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and Associated Uncertainties for 1951-1988

GLOSSARY OF TERMS AND ACRONYMS
Euch term or acronym is in italics the first time it appears in the text.

. . . .
Activation products are radionuclides that result from the absorption of neutrons by

uranium and other materials present in a nuclear reactor. An example is plutonium-239
produced following neutron absorption by uranium-238. :

AMAD - Activity median aerodynamic diameter, a measure of particle size.

AMS - Air monitoring stations

Anisokinetic sampling -refers to a mismatch between the air or fluid velocity in the
sampling probe and that in the stack releasing airborne effluents. It is a source of bias in
effluent sampling. In contrast, isokinetic sampling results in an unbiased sample of ‘the
stack effluent.

Assessment Domain is.the region surroundmg a facility for which radiation doses to
people are calculated; for this project, a circular region with a radius of 10 kilometers (km)
(6.25 mi.) with its center in the FMPC production area.

Background Radioactivity - refers to radioactive elements in the natural environment
including those in the crust of the earth (like radioactive potassium, uranium and thorium
isotopes) and those produced by cosmic rays.

Bias is a systematic distortion of measurements that makes the results inaccurate.
CDC - Centers for Disease Control and Prevention, who funded the Fernald study.

Chemical Symbols are abbreviations for different elements and compounds. Examples of
elements include U for uranium, O for oxygen, N for nitrogen and F for fluorine. Examples
of compounds include UF, for uranium tetrafluoride (green salt) and UO;, or uranium
trioxide (orange oxide).

Contamination refers to unwanted radioactive material, or to the'debosition of radioactive
material in the environment or in any place where it may make surfaces or equipment
unsuitable for some spec:ﬁc use. :

Decay (daughter) products refer to the isotopes or radionuclides that result from
radioactive decay of isotopes, such as the uranium and thonum isotopes. In most of the
feeds received by the FMPC, the uranium had previously been separated chemically from
the other decay products. As a result, the facility's effluents’ consisted primarily of uranium,

-and decay product radionuclides were generally present in small quantities. In naturally-

occurring uranium ores, the decay products include isotopes of uranium, protactinium,
thorium, radium, radon and radon daughter products. Radon daughter products that are

Radiological Assessments Corporation
“Setting the standard in environmental health”



Page vi The Fernald Dosimetry Reconstruction Project
: Tasks 2 and 3, Source Terms and Uncertainties

derived from uranium are the short-lived .._(legay _products Afréh.l radon-222, and include

ppolonium-218, lead-214, bismuth-214 and polonium-214.

Denitration - a process in Plant 2/3 in which nitrates were driven off by heating uranyl
nitrate hexahydrate (UNH) to produce uranium trioxide (UOj,, or orange oxide).

Derbies are masses of uranium metal fabricated-in Plant 5. The derbies were then remelted

and cast into ingots of metallic uranium.

- Direct exposure - refers to one pathway of exposure of people to radiation from the FMPC.

In this exposure pathway, penetrating radiation emitted from radioactive material is

_ partially absorbed by individuals exposed to_it. The amount of exposure decreases with

distance from the source. An example is gamma radiation from the K-65 silos that resulted
in low-level exposure of nearby residents.

DOE - US Department of Enefgy

R

Dose is a general term denoting the quantity,of radiation or energy that is absorbed by the

., body. There are technical terms with specific deﬁmtwns _such as absorbed dose, dose
- equivalent, effective dose, etc.

’ :' 5
g

Dust Collector is one type of filtration system for airborne effluents used at the FMPC to

remove airborne particulate material before;it__was'diséharged through the stack to the

outside. The filtering medium is similar to t.hat. used for large fiber vacuum cleaner bags.

1

Efﬂuent is a gas or hquxd contammg contammants that ﬂows from a process, bulldmg or

,.”,the site into the surrounding environment.

Empxncal values are values which are measured (as opposed to theoretlcally determmed

orcalculatedvalues) S A CLe

Enrichment of uranium - a process by which the relative abundances of the isotopes of
uranium are altered, thereby producing a form of the element that has been enriched in one
particular isotope and depleted in its other isotope. For example, natural or “normal”
uranium contains 0.72% 23U. Enriched uranium. contains more than .the - natural

concentration of 235U, while depleted uranium contains significantly less than 0.72% 2%U.

. ’ . .
¥ P~ . B .
: RET Y . . . 2

' : S LY St - S
Entrainment is a process in which the uranium-containing liquid droplets in a scrubber -

are carried by the exhaust air stream and are vented to the atmosphere with the exhaust
gases. ’
Environmental exposure - exposure to radiation ﬁmrough environmental pathways.

et

Epidemiology - the study of diseases in human populations.
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Fission products are radionuclides that result from the splitting of heavy elements like
uranium in a nuclear reactor. Examples are strontium-90 (*!Sr), technetium-99 (7T¢),
ruthenium-106 (1%Ru) and cesium-137 (137Cs).

FDRP - Fernald Dosimetry Reconstruction Project

FEMP - Fernald Environmental Management ErOJect the new name of the FMPC
beginning in 1991.

FMPC - Feed Materials Production Center

GM -~ Geometric Mean, or median, the central point of a distribution. Half of the values are
larger than the median value and half are smaller.

GSD -~ Geometric Standard Deviation, a measure of the spread of a dlstnbutlon ‘A large
GSD indicates a wide range of measured or calculated values.

_ Grab samples - samples, usually of relatively small volume, taken at random or at

preselected frequencies. These samples define the concentration of a contaminant at the
specific time when they are collected and differ from -continuous or proportional samples
which are intended to reflect the time averaged value.

Great Miami River is the ' major water flow near the Feed Materials Production Center
(FMPC) that receives most of the liquid effluents from the FMPC. The river, located about a
mile east and south of the FMPC, runs in a southerly direction and enters the Ohio River
approximately .18 miles (29 km) downstream of Cincinnati. Upstream of the FMPC. on the

. Great Miami River lie the communities of Fairfield, Hamilton, Middletown, and Dayton.
The flow of the river at the Hamilton gauge averages 3300 cubic feet per second (cfs) (93.4°
m? s71) with a maximum of 352,000 cfs (9970' m3 s-1) measured in March 1913 and a-

minimum of 100 cfs (2.8 m3 s~!) measured in September 1941.

" Green salt is the common name for uranium tetrafluoride (UF,), the prodqct'from the

Plant 4 operations that was sent to Plant 5 for conversion to derbies.

Gulping operations.refers to a process in Plant 2/3 in which orange -oxide (uranium
trioxide, or UO,) from the denitration pots was transferred by a vacuum hose to a storage
hopper. It appeared that the hose was “gulping” the orange oxide.

IH&R - Industrial Hygiene and Radiation Department at the FMPC

ICRP - International Commission on Radiological Protection

IT ~ International Tech‘nology Corporation

Radiological Assessments Corporation
* “Setting the standard in environmental health”™



* NOg - nitrogen ox1des such as NO, and NOj, *

Page viii : " The Fernald Dosimetry Reconstruction Pro_]ect
) : Taslcs 2 and 3, Source Terms and Uncertamtres

K-65 Silos - The K-65 Storage Silos are large concrete tank like structures that store
residues from the extraction of uramum ‘from ores that were processed dunng the early
years of FMPC operations. " e e ‘

- A

knlo a prefix that multrplles a basic unit by 1000. For example, 1 krlogram 1000 grams

" Lognormal distribution - If the loganthms of a set of values are distributed accordmg to

a normal (“bell-shaped”) distribution the values are said to have a lognormal distribution, or
be dlstnbuted “lognormally

vl N T T

MTU abbrevratlon for metnc _ton of nramum one MTU equals 1,000 kg or 2 ,200 pounds

NCRP ~ National Coi.mcll on Radxatlon Protection and Measurements

: NKES Northern Kentucky Envrronmental Semces '

I T AU . BEE

* NLO - National Lead Company of Ohro, the ¢ontractor for the FMPC through the end of
. 1985

R DA

ODH Ohxo Department of Health

Orange oxide - abbreviation for uramum trloxrde (UOy), the product from the Plant 2/3

. reﬁnery that was sent to Plant 4 for further processmg

OSTI - the _Qfﬁce of Scientific and Iechmcal Informatron located in Oak Ridge, Tennessee, '

Jis the national center for worldwide literature on scientific and technical energy-related
“ matters. It was one of the sources of mformatxon ‘that RAC used for* completlon of the
’ prOJect e

4 . : e

ok

joins the Great Miami River approx]mately '3 kilometers south of the’ FMPC. The flow in
Paddy’s Run, which generally exists only during January to May, averaged 2 to 4 cfs (0.065
to 0.1 m? s71), Since flow in Paddy’s Run is dependent upon rainfall, discharges from the site

"'to Paddy’s Run generally occurred dunng penods of heavy rain and runoff when the storm

sewer outfall overflowed, or when runoﬂ' from the’ west side the of sxte flowed mto the

* Paddy’s Run. L S a.,;‘.’.”.f"i'i’.. 4

plco a prefix that multiplies a basi¢ unit by'1/1,000,000,000,000 or 1 x 10'12 For example 4
one plcocune (pCi) equals 1 x 10~12 curie (Ci).

RAC - Radiological Assessments Corporatwn was: the group chosen by "CDC to’ do the
Fernald Dosimetry Reconstruction Project.
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Recycled uranium is uranium that had been irradiated in nuclear reactors, where
finished uranium products were used. As a result, when the uranium was recovered and
returned to the FMPC, small amounts of fission and activation products were introduced
into the process stream.

Reentrainment is a process. whereby the exhaust airflow creates new droplets from liquid
that had been previously collected by a screen type filter.

Scrubber - a type of treatment system for airborne effluents that uses liquid droplets to
remove particulate matter and reactive gases from airborne waste streams before they were
discharged through the stack to the outside. At the FMPC, scrubbers were used in Plant 2/3
(refinery) and in Plant 8 (scrap recovery).

Scrub Liquor - the scrub liquor is the liquid in a scrubber that cleans or scrubs the

exhaust air from certain plant operations. The liquid removes reactive gases and particles in
the airstream before the airstream is discharged to the atmosphere. :

South Plume -refers to the groundwater that has been contaminated by uranium from the
FMPC. It extends southward from a point south of the waste pits and reflects the movement
of contaminated groundwater.

