Mound ini

tiated a forced water-turnover program for 

the aquifer using a high-capacity well at 

the Mound site and an old well no longer 

used by the City of Miamisburg. These 

wells pumped continuously from spring of 

1977 for the remainder of the year. In

creased wat:er infiltration to and dis

charge from the aquifer have brought some 

of the wells into compliance with the EPA 

standard. It is anticipated that the 

pumping program will result in all pri

vate wells achieving compliance during 

1978. This program has been approved by 

the Ohio EPA and U. s. EPA. Mound has 

a continuing commitment to keep these 

agencies appraised of the program pro

gress to achieve compliance by the 

affected wells. 

A scudy to determine the impact of rain

out of tritium from airborne emissions of 

tritium was conducted during 1977. Pre

cipitation samples were collected at var

ious locations around Mound Facility and 

analyzed for tritium. In addition, 

several occasions, rainwater runof: was 

collected and analyzed. 

The total 1977 rainfall was 34.88 in., wi:~ 

an average tritium concentration of 4 

nCi/liter. A calculated total of 10.94 Ci 

of tritium was in the rainfall over an 

area of 1-km radius around Mound Facili t~· 

during the year, of which an estimated 2.3 

Ci infiltrated the aquifer. This represer.cs 

less than 0.1% of the total tritium released 

to the atmosphere from Mound Facility and 

only 7% of the total amount withdrawn from 

the aquifer during the aquifer pumping pro

gram. Because a large portion of the total 

collected tritium fell during periods of 

heavy rain, with a resultant increased run

off, the total contribution to the aquifer 

could be much lower than 2.8 Ci. 

Runoff water exhibited an average tritium 

concentration of 5 nCi/liter and never ex

ceeded 10 nCi/liter. This concentration 

is well within the U. S. EPA standard for 

drinking water and is similar to the meas

ured average tritium- concentration in rain 

water. 

Two private wells and Miamisburg city 

water were sampled and analyzed monthly 

for plutonium-238. These samples were 

large volume water samples averaging 40 

liters. The average plutonium-238 concen

tration for these locations was <0.46 x lo-10 

~Ci/ml which is <0.002% of the applicable 

DOE RCG for the general population. These 

results are shown in Table 17. 

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 
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-----Table 17 - PLUTONIUM-238 IN PRIVATE WELLS AND MIAMISBUR~----
MUNICIPAL DRINKING WATER IN 1977 

2Jspu 
Number of Percent Range Average 6•d 

.Location SamElesa {10- 10 ;.:Ci/ml) (10- 10 uCi/ml) of RCGc 

Miamisburg 2 <0. 1 ± 0.01 <0.0005 
B-1 2 <O.l ± 0.01 <0.0005 
B-2 2 <0 .1 ± 0.01 <0.0005 
B-3 2 0. 21 - 2.8 1.5 ± 0.08 0.0075 
J-1 2 <0 .1 0.9 <0.5 ± 0.02 <0.0025 

aTwo composite large volume water samples were analyzed from each 
location from water collected during CY-1977. 

blower Detection Limit (LDL) for 238 Pu is 0.1 x 10- 10 uCi/ml which 
is 0.0005% of the RCG. 

cApplicable DOE Radioactivity Concentration Guide (RCG) for 238 Pu in 
water= 20,000 x 10- 10 uCi/ml for the general population and soluble 
form of 2 38 Pu. 

dError limits include only counting statistics at 95% confidence level. 

limitations for pollutants in the two 

effluent streams from Mound that discharge 

~c the Great Miami River. The discharge 

from cutfall number 001 includes the dis

charge from the sanitary waste treatment 

plant, radioactive waste disposal facility, 

single-pass cooling water, zeolite softener 

backwash, and some storm water runoff. The 

discharge from outfall number 002 consists 

of si~gle-pass cooling water, cooling-tower 

blowdown, boiler-plant blowdown, zeolite 

sof~ener backwash, and most of the storm 

water runoff. A 24-hr composite sample of 

each effluent stream is collected auto

matically. The volume of samples collected 

is proportional to the flow in the stream. 