Source Term - refers to the quantity, and chemical and physical form of radioactive
materials released to the environment from various locations onsite.

SSOD - The Storm Sewer Qutfall Ditch is a drainage ditch that runs south from the FMPC
production area near the storm sewer lift station to Paddy’s Run.

TLD - A Lheiméluminescent dosimeter is a device used at the FMPC to measure the
amount of external radiation in the environment. Thesé devices measure both radiation
from naturally-occurring radioactivity in the soil and from the K-65 silos.

TRU - transuranic nuclides refer to isotopes heavier than uranium that are created by
neutron capture by heavy elements.

Uncertainty; -term used to describe probable bounds on, or how much evidence we have to

. support, our key findings.  Uncertainty can result from two process: the first is due to

random variations in sampling, measurement, and operational procedures. The second type
of uncertainty occurs because of a lack of information about particular processes. This may
occur because the right measurements were not done during part or most of the period of
facility operation.

UF - uranijum tetrafluoride, or green salt was the product from Plant 4 that was sent on to
Plant 5 for conversion to derbies.

Radiological Assessments Corporation -
“Setting the standard in environmental health”
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UNH - uranyl nitrate hexahydrate was an lntermedlate step in the denitration process in
Plant 2/3; nitrates were removed from UNH to produce uranium trioxide (UQj3, or orange
oxide). .
"UQjy - uranium trioxide, often called orange ox1de was produced in the Plant 2/3 refinery
and was sent to Plant 4 for further processmg

RN & "y

UO,(NO;), - uranyl nitrate was a product of ibe'digestion phase in the Plant 2/3 refinery.
USGS - United States Géolog%ca_l Survey

Validation is the comparison of available measurements of the radlonuchdes in the local
environment during the penod of st.udy w1th correspondmg predxctxons from mathemat.:ca]
-models. ,
" WMCO - Westinghouse Materials Company ‘of Ohxo, the FMPC sxte contractor from 1986
through 1992 .
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Radionuclide Source Terms .- } A " Page xi
and Associated Uncertainties for 1951-1988

EXECUTIVE SUMMARY

.The purpose of the Fernald Dose Reconstruction Project (FDRP) is to estimate radiation:
doses to people who lived near the Fernald (Ohio) Feed Materials Production Center
(FMPC) during its years of operation from 1951 to 1988. Exposures resulted from both
planned and unplanned releases of radionuclides to the environment. The study was
conducted for the Centers for Disease Control and Prevention.

The project was divided into seven tasks. The goal of Task 2 was to determine the
radionuclide source term for the facility; that is, to determine both the amounts of
radioactive material released to the environment and the variability of release rates. The
Task 3 objective was to determine the uncertainties associated with those past releases.

This final report describes our estimates for source terms for the period 1951-1988. In
finalizing this report, RAC has considered comments and suggestions received from a
number of sources on our draft report (Voillequé et al. 1993). Initially we examined a three-
year period in the early sixties to develop the methods that would be applicable to all years

. (Voillequé et al. 1991). _
Our calculations are based on a thorough search of records documenting operatxons and

effluent and environmental monitoring at the FMPC. In some cases, effluent measurement
data from which estimates could be derived directly were not available. These situations

were handled using statistical methods that simulate a possible range of values that could

have existed. Source terms were divided into three categories of release: emissions to air,
emissions to surface water, and contamination of groundwater. '

The principal activity at the FMPC was processing uranium (U), with some thorium
processing occurring at various times. In the early years, uranium ore was processed, and
the waste materials were stored in drums and silos onsite. These waste materials are a
source of radon and its decay products. Consequently, this report focuses primarily on
emissions of uranium, and radon and its decay products. Some uranium was recycled, which
is uranium that had been returned to the FMPC from other weapons material processing
facilities. As a result, other radionuclides were also released at the site. Thus, release
estimates are given for thorium, and selected activation products (plﬁtonium-238,
plutonium-239,240, neptunium-237), fission products (strontium-90, technetium-99,
ruthenium-106, cesium-137), and decay products of uranium (radium-226) and thorium
(radium-228). Table ES-1 summarizes the most important (uranium and radon) source term
estimates and their uncertainties for 1951-1988.

Airborne waste streams were typically treated prior to release to the environment using
either dust collectors (filters) or scrubbers (treatment systems employing liquids to remove
particulate matter from gaseous waste streams). The efficiency of both of these methods
varied greatly with the state of the technology at the time, maintenance of the system, and
plant throughput. For dust collectors, our estimates accounted for anisokinetic sampling
and sample line losses. Anisokinetic sampling occurs when the sampling probe in the dust
collector stack does not record the stack exhaust gas velocity accurately. Losses of particles

in the sampling line before they are detected at the sampler can significantly affect .

estimates of releases from stacks at the plant. These factors were not consulered in previous
studies.

Radiological Assessments Corporation

“Setting the standard in environmental health”™
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/

Table ES-1. Summary of Medxan Uramum and Radon Releases Estxmates From
the FMPC for 1951-1988 With Uncertainty Bounds®

o . Median Release 5th-95th Percentile Range
Release Point , ___Estimate « .
- Uranium to atmosphere . .. . .. .. - . .. .
Dust collectors § ... 140,000 . .. 120,000-170,000
“ Plant 2/3 scrubbers -, .66,000 . 56,000-78,000 .
Plant 8 scrubbers . - .. 81,000 .. 56,000-130,000
Mlscellaneous Sources*’ c . .16,000, . _. 9300-28,000 :
Total airborne sources 310,000 - - 270,000-360,000
Uramum to surface water , o , , o &
Manhole 175 o _ 82 000 . 71,000-94,000 s
Paddy’s Run o oo 17 000 . 14,000-20,000 '
‘Total: surface water . . ;9.9 000 . . 85,000-120,000
Radon to Atmosphere
K-65 Silos ) , i : , e
. Radon - L - ... 170,000 Ci ...+ 110,000-230,000 Ci
Radon decay productsc . 130 000Ci . . 87,000-190,000 Ci

s Values are in kg of uranium, except for releases from the K-65 Silos which are reported in units
of activity, called curies, Ci.

b Unmonitored and accidental releases. :
_© The release quantities for radon and its decay products are given in units of actmty, curies (Cl)
. _.quantities of each of the short lived decay.products, polonium-218, lead 218, bismuth 214, and
' Jolnmum-214

Estlmates of releases from the demtratlon processes scrubbers in Plant ?J3 (reﬁnery)
and from the scrubbers in Plant. 8 (scrap recovery) were made consrdenng uncertamty and
vanabrhty in parameters t.hat aﬂ'ect scrubber performance Relevant site-specific data were . ..
used as much’ as possrble Monte Carlo techmques allowed us to sample the parameter Tx
uncertamty drstnbutxons to make the release estlmates The distributions represent
uncertamtles assocrated with these mdmdual parameters and can be combmed to form a
" distribution that characterizes the overall range of potentral scrubber releases, in contrast to ]
the pomt estimates of previous studies. Our estxmates of releases from Plant 8 scrubbers
~ relied heavrly on data reportmg monthly amounts of uramum found in the scrubber liquid
" residue (called scrub llquor) and measurements of scrubber ‘penetration of uranium. The
’ Plant 8 scrubbers dommated the uramum releases m the 1960s, thh approxlmately 47,000
kg U released in that’ decade, compared to 21 000 and 19, 000 kg U for the dust collectors
and Plant 2/3 scrubbers, respectively. In the 1970s, the Plant 2/3 scrubbers were relatwely
.more important. In the 1950s and 1980s, the dust collectors contributed most to the total
uranium releases, although the magmtude of all releases in the 19805 was srgmﬁcantly less -
than in the 1950s.
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A thorough evaluation of atmospheric releases of uranium from unmonitored sources
(mcmerators building ventx]atmn, lab hoods unmomtored process emissions and waste pits)
and accidental releases (fires, spllls and epxsodxc releases) indicates that these were
relatively minor compared to the three primary sources of atmospheric emissions (dust
collectors, Plant 8 and Plant 2/3 scrubbers). However, the detailed assessments of these
sources provide thorough documentation of their magnitude with uncertainties. These
release estimates are included as part of the total atmospheric source term. - )

Radon releases were calculated for the K-65 silos, located near the west side of the site,
and for drummed K-65 material temporarily stored on the Plant 1 Pad in the early 1950s.
The silos contained K-65 material, a waste from the extraction processing of uranium ore.
This material contains high concentrations of radium-226, and thus, acts as a continuous
source of radon-222, a highly mobile radioactive inert gas. Release estimates were
complicated by a lack of data describing characteristics of the material in the silos, and by
structural changes that occurred over'the years. Our estimates of radon and radon decay
product releases were derived from measurements found in the historical records and from
previous studies. The rate of radon release from the K-65 Silos for 1959-1979 is greater than
for other periods, and significantly greater than for later periods. Radon releases from the
Plant 1 Pad drums were insignificant contributors to the total radon releases for the period
1951-1988, but were lmportant contributors for 1951 and 1952,

_ Radioactive material left the site in liquid effluents at two key points: through Manhole
175 (MH 175), a final junction point for major effluent streams onsite to the Great Miami
River, and, periodically, through the storm sewer outfall to Paddy’s Run. Effluent
concentrations and volumes were measured reg'ularly at both locations, and records were
used to reconstruct these source terms. More uncertainty is encountered with the release
estimates to Paddy’s Run because, the frequency of sampling was less than at MH 175, and
there were discharges to the stream that were not monitored. Nevertheless, estimates of
releases of uranium in liquid discharges are relatively well known, and uncertainties are
generally smaller than with releases to air.

An evaluation of the groundwater plumes underlymg the FMPC indicated that, at the
present time, three offsite wells are cont.ammated and only a small number of people would
have potentially received radiation doses from contaminated groundwater, Consequently.

* simple model is used to estimate concentrations of uranium in the contammated plume,

based on recent measurements in the three offsite wells and on quantxtxes of uranium
released to the storm sewer outfall ditch and to Paddy’s ‘Run since the 1950s. Based on this
simple model, it is likely that uranium contamination in the groundwater would not have

_ reached the offsite wells prior to 1968.