~he composite effluent water samples are 

a~alyzed for water quality parameters 

according to standard methods [14]. The 

results of effluent stream analyses for 

l9i7 are summarized in Tables 18 and 19. 

Only two exceptions occurred during 1977. 

The exceptions were slightly elevated 

suspended solids discharged from outfall 

001 during July. These waterborne 

24 

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 

1977. These data show that the Mound re

leases to the Miami 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 sur

rounding area. The intent of this portion 

of the Environmental Monitoring Program is 

to determine whether there is any uptake 

and concentration of radionuclides by plant 

or animal life. Where possible, sampling 

sites are chosen at maximum deposition lo

cations predicted on the basis of the dif

fusion model developed for Mound Facility 

(15]. Field crops and vegetables are col

lected 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 
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.-----Table 18 - 1977 NATIONAL ?OkLUTANT DISCHARGE ELIMINATION SYSTEMt--~ 
PERMIT DATA FOR STATION 001 · 

Parameter 

Flow , ~~GO Reported 
Penni t 

Reported 
Permit 

No. 
Samples 

Cont. 

88 

Minimum 

0.07 

0.3 

Maximum 

0. 34 
0.92 

7.3 
45 

Average 

0.18 
0.53 

2.2 
30.0 

Fecal 
Coliform 

Reported 
Permit 

12 NO 52 
400 

15 
200 

Suspended 
Solids 

Dissolved 
Oxygen 

Residual 
Chlorine 

Oil and 
Grease 

pH 

Organic 
Carbon 

Arm~onia 

Reported 
Penni t 

Reported 
Penni t 

Reported 
Permit 

Reported 
Permit 

Reported 
Penni t 

Reported 

Reported 

aND - none detectable. 

104 

240 

52 

52 

240 

52 

20 

MGO -million gallons per day. 

1.2 

5.2 

NO 

NO 

6.2 
6.0 

0.1 

32.5 
45 

10.9 

0.6 
0.8 

8.1 
10 

9.0 
9.0 

86 

0.1 

12 
30 

8.4 
5 

0.1 

1.3 

30 

0.1 

Values for fecal coliform are number of coliform per 100 ml of water 
and pH is reported in pH units. 

All other values are in milligrams per liter. 

Standards are thos~ in effc:ct Lhruugr1 June 30, 1 Y77. More 
restrictive standards went into effect on July 1. These are 
given in the Appendix. 
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Table 19 - 1977 NATIONAL POLLUTANT DISCHARGE ELIMINATIO 
SYSTEM PERMIT DATA FOR STATION 002a 

No. 
Parameter SamEles Minimum Maximum Average 

Flow, MGD Reported Cont. 0.18 0.90 0.38 
Permit 0.53 

Suspended Reported 68 3.0 24.6 10.6 
So 1 ids Permit 25.0 20.0 

Dissolved Reported 22 5.1 12.0 9.2 
Oxygen Permit >5.0 

Residual Reported 38 <0.05 0.05 <0.05 
Chlorine Permit 0.10 

Oil and Reported 40 NO 7.0 0.8 
Grease Permit 10.0 

pH Reported 180 6.0 9.0 
Permit 6.0 9.0 

Dissolved Reported 65 242 2918 913 
Solids Permit 3000 2000 

aND - none detectable. 

MGD -million gallons per day. 

All other values are in milligrams per _liter, except pH. 