There have been several previous assessments of uranium re]eases from the FMPC
Previous estimates of uranium discharged in liquid effluent fall within the uncertamty

-range of our estimates. Source terms from previous studies of airborne uranium releases

have all fallen outs:de our uncertainty range except for one study Exhaustive comparisons
have not been made; however reasons for our hlgher estimates include:

+ the time to conduct a comprehensive reviey} of historical documents, in
particular original records, related to the FMPC operations;
¢ the use of a distribution of scrubber efficiencies for Plant 8 scrubbers;

Radiological Assessments Corporation
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e accounting for uranium losses from nnsce]laneous unmomtored sources and
_acmdents . CL e : :

‘e accounting for blases from sample lme losses and 0 her samphng dev1at10ns in
the calculation of dust col]ector losses.

..... R f v

Our results report not only best estlmates of releases (as a medlan value) but also
associated uncertamtles that were calculated as an integral part .of the estimates. This

‘ ::',approach represents a SIgmﬁcant 1mprovement in the state-of-the-art of source term
analy51s Thls depth of analy51s was not undertaken m earlier estimates of veleases. These
source- term estlmates will be used in Task 6 to ca]cu]ate radlatlon doses to people who live

neartheFMPC ‘ C S c
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TASKS 2 AND 3

RADIONUCLIDE SOURCE TERMS AND ASSOCIATED UNCERTAINTIES
FOR 1951-1988

INTRODUCTION AND OVERVIEW

The purpose of the Fernald Dose Reconstruction Project (FDRP) is to estimate radiation

doses to people who lived near the Fernald (Ohio) Feed Materials Productfon Center |

(FMPC) during its years of operation from 1951 to 1988 (Figure 1). Exposures resulted from
both planned and unplanned releases of radionuclides to the environment. The study was
conducted for the Centers for Disease Control and Prevention.

The project was divided into seven tasks. The goal of Task 2 is to determine the
radionuclide source term for the facility; that is, to determine both the amounts of

radioactive material released to the environment and the variability of release rates. This .

information is fundamental to the assessment of radiation doses to persons in the vicinity of
the site. The Task 3 objectwe was to determine the uncertainties associated with those past

- eleases

An interim Task 2/3 report (Voillequé et al. 1991) initially determined the source term
for the years 1960, 1961 and 1962. This shorter time period was selected because
environmental samples and records were available and there was a relatively consistent
level of emissions. The pilot study tested and presented our methods for estimating the
amounts of radioactive materials released and for assessing the uncertainties associated
with those estimates. Based on the methods described in the interim Task 2/3 report, we
estimated the amounts of radioactive materials released to air, surface water and in
groundwater throughout the history of the Fernald plant's operation. Those results were
presented in a draft report (Voillequé 1993). The draft report was reviewed, and comments
were received from a number of people and organizations, including the CDC, members of
the public, current employees at the FEMP, and former employees of NLO. All comments
were considered in finalizing this current report, which reflects those changes and
represents the final Task 2/3 report for this project. In addition to minor editorial changes
the main revisions to this report from the draft version include:

e Annexes listing the types of documents found in Central Files at the FMPC and
_ of the boxes of contaminated documents that were examined in the Plant 4

storage area (Appendix A) _ '

» Revised screening calculations using updated NCRP screening factors (Appendix
D)

* Re-evaluation of the attachment fraction of particles in the calculation of
sampling line losses for dust collector releases (Appendix G and E).

¢ Recalculation. of discharges from the Plant 2/3 denitration operations using
additional scrub liquor concentration data; determination of effect of alternative
calculation of the outage fraction on Plant 2/3 scrubber releases (Appendix H)

e Two alternative calculations of releases from the Plant 8 scrubbers to test the
effect of different modeling choices on the results. (Appendix I, page I-37)

Radiological Assessments Corporation
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Figure 1. Location of the Fernald Feed Materials Production Center.
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e An alternatwe calculation of radon and radon daughter product releases from
- the K-65 silos using a conventxonal methodology of radon releases from bulk
quantities of 226Ra-bearing matenals (Appendix J, pagé J-73).
* Revision of fugitive emissions calculatxons for the waste pits using an improved - %
model (Appendix K). . £
e TUse of an empmcal model to estlmate uranium concentrations in offsite
" contaminated wells for years when no measurements were made; the model uses
available uranium measurements in well water and considers the uranium
released to Paddy s Run and the storm sewer outfall ditch (Appendix M).

This report is divided inte this summary' and 13 appendices Each appendix is in bold . :;
type when it first appears in the discussion of that appendlx The appendices are: :
Appendix A°  Sources of Information 7
Appendix B Plant Processes and Wastes ! .
Appendix C - FMPC Production Informatlon .
Appendix D - Other Radionuclide Releases.
‘Appendix E  Effluents from Dust Collector Exhausts
Appendix F  Fitting Particle Size Distributions for FMPC Dust Collectors
Appendix G Estimates of Bias in Effluent ‘Sampling for Particles -
Appendix H. Discharges from Plant 2/3 Denitration Operations
Appendix I Releases from Plant 8 Scrubber Systems
AppendixJ  Releases of Radon Radon Decay Products and Gamma Radiation
o from the K-65 Silos”
Appendix K Other Sources and Episodic Releases to the Atmosphere
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Radionuclide Source Terms . . Page 3 -
and Assoclated Uncertamtles for 1951—1988

Appe ndix L  Surfdce Water Discharges
AppendixM  Groundwater Contamination Outside the FMPC

The goal of this report is to provide the reader with-a clear picture of the FMPC

" operations from 1951 through 1988. It explains the generation of effluents from those

operations, and estimates eﬂ'luent releases using re]evant measurements and related
information.

PLANT PROCESSES AND WASTES
The FMPC is a govemment-owned,.contractqr{ope;ated facility whose primary purpose

was to convert uranium (U) feed stocks to uranium metal ingots for machining or for
extrusion into tubular form. Production reactor fuel cores and target elements were

fabricated. Figure 2 gives an overview of the main features of the FMPC area. An aerial

photograph shows the environs of the FMPC in 1965 (Figure 3).
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Figure 2. Overall view of the FMPC facxhty The width of the production area is
about 700 meters from east to west (inner fence).
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.Figure 3. Aerial photograph taken from the southeast of the Feed Materials
"Production Center in 1965, showmg the production area and general land features
.(dlgmzed from DOE 1965). The area within 5 miles (8 km) from the center of the
:FMPC is populated with farm houses ‘small communities, and the small town of
Ross, Ohio, with ]and use being primarily g'razmg and farming.

B

Appendlx B describes the plant functwns in some detail by fo]]owmg the flow of
uramum through the various facilities as it was converted from raw material to finished
products. Although uranium was the primary product at the FMPC, lesser amounts of
thorium were produced intermittently dunng the mid-1950s, and from 1964 through 1980.

In addition, the FMPC began processmg matenals recycled from other stages of the nuclear
fuel cycle in 1962,

Figure 4 is a material flow diagram which shows the movement of incoming raw and -

recycled material (called feed materials) mto the FMPC at Plant 1, the Sampling Plant, and

‘their passage through various chemical and physical processes before leaving the site as

finished products. Historic records and dxscussxons with plant staff revealed t.hat the same
basic processing scheme was employed throughout all years of Operatlon.

From Plant 1, the materials passed to Plant 2/3, the Refinery, where the uranium in the
various feed materials was converted to uranium trioxide (UQj, called orange oxide because
of its color). The UO3 was converted to. uramum tetrafluoride (UFq, called green salt) in
Plant 4, and then sent to Plant 5, Meta]s Productlon There the UF4 was converted to
uranium metal derbies or ingots. From Plant 5 the' ingots were shipped offsite, or were sent
to either Plant 6 (where the metal was fabricated into finished products) or to Plant 9

{where special products were machined).
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In Plant -8, the Scrap Recovery Plant waste materials and metal scraps from the .
_production processes were heated to remove 1mpuntres before being sent back through the

Reﬁnery (Plant 2/3) and the productlon process The Pilot Plant was used for the direct

'. conversion of incoming enriched UFg (uramum hexaﬂuonde) to UF,4 (green salt)

Much of the thonum productlon actwrty at the FMPC took place in the Prlot Plant,
beginning in 1954 Plant 7 operated only from 1954-1956 in convertmg UFg to UF,.
Waste materials from these processes were treated in various ways at the FMPC dependlng

_upon their physmal form. The K-65 Storage SllOS, large concrete tank-like structures, store
- resrdues from the extractron of uranlum from ores that were processed dunng the early

years of FMPC operatrons L1qu1d efﬂuents were collected and treated at the general sump

“before being discarded to the waste disposal pits. quulds from the clearwell portion’of the

waste pit, along with the storm sewer runoff and sewage treatment plant effluent were
piped to the Great Miami River from Manhole 175 on the eastern boundary of the site. Solid

‘waste materials were sent directly to the waste pits, or they were burned in the incinerator
Jocated near the eastern edge of the facility, or in the burn pit near the waste pits. The

FMPC also operated a graphite: ‘burner from 1965 to 1984,.an oil burner from 1962 until

11979, and an mcmerator for 11qu1d organic wastes that was installed i in 1983. Releases from

these latter facrlltxes are descnbed in Appendxx K.
FMPC PRODUCTION INFORMATION e

~ Production information provides a guide 'to the magnitude of FMPC activities over the

years. In the absence of other data, it can be used to help estimate releases from the facility
to the environment. Appendix C contains details of the receipts and shipments of uranium
at FMPC along with specific production data for each plant for the time period 1951-1988.

These records of shipment and receipts, and plant production provide several key pieces
of information. First, they specify the level of “enrichment” of processed uranium, which
relates to the concentration of uramum-235 ( 2350) relative to uranium-238 (238U),

s+ “Natural” uranium contains 0. 72% 2357y,

e “Depleted” uranium contains less 2"5U typlcally 0.14-0.20% at FMPC

*» “Enriched” uranium contains’ more 23SU typlcally, 0.95-1.25% at FMPC

While most of the enriched uranium was in the above range, some processing of 2% enriched
uranium occurred in the 1960s. The capabrllty to’ dlgest 5% ennched uranium was added to
Plant 1in 1970.