Standards are those in effect through June 30, 1977. More 
restrictive standards went into effect on July 1. These are 
given in the Appendix. 

dovmstream of Miamisburg and from adja

cent waterways, depending upon avail

ability of fish. Grass samples are 

collected in the vicinity 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 - Radio

active). Milk samples are analyzed for 

tritium oxide by distilling the water 

:ract1on from an aliquot. The distillate 

26 

is then analyzed for tritium by liquid 

scintillation spectrometry in the same 

manner as the water samples (see section 

on Water- Radioactive). The results of 

the foodstuff and vegetation analyses are 

summarized in Tables 20 and 21. The con

centration is given in terms of the sample 

weight (wet weight) before ashing. The 

vegetables analyzed were turnips and 

potatoes. The sample of aquatic life 

analyzed included only the edible fleshy 

portions of fish. No evidence has been 

found that there is any significant up

take or concentration by plant or animal 
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Table 20 - PLUTONIUM-238 IN FOODSTUFFS AND VEGETATION IN 1977 
z l epu 

Type of Number of Range Avera~ea,b,c,d 
SamEle SamEles (10- 10 lJCiLgl ( 10 1 uCi/gl 

Milk 3 <2.0 - 2.1 <2.0 ::!: 0.8 

Vegetables 4 <7.5- 11.0 <8.4 ::!: 2.8 

Grass 25 <6.6 - 44.6 13.1 ::!: 6.2 

Aquatic Life 4 <5.3- 9.6 <6.7! 1.4 

3 Lower Detection Limit (LDL) for :Japu in milk is 2.0 x lQ-10 ].l(i/g 

blower Detection Limit (LDL) for z ;a Pu in vegetables is 7.5 X 10- 10 uCi/g 

cLower Detection Limit (LDL) for 2l epu in grass is 6.6 X 10- 10 · uCi/g 

dLower Detection Limit (LDL) for 2lBpu in aquatic life is 5.3 x 10- 10 uCi/g 

eError limits include only counting statistics at 95% confidence level. 

,------Table 21 - TRITIUM IN FOODSTI.Jj:"F~ A"-1 ~ VEGETATION IN 1977------, 

Type of 
Sample 

Milk 

Number of 
SamEles 

4 

Tr1tium 
Range 

(10- 6 flCiLg) 

0.27 - 0.45 

Averagea,b 
(10- 6 uCiLg) 

0.38 ::!: 0.23 

3 LDL for tritium in milk= 0.16 x 10- 6 uCi/g. 

bError limits include only counting statistics at 95% confidence level. 

life of the radionuclides handled at 

Mound Facility. 

Silt - radioactive 

Silt samples were collected from the 

surface 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 22, 23, and 24. 

Soil - radioactive 

During CY-1977, emphasis was placed on 

completing Mound's Soil Inventory for plu

tonium-238. Essentially all the soil 

samples taken and analyzed during CY-1977 

were related to the Soil Inventory Program. 
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.,.---------Table 22 - PLUTONIUM-238 IN SILT FROM RIVER-------
MONITORING LOCATIONS IN 1977 

23epu 23epu 
Number of Range Averagea,b 

Location SamEles {10- 6 yCi[g~ (10- 6 yCi(g} 

1 2 0. 51 - 1.1 0.8 ± 0.05 
2 2 0.48 - 14.4 7.4 ± 0.07 
3 2 2.6 - 2.8 2.7 ± 0.12 
4 2 4.4 - 5.1 4.7 ± 0.15 
5 2 <0.3 - 1.6 <0.9 ± 0.04 

~ower Detection Limit (LDL) for 238 Pu in silt is 0.3 x 10- 6 ~Ci/g. 

bError limits include only counting statistics at 95% confidence level. 

----Table 23 - PLUTONIUM-238 IN SILT FROM SURFACE WATER MONITORING LOCATIONS IN 1977·----

23epu 23Bpu 
Number of Range Averagea,b 

Location SamEles po-6 yCiLg} {10-6 I:!Ci(g~ 
10 2 a <0.3 ± 0.02 
11 2 a <0.3 ± 0.01 
12 2 a <0.3 ± 0.01 
13 2 a <0.3 .:!: 0.03 
14 2 a <0.3 ± 0.02 
15 2 a <0.3 ± 0.001 
16 2 a <0.3 ± 0.05 
17 2 <0.3 - 0.55 <0.4 ± 0.05 

aLower Detection Limit (LDL) for 238 Pu is 0.3 x 10-6 ~Ci/g. 
bError limits include only counting statistics at 95% confidence level. 
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------Table 24 - PLUTONIUM-238 IN SILT FROM CANAL/POND AREA SILT IN 1977-------

Locationa 

8 (South Canal) 

Number of 
SamEles 

2 

aLocations are shown in Figure 5. 