Second records of recelpts of matenal by FMPC and shlpments from ‘FMPC provideé a '

rough indication of préduction rates. Compansons of the data on recelpts and shlpments
indicate that matenal was recelved processmg occurred and products were shipped on a
fairly regular schedule dunng much of the txme Durmg fiscal year (FY) 1952 through 1980,
the FMPC received about 362,000 metnc tons (MT 1 MT = 1,000 kg = 2,200 pounds) of
uramum and shlpped about 358,000 MT to offsite locations (Audia 1977; FMPC 1988).
Approx:mately 54% of the receipts and shipments were natural uranium, about 20% were
enriched uranium, and some 26% were depleted uranium. Uranium shipments tended to
follow the pattern of receipts during most of the years of operation.

srey -

b

IS

PRI

LA



Radionuclide Source Terrds . Page 7
and Associated Uncertainties for 1951-1988

Thlrd, plant-specific productlon rates are useful for estxmatmg releases of radloactwe

* materials from specxﬁc facilities. Processing rates in each plant were increased or reduced

because of changes in the demand ‘for intermediate matenals and finished metal products
Figure 5 summarizes the total productxon quantxtxes in metric tons of uranium (MTU) for
1951 to 1988. In some plants, there was no productlon during certain years. For example,
there was no production of UF4 from UF5 in the Pilot Plant from 1968 to 1984. Data on the
enrichment categones of'products are presented in Appendix C.

Thorium productlon at the FMPC was estimated to have been only about 0.4% of the
uranium production. Processing was limited to a few facilities and to specific time periods,
Some of the uranium received at the FMPC was recycled, that is, it had other radionuclides
as contaminants in the uranium. '

OTHER RADIONUCLIDE RELEASES

Radioactive decay of uranium and thorium lsotopes produces series of other

~ . radionuclides that are collectively referred to as decay or daughter products. In most of the

feeds' received by the FMPC, the uranium had previously been 'separated chemically from
the other decay products. As a result, the facility's effluents consisted primarily of uranium.
Other radionuclides were genera“y present in small quantities. Early processing campaigns
treated ores that contained nearly equilibrium amounts of the decay products. The 'wastes
from that early processing were placed in the K-65 Storage Silos. Releases from the silos are
discussed in Appendix dJ. '
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Figure 5. FMPC plant productmn for 1952 through 1988. Each plant produced a

- different product: uranium trioxide in Plant 2/3, uranium tetrafluoride in Plant 4,
metal derbies (dark bar) and mgots (light bar) in Plant 5, machined (dark) or rolled
products’ (hght) in Plant 6, uranium ingots (light) and machined products(dark) i in
Plant 9, uranium recovered from scrap materials in Plant 8, and uranium
tetraﬂuonde in the Pilot Plant.
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Because recycled feed materials were sometimes used, small amounts of other
radionuclides called fission and activation products were also introduced into the process
stream and later released. Recycled uranium was not processed at the FMPC prior to
October 1962, so releases of fission'and-activation products did not occur prior to that time.
¢ Measurements of the amounts of ‘these :radionuclides, relative to uranium,’ were not

performed until years later. These products were measured from airborne effluents (in serub -
i hquor or dust collectors) at-only one time in 1985. . :

Z Appendix D provides the -measurement :data of ﬁssxon and activation products in
* particulate materials‘done at:that time. The concentration of fission products— strontium-
90, technetium-99 and cesium-137—were : highly .variable. The -transuranic :nuclides -
- neptunium-237, plutonium-238,' and plutonium-239,240 were detected in all of the samples

-analyzed, but'the observed ¢oncentrations varied over a wide range within the plants-and
~ from -plant to plant. Only the short-lived decay products of uranjum-238 were found in
consistent concentrations. The ‘concentrations of thorium isotopes and their radium decay
products were found to be consistent in samples from some plants but not from others. In
: some plants, the concentrations of transuranic nuclides (TRU) were clearly affected by the
processing of matenal contammg unusually hlgh concentrations of TRU between 1980 and
1985. g SURTTEI Co e ‘

Measurements of radionuclides other than uranium in liquid effluents are available for
* a longer time period than for airborne effluénts’ There was no processing of thorium during
the time periods 1952<1953, 1958-1963, or since 1980. Relative concentrations of thorium
with respect to uranium were measured in the mid-1950s, and again' beginning in 1967.
Beginning in 1976, the concentrations of plutonium, neptunium, radium and the fission
products, cesium-137, ruthenium-rhodium-106, technetium-99, and strontium-90, were
measured relative to uranium. The concentrations of these other radionuclides in liquid
effluents are shown in Appendix D. Estimates of the amounts dlscharged in lxquxd effluents
are presented in Appendix L. =~ . htenl ol ; -

The relative 'importance of various 'radionuclides as potential contributors to offsite
radiation doses was assessed using a methodology developed by the NCRP (National Council
on Radiation Protection and Measurements) (NCRP 1989). These calculations show that
releases of uranium are by far the most important contributors to'the potential doses from

releases to the atmosphere at the FMPC. For liquid releases, the radium isotopes were

found to be of primary importance, dependmg upon the pathway conSIdered

FMPC RELEASES TO THE' ENVIRONMENT FACTORS TO CONSIDER
: . o e o ..

. Several factors regardmg source termestimates were consxdered at the outset of the
project. These included the initial period of study, characteristics of radionuclide releases,
the uncertainties involved in making source term estimates, and the sources of information
that would be used for this process. To apply resources most effi ciently, it was necessary to
assign priorities to the three source terms’'— airborne effluents, liquid waste dlscharges
and inputs to the groundwater — according to their importance. The greatest emphasm was
given to those reléases that had the largest potential‘impact on the population residing in
the vicinity of the FMPC. All the evidence, which will be documented throughout the report,
indicates that airborne releases deserve the greatest attention. That conclusion influenced
the level of detail of the mvestlgatxons and the corresponding reports in this series.
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and Associated Uncertainties for 1951~1988 :

Period of Txme Studied

Although mdxonuchde source terms are reported here for the entire operating history of
the FMPC (1951-1988), our initial effort focused on a shorter time period (Voillequé et al.
1991). Originally, we considered examining 1955, the year of the highest reported releases
to the atmosphere (Boback et al. 1987). During a September 1990 site visit, it was confirmed
that the installation of effluent sampling equipment was not complete during 1955. The

quality and variability of results from an operational effluent sampling system are needed to

estimate source term uncertainty, needed for Task 3.

Other factors indicated that a time period in the early 19605 was the best focal point for
the initial work on source terms and their uncertainties. These included the availability of
environmental samples and records along with a level of emissions which make uncertainty
ana’ly51s workable. We were also able to locate other documentahon that was needed to
derive source term estlmates ‘

Analysis of data from a period of relatwely consxstent operatxon (1960, 1961 and 1962)

- has "provided a. basis for estimating source terms for other .periods when' fewer

measurements were made and when there were more unmonitored release points. The
interim draft Task 2/3 report addressed releases to the atmosphere, to surface water and to
groundwater by the FMPC for the period 1960-1962. In the current report, we use the same
methods of investigation to derive annual source term estimates for uranium and other
radionuclides released in air, surface water and ground water from the FMPC for the entlre
period 1951-1988.

Characteristics of Radionuclide Releases

Initially, it is impoftant to identify specific attributes of the radionuclide release, or -

source term, to be documented. The most important parameters that are common to all
releases inclnde:

e nature of release: Was it routine or episodic?
e magnitude or size of the release
~* radionuclides released

For the surface water source term, the discharged radionuclides in waste water were
either in solution or in suspension as finely divided particles. In either case, the
radioactivity was carried from the FMPC site via a pipeline to the Great Miami River or in
the storm sewer overflow via Paddy's Run, a small stream at the west boundary-of the site.
Paddy’s Run joins the Great Miami River approxxmately 3 kilometers south of the FMPC
(Figure 2).

Radioactivity reached the groundwater by infiltration in a form similar to that in hqmd
discharges. The radiation doses from consumption of water from either source depend on the
amounts released and upon the dilution in the river or the aquifer before mthdrawal for
human use.’

Radiological Assessments Corporation
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For radionuclide releases to the atmosphere,(there are two other factors, ‘besides. release
rate and dispersion, that are important determmants of the radlatlon doses to members of
the public. These are: . )

e the chemical form of the discharge . - ., -
. lts physwal charact,enstlcs pnmanly the 51ze dxstnbutxon of the released partlc]es

-Human'metabolism of radionuclides that have-been inhaled is dependent upon the
chemical form of the radionuclides. Solublé. compounds are readily taken up into the blood
stream and are rapidly distributed throughout the body. Chemical forms that are insoluble
in body fluids tend to be retained in the lung for a longer time and are only gradually
transported to other tissues. The chemical form -of the discharges are presented in the
appendices descnbmg ntmosphenc releases. . -

_ The particle-size distribution is important for calculating the amounts of radioactive
material that were deposited on the ground following release. Particle size is also important
for estimating the radiation dose from inhalation of the particles.

Uncertainties in Estimating Releases

Results of scientific investigations are, by their nature, uncertain, and it is a common
practice for investigators to provide some estimate of uncertainties that affect their
estimates. Estimating the uncertainties associated with the source term estimates (Task 3)
is, therefore, an important part of this" Work The absence of uncertamty estimates is a
weakness in the previous source term mformatlon

Knowledge of several parameters, o-r-m;mbers, is required to deﬁne a radionuclide
release. None of them is known exactly, and most are contnbutors to the overall uncertainty
associated with the release estimate. Two types of parameter uncertainty affect the overall
source term uncertainty (Hofer and Hoffman:1987). The first is due to random variations in
sampling, measurement, and operational 'p'roc‘edures. For example, estimates of uranium
- releases to the atmosphere are based upon analytical measurements of the sample mass, the
percent of the collected mass that is uranium, ‘the flow rate through the sampler, the flow
rate through the stack etc. The physxcal dlmenswns of the samphng probe and the exhaust
duct are also factors. Although the latter two quantltles are fixed and re]atlvely well known,
each. of -the other measurements; is rather .more_ uncertaln for various reasons. This
. uncertainty contributes to the overall uncertainty of a ‘particular release estimate. ’

A ‘second type of uncertainty occurs because of a lack of knowledge about particular
parameters. This" may occur because the parameters were not measured durmg part or, in
some cases, most of the’ penod of facrhty operatlon Examp]es of this type are periods when
the stack sampler flow rate was not measured and penods when the stack’ flow rate’ was not
measured. In these. cases, estlmates of' the values of those parameters during the periods
between measurements will be necessary In the absence of definitive information,
subjective Judgment of experts can be used to estimate the range and distribution of values
for the unknown parameters during such penods - ’

The technique of using a computer to draw ‘many random samples from the parameter
' d:stnbutwns‘ .and combining. these sample releases to obtain, mformatwn about the

.
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distribution of the releases is an example of what is called a Monte Carlo procedure. Figure

6 x]lustrates this process.