23Bpu 
Range 

(10- 6 ~Ci/g) 

61.1-263.9 

23epu 
Averageb,c 

(10- 6 ~Ci/g} 

162.5 ± 0.63 

bLower Detection Limit (LDL) for 238 Pu in silt is 0.3 x 10-6 ~Ci/g. 

cError limits include only counting statistics at 95~ confidence level. 
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The purpose of the soil inventory was to 

establish the quantity of plutonium-238 

which was deposited in the environment 

from Mound Facility stack emissions. A 

preliminary soil inventory was performed 

in 1975; however, soil sampling was not 

completed, and additional samples were 

taken in 1977, to extend the soil iso

pleths to background concentrations. 

Soil core sample values around and with

in the Facility site boundary were used 

to arrive at an estimate of deposition 

of airborne plutonium-238 from Facility 

operations. The core sample depths in 

most cases were 30 em with a core diam

eter of -8 em. Ten cores were collected 

at each sampling location. The ten cores 

_ were composi ted, dried, crushed, and 

passed through a quarter-inch mesh screen. 

The sample was then riffled down to 

approximately 3 kg and pulverized to pass 

a 60-mesh sieve. Aliquots of 500 g or 

1000 g, depending on soil location, were 

then taken from this homogenized sample 

for analysis. The analytical scheme used 

for these analyses was essentially the 

HASL (now E11L) Procedure No. E-Pu-06 

using plutonium-242 as the internal 
tracer. 

A series of soil sampling locations 

sampled earlier were reinforced by 31 

additional locations in 16 different 
directions and distances from the Facil

ity. A total of 79 soil sampling loca

tions were used in the inventory. 

Soil background levels were obtained by 

collecting four additional samples at 

0°, 90°, 180° and 270° at distance rang
ing from 34 to 51 km (21 to 32 mi). The 

ratio of plutonium-239 to plutonium-238 

ranged from 22 to 27 for these samples 

which is .in good agreement with accepted 

values for fallout or background pl~~=~~~~ 
(23]. The plutonium-238 values in t~ese 

samples averaged 0.1 mCi/km 2 and any ~alue 
exceeding that level was assumed to be ~~e 

result of past emissions from Mound 
facilities. 

The soil sampling values along each of 16 

equally spaced radials originating in the 

center of Mound Facility were fit to power 

function curves by a least squares proc=am. 
The concentration along each of the 16 

radials is represented by the equation: 

y = axb 

where y . . /k 2 concentrat~on, me~ m 

a = constant 

x = distance, km 

b = exponent, <0 

Table 25 shows the values a, b, and the 

correlation coefficient for each of the 

16 radials. The distances between each 
radial were obtained by a data smoothing 

·technique. The isopleths were then 

completed and the area between isopleths 

was measured by planimetry. The concen

tration calculated at the midpoint dis
tance between each isopleth was. used as 

the average concentration for the area be

tween the isopleths. The isopleth plot 
is shown in Figure 7. 

The total quantity of plutonium-238 in the 

offsite environment due to airborne emis

sions from Mound operations is estimated 
by this technique to be 360 mCi. The error 

associated with this value is estimated to 

be +35% which includes errors due to chem

ical analysis, counting, area measurement, 

and sampling. Radiation dose to the public 

due to resuspended plutonium, even from the 
areas of maximum concentration, is well 

within the proposed EPA standard for trans

uranium elements in soil. 
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Table 25 • CONSTANTS FOR THE EQUATION: y = axb . 
AND CORRELATION COEFFICIENTS SHOWING GOODNESS OF FIT 