Parametric Uncertainty Analysis
of Mathematical Models

A

Deterministic Application
—{ Model ——Y

(Parameter)

Stochastic (Monte Carlo) Application
Distribution of A

Sample randomly from A.. ..

(Result)

Distribution of Y

“Construct Y

Apply the
model {o
each’
random

value... B AN—-@'{———YN _

. Assemble
. the results. ..

) Flgure 6. Schematxc presentatlon of Monte Carlo methods for propagating a’
parametric uncertamty distribution through a model to its results. In this simplifi ed

" illustration, A is an input parameter to the model, and Y is the result, or output,
corresponding to A. For each specific value of A, the model produces a unique output
Y. Such an application of the model is deterministic, because A-determines Y, But A
may not be known with certainty. If uncertainty about A is represented by a
distribution, such as-the triangular one in the figure, repeatedly sampling the
distributién at random ad applying the model to each of the sample input values A,
Ag... gives a set of outputs Y, Yo,.., ‘which can be arranged into a distribution for Y.
The distribution of Y is then our estlmate of the uncertainty in Y that is attributable

_to uncertainty in A. This is a stochastic, or Monte Carlo application of the model.

Our use of 2 Monte Carlo procedure to estimate releases explfcitly recognizes that those
estimates are uncertain because of variability or lack of knowledge of the parameters upon
which the estimates depend. This procedure applies our best estimates of the distributions

“of parameter values to produce a distribution of results. Our approach contrasts with one in

Radiological Assessments Corporation
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which a calculation is based upon point estimates of the various parameters and yields a
single result. The Monte .Carlo calcu]atlon cai‘nes the under]ymg uncertamty in the
parameters forward and dusplays itin the breadth of the distribution of results.

This process was illustrated in the interim Task 2 and 3 report {Voillequé et al 1991) by
examining the distributions involved in the calculatxon of releases from the Plant8
scrubbers for May 1961, and for that _entire year. The estlmated release -from those
scrubbers depends upon two parameters: the amount of uranium .collected in the scrub

“liquor and the penetration of uranium through the scrubbers The Monte Carlo procedure
for estimating the Plant 8 scrubber releases 1nvolves 1ndependent selection of values of the
two parameters and the use of the, selected values to compute an estimate of the release.
This procedure was performed repetmvely (5000 times in ‘the current example) and ylelded
a distribution of results. :

~dJust as these source term estimates reﬂect the underlymg vanabxhty and lack of
knowledge about individual parameters, the radiation dose calculations, performed in a
subsequent task (Task 6), will consider the range of source term values for a given year.

They will also incorporate uncertainties about ‘meteorological dispersion, particle deposition, : -
and other parameters to produce distributions of estimated doses to peop]e residing.near the :

FMPC.

Sources of Information

A major effort irf the Fernald Dosimetry Reconstruction Project has been searching for,
and reviewing, hundreds of documents related to the operation of the Feed Materials
Production Center since operations began in 1951.-It has been our practice to trace the
information back to ongmal sources “whenever possible. In the Task 1 report, issued in
January 1991 (RAC 1991), we outlined the general approaches that we have taken to obtain

this information. These five methods wh1ch have formed the foundation for the prOJect in -

provndmg the techmcal data for this study, are:.

e site visits to the FMPC facility;" s

~ * investigation of records and scientific ]xterature pertammg to the FMPC;
e retrieval and review of documents from' N LO ‘Inc. using their computer database of

- document titles; Co -
. -~exammat10n of engmeermg dxagrams, site .blueprints, hlstonc photographs and maps;
and e ’

. discussions with current and former longtirhe emplbyees. )

Because we realized the 1mportance of retrieving documents from a wxde range of
sources, considerable time has been spent identifying types and locations of reports and
records pertinent to the completion of this project. ‘We visited a number of locations around
the country to review documents that might prowde background information on FMPC
operations (Figure 7). Generally, this documentation of FMPC operations and releases
comes from two broad areas: (a) from National Lead Company of Ohio, Inc. (NLO), the
former operator of the site, the Westinghouse Materials Company of Ohio (WMCO), the site
operator from January 1, 1986 through'1992,-and the Department of Energy (DOE); and (b)
from FMPC-independent sources. Appendix A provides a detailed look at the sources and
locations of documents used for the project. ‘
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While not all'the original records are still available, many original documents remain in
the files at the FMPC facility, in the library of the NLO offices, and in storage facilities
utilized by WMCO. Many hours have been.spent examining original plant documents,
particularly those related to effluent discharge measurements and procedures. The et
information sources can be categorized as follows:

o processes descriptions for the vanous facilities

» plant operating procedures '

o effluent sampling procedures

e daily and monthly reports of liquid effluent discharges

¢ monthly reports of airborne effluent discharges

e original analytical data sheets recording sample concentrations

o plant operating process logbooks

e nuclear materials control reports

e daily sump discharge logbooks-

£ » topicdl reports related to effluent characteristics
" ¢ reports of ventilation system tests and evaluatlons

¢ incident reports "

¢ investigation reports

e letter reports of operational problems

¢ production records for specific processes

Washington, D.C. ’ NG
Government Accountability Project
Insthute for Energy and Environmental Research

Columbus
Las Vegas
REECO* ’ Chio State Health Dept — u
: ncinna
V ILMPC (Fernald) Westinghouse N.LO‘ l:c Offices
® - © | Law Offices of Waite, Schneider,
Oak Ridge, Tennessee ' Bayless and Chesley
R US DOE/Oak Ridge Operations
o Otfice of Science and Technical In!ormanon

Atlanta )
National Archives and Records
. Administration

Centers for Disease Control

Y,

Figure 7. Locatlons visited in obtaining FMPC related’ documentatlon and
information.

Ny

*Reynolds Electrical and
Engineering Company

Discussions with long-time employees and retirees from the FMPC provided: another
source of information for the project (RAC 1991). Their recollections on processes and
procedures that routinely occurred since facility start-up served to identify sources and

Radiological Assessments Corporation “
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locations. of ‘documentation. Documents used-in the construction of the source terms are
referenced in the appropriate section of the text; with the references listed at the end of the
appendix or section. In addition; we havé ‘maintained a collectlon of all documentation that

we have reviewed since the Fernald Dosimetry Reconstruction project began in 1990. -

. Appendix A lists all documents that have been added to the RAC Document Reposxtory up to
this time. o ST

In general data from original records used in 1 this study are reported in the same units
that appeared in the source documents. For example the uranium concentrations in liquid
effluents and volume measurements, compiled in Appendix L, are reported in.mg L-! and
gallons, respectively. In contrast to some of the original sotrces of information, our final

release estimates and results of other calculations are reported to only two significant

figures. _ ;
ATMOSPHERIC RELEASES FROM DUST COLLECTORS

Atmospheric releases from FMPC operattons came from buildings where uranium

processing took place and from outside areas-such as the waste pits and incinerators. -

Appendix K reviews estimates of emissions of uranjum from miscellaneous unmonitored
processes, non-routine events, and episodic releases. Some airborne effluents were treated
with one of the two treatment systems used at the FMPC: scrubbers or dust collectors.
These treatmerit systems are discussed in Appendxx B. Dust collectors employed bag filters
_to remove airborne particulates from an exhaust stream. Information on effluents from dust
collectors is presented in Appendix E. The key points of the dust collector operation and
our estimates are presented here.

Dust Collector Operation

Process area ventilation dir was ducted to dust collectors where airborne particulate

" material was removed before discharge through the stack to the outside. The dust collectors

recovered valuable:uranium that would otherwise be lost and reduced worker exposure in
. the process area. When operating as designed, the dust collector systems:could ‘be qmte
“efficient (Drinker and Hatch 1956, Ross and Boback 1971). - Tt et

. The sampling systems installed in the ‘dust collector stacks were simple in concept. A

- -schematic diagram of the sampling system'is drawn in Figure 8. 'Air was drawn‘from the
" exhauststack through a sampling line ‘to 'a ‘pleated cellulose filter for collection of

particulate material in the sample of discharged ‘air. The filters were periodically.changed
and submitted for analysis. Details of the design and operation of these systems ‘and of the
sample analysis and data reportmg are ngen in Appendix E.

Distribution to all the plants ‘of an- jnitial ' stack ‘sampling procedure seems to have
occurred in February 1956 (Starkey 1956). Later that year a formalized procedure was
" developed (Boone 1956). Initial’ samplmg frequenmes were weekly, bxweekly, or monthly
depending on the magmtude of thé' prewous efﬂuent measurements Monthly reports of

i releases were made to plant management by the Industnal Hyglene and Radlatxon (IH&R) .
“group. -

The sequence of reports ltself documenits ‘the onset and growth of the dust collector

effluent samplmg program. Periodic sampling of some stacks was performed as ear]y as
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1953; however; the continuous sampling program did not begin until April 1955. Initiated in
seven stacks in Plant 4 and 5, the sampling program'grew fairly rapidly to encompass thirty
stacks six months later. There were increases in the 1950s to a maximum of 50 sampling
systems in May 1958, S A .

Release to the atmosphere

Wall of stack}
‘ ! : Sampling line
Holder for filter
—] used to collect sample
g To sampling pump, which pulls the
1 - sample air through the filter
Stack
discharge flow

Figure 8. A schematic diagram of the dust collector étack sampling system.

At the start of 1960, there was a decline to 44 sampfers for dust collector exhaust due to
shutdown of systems in Plant 1 and in the Pilot Plant. At that time, the most common
sampling interval was one month, although a few stacks were sampled more frequently. In

‘the 1960s, sampling intervals were occasionally as long as six weeks for discharge points-
.that were minor contributors to plant uranium releases. In later years, both plant .

production and staff were reduced. Intervals between sample analyses were greater and
routine reports contained less detail. Filters were no "longer changed and analyzed
regularly. Filter changes and analysis occurred primarily when the filter had collected a.
visually detectable amount of particulate material.

. Current Estimates of Release From FMPC Dust Collectors

Estimates of releases from individual dust collectors at the FMPC were tabulated from
original records, which were usually monthly reports of the measurements. Review of the
reported results revealed periods when samplers were not in operation and other times
when the releases were too low to be detected. Estimates were made for these periods based
on other sampling results and information about the sampling and analysis procedures.