Direction 
Radial Constant 

{de2rees) a 

0 10.59 
22.5 16.33 
45 6.57 
67.5 11.08 

90 14.16 
112.5 6.41 
135 4.07 
157.5 1.32 
180 0.83 
202.5 1.11 
225 3.30 
247.5 13.53 
270 5.30 
292.5 6.67 
315 6.08 
337.'5 2.02 

Evaluation of potential 
dose 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 asssumed to be the lung 
for insoluble material and the bone for 

soluble material. The solubility of plu

tonium-238 in the receptor is unknown; 

therefore each dos~ evaluation for both 

lung and bone were based on total con

centration of plutonium-238 found in the 

environment. This approach gives a very 

conservative estimate of dose equivalents. 

Exponent Correlation 
b Coefficient 

·l .96 -0.98 
-1.98 -0.98 
-1.65 -0.98 
-1.93 -0.97 
-1.97 -0.97 
-1.89 -0.99 
-l. 55 -0.98 
-1.49 -0.99 
-0.90 -0.98 
-1.03 -0.99 
-1.58 -0.93 
-2.06 -0.91 
-1.66 -0.96 
-2.24 -0.99 
-2.43 -0.99 
-1 .92 -0.99 

Plutonium-238 assumptions 

and methodology 
The dose equivalent estimates. for pluton

ium-238 were based on environmental moni

toring data for CY-1977. The estimates 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 average concentration 

of plutonium-238 in air from onsite sam

plers (sampler 213) since the samplers are 
in close. proximity to the site boundary. 

The maximum dose equivalent to the lung in 

population group(s) was based on the maxi

mum offsite average concentration of plu

tonium-238 in air (sampler 123). 

The estimates for maximum dose equivalent 

to the bone at the site boundary and in 
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FIGURE 7 - Plutonium-238 in soil isopleths (mCi/km 2). 
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indivlduals were also based on the maxi

mum onsite average concentration of plu

toniurn-238 in air and the maximum offsite 

average concent.ration of plutonium-238 

in drinking water (average of B-1, B-2, 

B-3). The maximum dose equivalent to 

the bone for individuals in population 

group(s) was based on the maximum offsite 

average concentrations of plutonium-238 

in air and water (Miamisburg drinking 

water). The total dose equivalent for 

bone was obtained by the addition of the 

dose equivalent of plutonium in air and 

the dose equivalent of plutonium in water. 

The term "maximum dose equivalent at the 

site boundary" and "maximum dose equiva

lent to individuals" refer to the maxi
mum dose equivalent possible for individ

uals to receive assuming they remain at 

the site boundary 24 hr/day and 365 days/ 

yr. The term "maximum dose equivalent 

for individuals in population group(s)," 

refer to those individuals who reside in 

a location adjacent to Mound Facility who 

receives the maximum dose equivalent 

values found in the offsite environment. 

The calculational ~ethods can be found 

in the Appendix. 

Tritium (oxide) assumptions 

and methodology 
The dose equivalent estimates for tri

tium (oxide) were also based on environ

~ental monitoring data for CY-1977. 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 concentration was measured at 

sampler 212, and the maximum drinking 

water concentration was the average of 

.52 

B-1, B-2, and B-3. The maximum average 

offsite air concentration was measured 

at sampler 102, and the maximum concentra

tion of drinking water for individuals 

in a population group was Miamisburg 

drinking water. The total dose equivalent 

for the whole body was obtained by addi

tion of the dose equivalent of tritium 

(oxide) in air and the dose equivalent 

of tritium (oxide) in water. The calcu

lational methods can be found in the 

Appendix. The results of the dose esti

mate calculations are shown in Table 26. 

The 80-km (50-mi) person-rem (whole body) 

dose equivalent estimates were based on 

average tritium (oxide) data from environ

mental air sampling stations, average tri

tium (oxide) data in community drinking 

water, and atmospheric dispersion estimates. 