Radiological Assessments Corporation
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Estimates were also made for years before _monitoring was -established as a routine
procedure These estimates were. based elther .upon normalized release rates soon after
" voutine monitoring was estabhshed or representatwe measurements during the mid- to late-
1950s. In some cases, evaluations of unmomtored effluents led to significant increases over
previous release estimates. .
There are two major deficiencies in the tabulatlons of reported releases in the monthly
. reports. The first is that the release estimates were incomplete. Release estimates were not
provxded for samplmg periods when samplers were not installed or were not operational for
‘the entire period. The second deficiency in the tabulatxons is the failure to properly account
for undetected releases. If no material was detected on the filter from a dust collector
" exhaust sample the reported release was shown as zero. There were entire months when
‘either no samples were collected or no releases were detected in the dust collector exhausts
because the total reported releases from’ some of the plants were zero. To develop a better
estimate of the releases for thlS report, 1t was necessary to estimate the unmonitored and

'undetected releases by determlmng the maxxmum release that could have occurred when

none was detected The details of thrs method are givenin Appendnx E.’

In addition to correcting for unmomtored and undetected releases, the rmtral releases
themselves. While the design of the sampling systems was-generally well conceived, three
types of devratrons from ideal samplmg condntxons may have bxased the dust collector
dxscharge estimates. .

.. . Nonrepresentatwe samplmg may have occurred when partlcles were not uniformly

" mixed in the exhaust at the locatlon of the sampler This is more hkely to happen

. when the exhaust ducts are greater than 15 cm in dxameter The ANSI (1969) guide

" recommends multiple sample thhdrawal pomts for ducts greater than 15 c¢cm in

" diameter. The reason for multlple probes is to provide assurance that the samples

" will not be brased because of a nonuniform distribution of the contaminant in the

stack. The sample extracted from the center of a dust collector exhaust stack would

be representatwe if the partlcles were umformly mixed in the .exhaust or if the

concentration on the centerline happened to be equal to the average concentration in

the stack When this is not. the case, the sample is not representatlve of the material

'j‘_bemg dlscharged The bxas mtroduced may_be positive or negative. A qualitative
assessment of nonrepresentatwe samphng in presented in Appendxx G. .

* Anisokinetic samplmg may have occurred. This occurs when there is a mismatch

" between the fluid velocity in the probe and that in the stack. If the velocities are not

‘the same, over- or under-samplmg of partlcles of various sizes could occur. The

'possxble effects of amsokmetrc samplmg condmons were calculated using the

methods described i in Appendnx G That appendlx contains example calculations and

the basis for parameters used in Monte Carlo calculatlons of bias due to anisokinetic
samplmg :

e Losses of partrcles in the samplmg lme can occur when partlcles are deposrted on

’ the walls of the line, or when they are 1mpacted due to the presence of bends in the

lines between the probe and the collection filter. Neither topic has been addressed in
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previous analyses of the urainium release data. It should be emphasized that sample
line losses lead only to underestimates of the effluent releases. The magmtudes of
such losses depend upon particle size and den51ty (Appendix F), the conf'guratxon
of the sampling line, and the operating conditions for the line. These relationships
are described in Appendix G.

A Monte Carlo procedure was ‘used to estimate the sampling biases. and their
uncertainties. The calculations considered the three sources of bias identified above to
obtain a measure of overall sampling bias. Major contributors to the uncertainty were the
velocity of air in the samphng probe and in the duct, the bias due to nonrepresentative
sampling, and a parameter used in computatlon of the attachment fractions. There is no
simple way to reduce the largest uncertaxnt,les, which prmcxpally reflect the absence of

information about conditions of past operations and sampling. Corrections for these biases -

- are applied in estimating the dust collector uranium losses in Appendxx E.

Once released from the stack, the physical and chemical characteristics of the uranium
are important in the transport and deposition of released uramum and in the estimation of
the radiation dose due to uranium inhalation.

e Particle size distributions were measured for some of the effluent streams in 1985,
Those data and information about other uranium processing facilities have been
“used to estimate particle size distributions for the dust collector exhausts in this
report (See Appendix F and Appendix E). Particle-size distributions for the stack

- emissions measured in 1985 are included as a part of the source-term
characterization for stacks for all years because the plant processes served by the
stacks have not changed s1gmﬁcantly since the start of FMPC operations. Appendix

F contains information on the reported measurements done in 1985. The

distributions cover wide ranges of particle sizes and are not truly lognofmal. The

ranges of particle sizes have been subdivided into intervals and representative sizes
are used in thé calculations. Average particle-size distributions for both the inlet and
the outlet ducts for stacks emitting UFy and U3Og were derived from the data in
Appendix F. The average’ distributions and’distributions obtained from similar
facilities are used for FMPC exhausts for which particle size measurements-were not
made. In spite of some substantial variations from stack to stack, the partxcles were
relatively large.

e The chemical form of the materials discharged from the dust collectors affects the

particle - density, the transport and deposmon of released uranium, and the. "’

estimation of the radiation dose due to uranium inhalation. The predominant
uranium species emitted from each stack was identifi ed from FMPC reports and

engineering drawings of process equipment. About three-fourths. of the releases from

the dust collectors were in the form of uranium oxides.

The process of developing revised estimates of releases from the FMPC dust collectors is
complex. Reported releases were incomplete because sampling was not initiated when
production began. The reported releases do not include estimates of releases that were

]
H
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undetected by the analytical procedure or because a sampling system was temporarily out of

service. The three sources of possible bias in the reported results, dnscussed above, have
been estimated as part of this effort. ,',,A o

The first step in the approach adopt'ed was to return whenever possible to the original
release reports that were prepared routmely by the IH&R department In the early years of
full operation of the effluent sampling program, these reports contained a great deal of

___information about sample collection and about operational ptroblems in all the plants. These

detailed reports made it possible to estimate the magnitudes.of undetected reléases. Later

. reports of results, when' productron rates and releases were lower, were not as detailed and

were much less helpful in-this regard. In general inclusion of undetected releases does not

:have :a large effect on the estimates for early years when releases were large In plants

whose releases were relatively small (tens of kllograms of uranium per year) the relative
contribution of estimates of releases that had gone undetected was greater. .
- Overall, corrections for unmeasured releases and for sampling bias led to revised release

estimates that were about 50% higher- than previgus estimates of dust collector releases.

Table 1 shows that the median estimate of total releases from the FMPC dust collectors from
1951 to 1988 was about 140, 000 kg uramum Most releases occurred during the 1950s.

B Principal contnbutors to the releases during ‘that decade were Plants 4; 7, and 5. Plant 8
:  also contributed 51gn1ﬁcantly to the total but most of those releases occurred over a longer

period of time. Although releases from" the other facilities were not small, those releases
were not major fractions of the total release However, some of the releases from plants that
were lesser contnbutors to the total were 1mportant in individual years. _

Table 1. Summary Release Estnmates for FMPC Dust Collectors

Best’ estimate -

of release Other percentiles in distribution of release estimates (kg U)
Period (kg U). 5th percentile -25th percentile 75th percentile 95th percentile
1950s = 120,000 . .96,000.- . 110,000 - 130,000 . 150,000
1960s 21,000 . 18,000 - . +19,000 22,000 . 24,000
1970s' -~ 3,00 - 2500 - 2800 - 3400 '; 3,800
:1980s © - 2,100 1,700 1,900 . 2400 - 2700
1988 140,000+ 120 ooo“ C ‘136 000 " 160,000- 170,000

‘DISCHARGES FROM PLANT 2/3 DENITRATION OPERATIONS

PR - v +
AR &

The air emltted from release points not eqmpped with dust collectors was cleaned
through scrubbers. Scrubbers used either acid or caustic solutions to scavenge partlcles from

- the air stream being dlscharged to the atmosphere Most of the particles are scavenged by
“mist droplets, which, for the most part, are collected by mist- eliminating devices and
'recycled to the liquid reservoir. This hquld (scrub ltquor) is changed periodically. The
~uranium-containing droplets accumulate on’ the mist-eliminators, and some of the liquid is
: agglomerated into larger droplets and escapes back into the exhaust gas stream in a process

called reentrainment. Figure 9 1llustrates these i processes In this manner, the scrubbers of
Plant 2/3 and Plant 8 emitted lxqmd droplets ‘of reentramed scrub hquor of varying uranium
concentration.
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Scrub liquor

Figure 9. Scrubber schematic. Exhaust gas entering the scrubber is forced through
-a liquid spray into a Venturi tube. The gas then passes through a separator chamber
and into the outlet duct. The spray entrains most particles into liquid droplets. Most
" of the liquid (or scrub liquor) is collected in the-separator chamber and returns to a
reservoir from which it is recycled. The scrub liquor of the Plant 2/3 and Plant 8
scrubbers was changed periodically and uranium was recovered from it. To inhibit
the escape of the uranium-containing droplets’ various mist-eliminating systems
were used. The figure indicates a wire mesh mist eliminator in the outlet duct (as in
Plant 2/3), which would trap most droplets. But some of the trapped liquid was
reentrained into the gas stream as large agglomerates and escaped to the
atmosphere. Evaporation of the liquid produced relatively large solid particles.