Two ranges of dose equivalent estimates 

based on distance from Mound Facility, 

wer-e considered to obtain the 80-km (50-mi) 

person-rem dose estimate. The first range 

was from 0 to 3.2 km (2 mi). The second 

range was from 3.2 to 80 km (50 mi). 

The 0 to 3.2 km (2 mi) range dose estimate 

for airborne tritium oxide was obtained 

from the average concentration (less back

ground) of nine offsite tritium (oxide) 

samplers with a 3.2 km (2 mi) radius of 

Mound Facility. The dose in this distance 

range from tritium (oxide) in water was 

obtained from a weighted average of drink
ing water concentrations. These dose 

equivalents from tritium (oxide) in air and 

in water were summed. 

The 3.2 to 80 km (50 mil range dose esti

mate was obtained by finding the midpoint 

distance where the average tritium (oxide) 

concentration of the remaining offsite 

samplers would be located. This value is 
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~-------------------Table 26 - DOSE EQUIVALENT ESTIMATES-----------------------

Plutonium-238 (mrem/yr) Tritium Oxide (mrem/yr) 
Whole Body 

Maximum dose 
equivalent at the 
site boundary 

Maximum dose 
i equivalent to an 

1

1 
individual 

Maximum dose 

I' equivalent to an 
individual in the 

~ Bone 

0. 11 0.047 3.47 

0. 11 0.047 3.47 

I population 
, group(s) 0.036 0.016 0.21 L ________________________ ~ 
estimated at 6.3 km (4 mi) [21). From 

this distance and average concentrations 

of tritium (oxide) at sampling locations 

from 3.2 t~ 32 km (20 mi), it was deter

mined that the maximum distance of in

fluence from Mound Facility is -32 km. 

Beyond 32 km the levels are calculated 

to be background concentrations. 

The dose equivalent for tritium (oxide) 

from 3.2 to 32 km (20 mi) was based on 

the average of the remaining tritium 

(oxide) air sample concentrations and the 

average of the remaining community drink

ing water concentrations. The calcula

tions are shown in the Appendix. 

These calculated doses were then weighted 

by the population in each range. The 

t~tal person-rem from 0 to 32 km is equal 

to 12.2 person-rem in addition to back

ground. Based on diffusion model calcu

lations, the remaining population from 32 

to 80 km (50 mi) is not receiving dose 

from tritium (oxide) emissions from 

Mound Facility; therefore, the total per-. 

son-rem from 0 to 80 km from tritium (ox

ide) emissions from Mound Facility is 

equal to 12.2 person-rem. 

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 (50 mi) range [22). The dose com

mitment due to 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 Protec

tion," offsite sample results are com

pared with RCG's established for the gen

eral population. 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 

milliliter - ~Ci/ml) used for comparison 

purposes for the various types of samples 

in this report are listed below. In 

all cases, these are the most restric

tive RCG' s 

Plutonium-238 (Soluble Form) 

Air 

Water 

General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

Tritium (Soluble Form) 

Air 
General Population 

Uncontrolled Area 

(Individuals in 

the Population) 

2xlo-14 ~Ci/ml 

7xlo-14 uCi/ml 

2xlo-6 uCi/ml 
5xlQ-6 uCi/ml 

7xlo-8 uCi/ml 
2xlo-7 uCi/ml 

Water (DOE RCG is compared to water not 
used for drinking purposes) 

General Population lxl0-3 uCi/ml 

Uncontrolled Area 3xlo- 3 uCi/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 lo-6 uCi/ml (20,000 pCi/ll. 