_After 1956, exhausts from the denitration process in Plant 2/3 were treated by a wet
scrubber prior to discharge to the atmosphere. In the denitration process, nitrates were
removed from uranyl nitrate hexahydrate (UNH) to produce uranium trioxide (UQj, or
orange oxide). Fumes of oxides of nitrogen that were produced during denitration were
routed to the scrubber system. In a second process, orange oxide from the denitration pots
was transferred by vacuum or “gulping” to a storage hopper. The releases of uranium from
the scrubber exhausts were not sampled, even periodically, until recently. In June 1988, an
investigation of higher than expected environmental radioactivity measurements led to the
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conclusion that releases from Plant 2/3 processmg actwrtres were the source of the observed
higher offsite air concentrations (Investigation Board 1988). Appendix H provides details of
the scrubber exhaust system, our current approach to estimating releases from the Plant 2/3
scrubbers, and previous release . estimates. : Because information is lacking on early
oper'mons with dust collectors, releases for. those years are estimated using the same model
used for years when the scrubbers were m operatron

Current release estimates are based upon a review of the followmg

e previous release estimates (Semones and Sverdrup 1988); Y

e . plant operating data from 1969, 1970 and 1973;

_* the Shift Foremen’s Logs for 1956-1962 and 1967; and

e uranium tnoxrde productron data o

'The log sheets .and logbooks contalned mformatron on parameters 1mportant for the

; ,calculatlon of releases due to gulpmg operatrons Uranium released from the Plant 2/3
; . scrubbers is composed of releases due to scrub llquor entramment and to particles of UO3 in
' g the air stream that pass through the scrubber Independent estrmates of releases from the
. Plant 23 scrubber system were. performed usmg models of scrubber penetratron by partrcles_ .
'l _ and mrst reentrainment that were based upon_ the recent effluent’ measurements. Monte
Carlo techmques were then used to sample the parameter drstnbutlons and the randomly E

selected parameter values were used to make the release estimates. The parameters
consrdered in calculatrng the releases estimates are:
_ e scrubber outage fraction Dot e
 scrub liquor concentratlon o
* .entrainment release factor -
. amountofUOsmapot,
. gulpi‘ngtime‘. L e o s
. gulpingrelease factor. . . ‘_ — oL

..Estrmates of Plant 2/3 scrubber releases obtained from the Monte Carlo calculations are

Do shown in Table 2 by decade. ‘Median esttmates of releases during three of the four decades of
B operatlon are comparable about 20,000 kg, whlle the value for the 19805 was much lower.’

ﬁ,The median release estimate for the entire penod of operatron was 66 000 kg uranium. This
estimate was bounded by '5th and 95th percentrle values of 56,000 and 78,000 kg uranium, -
'respectrvely The hlghest annual releases were estrmated for the penod 1957-1961

oLty

Table 2. Summary Release Estimates for Plant 2/3 Scrubbers

Best Estimate . - '
- . ..of Release .  _ Other percentiles in distribution of release estimate (kg U)
Period (kgU) .-y ..Bth. ... 25th - T5th .. .95th
1950s 24000 - . 18,000 ., ..;:21,000. .. 26,000 32,000
1960s 19,000, ... 14,000 . .. 17,000 - . 21,000 25,000
1970s . 22,000 . 17,000, -,, ;20,000 . 25000 . 29,000
1980s .. 980 . 1730...... .80 . .. 1100 , . 1,600

’1953 1988 - 66,000 .. 56,000 - .- 62000 - - . 71,000 78,000
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About 25% of the release is. estimated to have been small particles of U0, that
penetrated through the'scrubber. The larger fraction (~75%) would have been urany! nitrate
hexahydrate (UNH). The estimated-size range for these particles is 19~-100 pm. An
alternative calculation of releases from the Plant 2/3 depitratien operations, based on a
change in the outage fraction, is described in Appendix H. ; '

[}

RELEASES FROM PLANT 8 SCRUBBERS

Descriptions of Plant 8 operatioris, scrubber efﬁcieney measurements, and the basis for
both previous and current release estimates are given in Appendix I of this report and in
the Task 4 report (Killough et al. 1993). Ten air scrubbing systems in Plant 8 cleansed, or
scrubbed, the exhaust air by contact with droplets of caustic liquid. Six of the scrubbers—
the rotary kil‘n, oxidation #1, the caustic or primary calciner, uranium ammonium
phosphate (UAP) furnace, the oxidation #2 or NPR, and the green salt reverter—handled
hot exhaust gases from the kiln and furnaces. The other four scrubbers—old digester, new

" digester, the ammonium diuranate (ADU), and the leach tank—treated ventilation air

collected above the dxgestmn and other process tanks Some of the key findings that affect

the current re]ease estimates are:

e The exhausts from these systems were not sampled on a regular basis. Periodic
measurements of discharge concentrations and of scrubber efficiencies were
performed by the Industrial Hygiene and Radiation Department. A number of their
measurements for the caustic, kiln, UAP, and NPR scrubbers were made during the
early 1960s, a period of substantial concern about releases of uranium from these
systems. In the early 1980s, when Plant 8 production was lower, measurements
were made to determine emission factors for the Plant 8 scrubber discharges. '

e There were no reported measurements ‘of the sizes of the particles or liquid droplets
released to the atmosphere from the Plant 8 scrubbers. A theoretical analysis of
Plant. 8 scrubber operations was conducted to estimate these particle size
distributions [see Appendix D of the Task 4 report (Killough et al. 1993)]. About 30%
of the total uranium ‘emitted from the Plant 8 scrubbers included solid particles of
Uaog of less than 10 mlcrometers in diameter. The remainder of the released
‘uranium from the scrubbers escaped as large droplets (80 to 180 pm in diameter) of
reentrained scrub hquor Evaporation of the liquid produced relatively large solid
particles.

Previous estimates of releases from the Plant 8 scrubber systems were reviewed. An
important difficulty with previous estimates of the Plant 8 scrubber releases was.the

* . assumption of a constant scrubber efficiency. Just as with these previous estimates, current

estimates reqmre knowledge of scrubber efficiencies and uranium concentrations in the
scrubber liquor. Plant records were found in storage that provided data on the amounts of
uranium scrubbed from the airborne effluents during periods ranging from one month to
one year. Plant 8 production (uranium recovery) data were compiled to indicate the
changing scale of plant operations. Memoranda and analytical data sheets were located that

Radiological Assessments Corporation
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described measurements of scrubber efﬁc:encres performed in Plant 8, primarily dunng
1961-1965. These data were complled for each scrubber for use in calculations of releases
from 1953 through 1981. Data collected in the 1980s on short-term’ measurements of release
rates from the various st.acks -wére ‘also complled and used for calculations for this later
period.

For the years 1953—1981 annual uranium releases from the Plant 8 scrubbers and the
uncertainties associated with them were 'estimated by applying a simple mode] to each
‘scrubber. The calculations used the following plant-specific data:

» Plant 8 production (uranium recovery) data;

. » _ amounts of uranium found in scrub hquor

» the amount of uranium in scrub hquor per umt production;

e - the use and performance of the ‘scrubbers servmg the calciner, rotary klln UAP

furnace and the two oxldatlon furnaces

For tbe latter years of FMPC operatlon ( 1982—1988) release estrmates were based upon .
' the ‘operating times for the various scrubbers and release rate measurements that had been
- made during scmbber operatxon ‘For both time penods simple models of releases were
applied to mdmdua] scrubbers. When mformatlon on scrub liquor collections was not

- avallable, the 6- to 12-month average ratio of plant production to the amount of uranium

““collected in scrub lxquor was. found to be a reasonable link between production data and
" scrubber operatlons '
Monte Car]o calculatlons were performed to estlmate uranium releases from the Plant 8

" serubbers. The ranges of all of the parameters used in calculatxons were relatively broad,

owmg both to vanabrhty and to limited historic data. Table 3 contains summary release
estimates by decade and for the entire period from 1953 through 1988. The table illustrates
the importance of the releases during the .1960s when plant production was highest. The
median estimate for the 1950s was second highest, about 60% of that for the following full
decade of operation. Alternative calculations of releases .from the Plant 8 scrubbers,
performed to test the effect of different modeling choices on the results, are described in
Appendix I. The first alternative used correlations between scrubber penetration and the

accumulation of uranium -in the scrub liquor for the calculation. The-second alternative .-

approach was based on ratios of release to production for .the early 1960s, when the
scrubbers were studied most intensively. These ratios were applied to the entire period of .
operation. .

The release estimates for the Plant 8 scrubbers that are summanzed in the table are
higher than previous FMPC estimates. The’ fundamental reason for the difference is that
the present calculations consxder ranges of individual scrubber performance that are
broader than the single collectxon ef’ﬁclency of 83 percent that had been assumed for all of
the scrubbers. - o

Analysis of the Plant 8 scrubber releases suggests that two distinct types_ of particles
were present in the emissions. The first type consisted of solid particles of U30g of less than
10 micrometers in diameter which penetrated the scrubber systems. The second type was
droplets of entramed scrub hquor that contamed suspended uranium partlcles ‘During the
first two decades, when releases were highest, it is estimated that about 25% of the releases
were of small particles of U;Og and that the remainder were the result of entrainment of
contaminated scrub liquor containing suspensions of uranium compounds_
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Table 3. Summary Release Estimates for Plant 8 Scrubbers

Best Estimate
of Release QOther percentiles in distribution of release estimate (kg U)

Period (kg U) 5th ' 25th 75th 95th

1950s 29,000 17,000 23,000 - 37,000 53,000

1960s? . 47,000 30,000 39,000 57,000 78,000

1970s 1,700 1,000 1,400 . 2,100 2,700

1980s. 1,400 - 980 - 1,200 - 1,600 2,000
1953-1988 81,000 56,000 . 69,000 95,000 130,000

2 In making these estimates it was assumed that the bypass for the UAP scrubber operated 10 per
cent of the time between September 1963 and April 1966. -

To put these atmospheric releases into perspective, Figure 10 compares the uranium
released annually from the dust collectors, the Plant 8 scrubbers, and ‘the Plant 2/3
denitration processes. The dust collectors dominated the feleases in the 1950s with 120,000
kg of uranium released, wnth a maximum of 54,000 kg of uramum released from them in
1955 alone. In the 1960s, the Plant 8 scrubbers dommated the releases with approximately
47,000 kg uranium released during that decade, compared to 21,000 and 19,000 kg U for the

- dust collectors and Plant 2/3 scrubbers, respectively. In the 19705, the Plant 2/3 scrubbers

were relatively more important, discharging 22,000 kg U, compared to 3,100 and 1,700 kg
U, respectively for the dust collectors and Plant 8 scrubbers. Again in the 1980s, the dust
collectors contributed most to the total uranium re]eases, although the magnitude of all
releases in the 1980s was significantly less than at any other time.
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Figure 10. The best estimates of annual releases of uranium to the atmosphere
from the Plant 8 scrubbers (square), the dust collectors (triangle) and the Plant 2/3
scrubbers (circle). The relative importance of each of these sources to the total
atmospheric uranium release changes with each decade.
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A
OTHER SOURCES AND EPISODIC RELEASES TO THE ATMOSPHERE
Appendix K addresses other miscellaneous unmomtored sources and accidental
releases to the atmosphere. The unmonitored sources include emissions from:
0“ five waste mcmerators, . .
"o "building exhaust and lab hood'ventylatxon .
e mxscellaneous unmomtored process emissions, and
s the waste plts
Accldental releases include: ol aarl o
» non-routineevents,and = ..
. * episodic releases.