Foodstuffs 

There are no RCG values specified 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 dis

charge permit under NPDES regulations cov

ering both Mound Facility liquid effluent 

streams. The discharge limitations for 

each effluent stream through June 30, 1977, 

are as follows: 

Outfall Number 001 
Flow (106 gal/day) 

BOD-S Day (mg/liter) 

Suspended Solids 

(mg/liter) 
Dissolved Oxygen 

(mg/liter) 

Residual Chlorine 

(mg/liter) 

Oil and Grease 
(mg/liter) 

Fecal Coliform 
(No ./100 ml) 

pH 

Daily 
Average 

0.53 

30 

30 

5 

200 

6-9 

Daily 
Maximum 

0.92 

45 

45 

0.8 

10 

400 
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Outfall Number 002 

Flow (106 gal/day; 

Suspended Solids 

(mg/liter) 

Dissolved Oxygen 

October-April 

(mg/li ter) 

May-September 

(mg/liter) 

Residual Chlorine 

(mg/liter) 

Dissolved Solids 

(mg/liter) 

Oil and Grease 

(mg/li ter) 

pH 

Daily 
Average 

0.53 

20 

>B 

>5 

2000 

6-9 

Daily 
Maximum 

25 

0.1 

3000 

10 

The discharge limitations for each efflu

ent stream as of July 1, 1977, became 

more restrictive and are as follows: 

Outfall Number 001 

Flow (106 gal/day) 

BOD-S Day (mg/liter) 

Suspended Solids 

(mg/liter) 

Dissolved Oxygen 

(mg/liter) 

Residual Chlorine 

(mg/li ter) 

Oil and Grease 

(mg/liter) 

pH 

Outfall Number 002 

Flow (106 gal/day) 

Suspended Solids 

(mg/liter) 

Dissolved Oxygen 

(mg/liter 

October-April 

(mg/liter) 

38 

0.53 

10 

10 

5 

6-9 

Daily 
Average 

0.53 

15 

B 

0.92 

15 

15 

0.5 

10 

Daily 
Maximum 

20 

Daily Daily 
Outfall Number 002 Avera9:e Maximum 

May-September 

(mg/liter) 5 
Residual Chlorine 

(mg/liter) 0.05 

Oil and Grease 

(mg/liter) 10 

Dissolved Solids 

(mg/liter) 1500 2000 

pH 6-9 

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 

Dissolved Solids 

Ammonia 

Arsenic 

Barium 

Cadmium 

Chloride 

Chromium (Hexavalent) 

Cyanide (Free) 

Fluoride 

Foaming Agents (MBAS) 

Iron 

Lead 

Manganese 

Mercury 

Oil & Grease 

Phenols 

Selenium 

Silver 

Copper 

Zinc 

Average 
Concentration 

(m9:/li ter) 

5.0 

6-9 

200 per 100 ml 

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 
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Dose equivalent calculations 

PLUTONIUM-238 CALCULATIONAL METHODS 

The dose equivalent to the lung resulting 

from continuous inhalation of airborne 

plutonium-238 was calculated by: 

D(t) = Sl.lCiatfafr EEF(RBE)n l-e-\t 
\m ( 1-;;;..>..,....;t:...__ 

where D(t) dose equivalent delivered to 

the lung in 365 days of con

tinuous exposure· to pluton

ium-238 in air, rem/yr. 

C = average airborne concentra

tion, uCi/ml 

Ia average air intake = 2 x 10 7 

ml/day (Ref. 16) 

t time exposed, 365 days 

fa fraction of inhaled mate
rial reaching organ of inter

est= 0.7 (max.) for the pul

monary region (Ref. 17) 

fr = fraction of pulmonary depo

sition undergoing long-term 

retention = 0.6 for actinide 

(class Y) (Ref. 17) 

EEF(RBE)n effective energy deposition 

per disintegration = 57 

(Ref. 16) 
\ = effective decay rate, 0.0014 

day-l for actinides (class 

Y) from the pulmonary region 

(Ref. 18) 

m lung mass, 1000 g (Ref. 16) 

The dose equivalent to bone resulting 

from continuous inhalation of airborne 

plutonium-238 was calculated by: 

. 
D(t) = Sl.lCiafat EEF(RBE)n 1-e-\t 

\m (l- Xt 

where fa= 0.2 (Ref .. l6) 

EEF(RBE)n 284 (Ref. 16) 
m 7 X 10 3 g (Ref. 16) 

3 x lo-5 day-l (Ref. 16) 

The dose equivalent to bone resulting 

from continuous ingestion of plutonium-238 

in water was calculated by: 

m 

where Iw average quantity of water in

take, 2200 cm3 (Ref. 16) 

fa = 2.4 x 10-S (Ref. 16) 

TRITIUM OXIDE CALCULATIONAL METHODS 

The dose equivalent to the whole body 

resulting from continuous exposures to 
tritium (oxide) in air was calculated by: 

D(t)a = ~ X 5 

where D(t)a =dose equivalent, mrem/yr 

ca = average concentration of 

tritium (oxide) in air 

Ra = RCG for tritium (oxide) in 

air (Ref. 6) 

5 = Radiation protection 
standard in mrem/yr (Ref. 6) 

The dose equivalent to the whole body re

sulting from continuous uptake of tritium 

(oxide) in water was calculated by: 

D(t)w = ~w x S 
Rw 

where D(t)w = dose equivalent in mrem/yr 
Cw average concentration 

Rw = RCG for tritium (oxide) in 

water (Ref. 6) 
S = radiation protection standard 

in mrem/yr (Ref. 6) 
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Those dose equivalent values were 

divided by 1.7 in order to reflect the 

quality factor of one as recommended by 

the International Commission on Radio

logical Protection [19] and the National 

Council on Radiation Protection and 

Measurements [20]. 

Person-rem calculations 

The equations used for this calculation 

_in the 0-3.2 km range were: 

D(t)a 
0 - 3.2 

Ca 
Ra X S 

where D(t)a 
0 - 3.2 

dose equivalent from 0 to 

3.2 km from tritium (oxide) 

in air 

Ca average tritium (oxide) 

concentration in air from 

0 to 3.2 km 
Ra RCG for tritium (oxide) 

in air (Ref. 6} 

S = radiation protection 

standard for tritium (oxide) 

in air in mrem/yr (Ref. 6) 

~ ~Hw ~~ x S 

where D(t)w dose equivalent from 0 to 
0- 3.Z 

3.2 km from tritium (oxide) 

in water 

Cw average tritium (oxide) 

concentration in water 

from 0 to 3.2 km 

Rw RCG for tritium (oxide) 

in water (Ref. 6) 

s = radiation protection stand

ard for tritium (oxide) 

in water, mrem/yr (Ref. 6) 

The equations for these calculations in 

the 3.2 to 32 km range are: 

D(t) a 
;.:: .. : :: 

Ca 
Ra X S 

40 

where 

where 

D(t)a dose equivalent from 3.2 to 
3.<. - 3 2 

32 km ::rom tritium (oxide) 

in air 

Ca = average tritium (oxide) con-

centrations in air from 3.2 

to 32 km 

Ra = RCG for tritium (oxide) in 

air (Ref. 6) 

s = Radiation Protection Standard 

for tritium (oxide) in air, 

mrem/yr (Ref. 6) 

D(t)w Cw s -X Rw 3.2. 32 

D(t)w = dose equivalent from 3.2 to 
l.2- l 2 

32 km from tritium (oxide) 

in water 

Cw = average tritium (oxide) con

centration in water from 3.2 

to 32 km 

Rw = RCG for tritium (oxide) in 

water (Ref. 6) 

S = Radiation Protection Standard 

for tritium (oxide) in water, 

mrem/yr (Ref. 6) 

The total person-rem from 0 to 32 km is 

obtained by: 

l2 ( ) 3.2 (- - 'l3 2 [R = ~(t)a + D(t)w [P ~ D(t)a + Dlt)w ZP 
0 0-3.2 0-~.2 0 3.2-3 2 3.2-32 3.2 

3 2 
where l:rt person-rem within 32 km 

3.2 
;:p = population from 0 to 3. 2 km 
0 

14,700 
3 2 
ZP population from 3.2 to 32 km 
3.2 

881,241 
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