Episodic releases are actual acc1dental releases which occurred in the past and which
were large enough to be given speclal treatment in terms of enwronmenta] transport and
dose assessment. In addition to actual ‘episodic re]eases, non-routine releases from other
events, such as spills, fires and leaks of gaseous uranium hexafluoride and uranyl nitrate,
were estimated in a generic way based on the frequency of occurrence of such events. Table
4 presents the total release estimates from the miscellaneous unmonitored sources. In
addition, the table illustrates the difference between our reconstructed source terms and
those pre\nously developed by the FMPC contractor. In contrast to previous estimates, the
reconstructed source terms all carry some estxmate of uncertamty and are well documented.

" Releases from'these sources were more thorough]y ‘examined than they had been in the
interim source term report (Voillequé et al. 1991). There, only a few revxsed source term
estimates were*developed. Although releases from these sources were believed to be
relatively minor . compared with the dust ‘collectors and scrubber ~emissions, the
documentation to support that conclusion was lacking in most cases, and some of the
previous methods ‘used to estimate releases needed lmprovement The detailed assessments
in Appendlx K prowde thorough documentatxon of the magnitude of these sources, with
uncertamtxes

¥

“;Misc'ellaneous Unmonitored Emissions

’ | O

The agreement between past and revised rélease estimates is good for the incinerators.
Of all incinerators at the FMPC, the old solid waste incinerator had the highest total release
... of uranium, with a median estimate of 2200 kg ‘The reconstructed median release estimate '
from building ventllatlon or exhausts (4100 kg U) s over ten txmes h)gher than the prewous
' estimate,-due to two main reasons: :

_ ( 1) the use of lower dilution factor for bmldmg make-up air, and -
(2) the use of higher in-plant airborne contamination levels, measured in the 19505,

make a forward projection through 1970.

The median release estimate for non-routine releases ( 1300 kg U) is less than that
prekusly calculated by Vaaler and Nuhfer (1988), although the 5th and 95th percentile
range encompasses the prevxous estlmate The median estimate of releases from the waste

1
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pits (3000 kg U) was about twice as hlgh as previous results, because we used a model (i.e.,
the resuspension algorithms found in' MILDOS) that was highly sensitive to soil partlcle size
which varied greatly among the pits. : «\\)

Table 4. Summary of Total Estimated Releases of Uramum from Miscellaneous
Unmonitored and Accidental Sources at the FMPC
Total Release Estimate (kg U)

5th-95th Previous
Source Inclusive Dates Median Percentile Range  Estimate? -
Miscellaneous Unmonitored Releases ' :
Old Solid Waste 1954-1979 2200 1600-2900 2471
Incinerator :
Oil Burner 1962-1979 370 270-470 467
o Graphite Burner 1965-1984 230 61-730 129
New Solid Waste - 1979-1986 8. 0.6-90 14
Incinerator
Liquid Waste 1983-1986 4 0.9-9 12d
Incinerator - . : _
_ Building Ventilation 1954-1987 4100 970-15,000 390
Unmonitored 1953-1988 b 110-970¢ ' 324
Process messwns ' '
Lab Hoods 1953-1987 b 20-200¢ 66.5
2, Waste Pits . 1953-1988 3000 - 900-12,000 1560
o Accidental Releases '
Non-routine 1952-1988 . 1300 780-2900 2784
Releases® .
" Episodic Releasesf 1953, 1960, 1700f 1300-2100f Not defined
1966, 1978, - . . _previously
) 1979, 1983 :
S 8 From FMPC operating oontractnr See 1nd|v1dua1 sections of Appendxx K for sources of

mformatmn
b Not reconstructed; estimate developéd previously by the FMPC contractor

¢ Subject.we uncertainty of a factor of 3 applied to previous estimate.
d Based on maximum processing rate.

€ Includes fires, spills, and leaks of.uranium hexaﬂuonde ‘and uranyl nitrate.
fDoes not include the November 1960 episodic release from the Pilot Plant dust collectors, whichis
included in the total dust collector source term. Does include two accidental releases of uranium
hexafluoride and three releases (unknown sources) identified from ambient air monitoring.

o
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Accidental Releases

- Accidental releases are frequently characterized as increases in the effluent discharge
rates due to unplanned and non-routine events. In previous historic reports, typical events
included spills, fires, and cleanup system failures. However, when the frequency of the
unusual events is high, one questions whether the adjective “accidental” is correct.
Similarly, when a large release is the result of a conscious operational decision, it hardly
qualifies as unplanned. Such situations com;i]ieate the definition of the term accidental
- releases; so the term “episodic releases” has been defined and used in the Fernald Dose

Reconstruction Project. Criteria for an episodic release, discussed fully in Appendix K, that .

were used to determine whether spemal evaluatlon of a release from a part.xcu]ar event is
warranted include: T

o. the event under consideration caused the composne release rate of the FMPC to
increase by a factor of ten or more above the value that would otherwise have been
observed, and

o the durauon of the high release rate caused by the particular event was less than 10
days.

Six incidents involving releases of uranium were identified which met our criteria for

special treatment as episodic releases. It should be emphasized that all known releases are
included in the total source term estxmates, but only a small number are truly-episodic
releases, by our definition. Three episodes, documeénted in incident reports, occurred on
November 7, 1953, in November 1960, and on February 14, 1966. The remaining three
episodes were identified by air monitoring data, -although documentation could not be found
to identify the sources. These events occurred sometime during the weeks ending on
September 28, 1978, February 8, 1979, and September 20, 1983. In terms of total quantity of
~ uranium released, the dust loss episode in November 1960 had the most impact. However,
the episode on February 14, 1966 had the largest release rate, releasing 750 kg U in one
hour. A release ‘of about 30 Ci of radon occurred on April 25, 1986, from unauthorized
venting of t.he K-65 silos. This source térm may also be treated separate]y as an episodic
release. Lo :
Frgure 11 compares ‘the relative 1mportance of the various unmomtored sources with
releases from the dust collectors, the Plant 2/3 denitration operations and the Plant 8
scrubbers. It is clear that the magnitude .of :uranium releases from the miscellaneous
unmonitored sources is minor relative to the three major sources of atmospheric emissions
from the FMPC (Flgure 10). When all of the miscellaneous sources mvestxgated in Appendix
K are combmed using appropnate statistical ‘measures, the grand total of the releases is
16,000 kg (median estimate), w1t.h a 5th—95th percentlle range of 9, 300 to 28,000 kg. This
total does not includeé the November 1960 dust loss from the Px]ot Plant, whlch is mcluded
with the total dust collector source term -
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Figure 11. Relative importance of miscellaneous unmonitored sources of
atmospheric releases of uranium compared with releases through scrubbers and
dust collectors. The 50% point represents the median (best estimate). The 5% and
95% points encompass a 90% probability range on the total estimates. Figure 11a is
plotted on a logarithmic scale, so that the uncertainty distributions can be seen more
clearly, while Figure 11b is plotted using a linear scale, which more accurately
illustrates the true relative magnitude of these sources.
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RADON AND DECAY PRODUCT RELEASES FROM K-65 SILOS AND MA'I'ERIALS

The main source of radon: 222 release from the FMPC is matenal stored in the K-65
silos, whlch contain residue, called K-65 matenal from the extr'lctlon of uramum from
pitchblende or other uranium’ ores Ongmally, the waste residues from the processmg,
' mcludmg the K-65 matenal were to be returned to the supplrer the Afrrcan Metals
Corporatlon On an lntenm basrs, the wastes were stored at processmg facrhtles ‘where
they remain. The K-65 matenal contams very hrgh concentratwns of radnum 226 and
consequently, is a significant source of radon-222 emissions.

The K-65 matenal at the FMPC has pnmarlly been stored in large concrete storage
tanks, called the K-65 Silos, located in the waste storage area of the’ sxte Flgure 2 shows the
location of the K- 65 SIlOS, as well as two other waste storage silos. leo 3, the Metal Oxide
Silo, contains the metal oxrde waste matenal another waste residue from the extraction
processing of' uramum ores. The metal ox1de ‘material is also contammated with
radioactivity, but the concentratlon of radmm-226 is much lower than in the K-65 material.
Silo 4 has never béen used, and contams only a small quantity ofwater with very low levels
of radioactive and chemical contaminants. The Metal Oxide Silo~ ‘and Silo 4 are not
considered significant sources of radon-222 releases. Belgian Congo uranium ores were also
processed at the Mallinckrodt Chemical Works (MCW) facility in St. Louis. Due to
insufficient storage capacity at MCW, K-65 matenal from MCW was shipped to the FMPC,
begmmng in 1951, bef'ore constructron of the K-65 Silos was complete That K- 65 material

' was stored in 55-gallon drums on the storage pad around Plant 1.

_ Appendlx J contams the detarled descnptrons of the radon:222 and radon daughter
release estimates, mcludmg more mformatron about the K-65 and metal oxlde materials and
storage 'silos; a summary of previous estimates of radon releases, by others a dlscusswn of
potentxal radon sources at the FMPC descnptrons of our calculatlonal strateg:es for current

......

[ Tt
. and a discussion of an alternatlve calculatlon for companson with current estlmates The

followmg sectrons provrde some rnformatxon about the hxstory of K-65 matenals at the
FMPC and our estlmates of radon-222 and radon decay releases from the srte '

. :Hxstory of K-65 Silos and K-65 Materi_al at the FMPC

‘The K-65 Silos were constructed in August 1951 through July 1952 for storage of K-65

"' materials. However MCW began shlppmg K-65 ‘material to the FMPC before constructlon of
‘the FMPC silos was complete By the end “of July 1952, about 13, 000 55-gallon drums of .

K-65 material (equal to about half the capaclty of one Silo) had been received at the FMPC.

Before dlsposal in'the Silos began the drummed K-65 material was stored on the concrete.

ore storage pad around Plant 1, the Samplmg Plant for the perlod September 1951-mid-
' June 1953. The K-65 material was added to the Silos from July 1952 through September
1958. We thus calculate radon-222 and radon decay product releases from

' the K-65 Silos,'and ' ’

‘e Stored drums of K-65 material on the storage pad near Plant 1for 1951—1953

" The K-65 Silos have had problems of detenoratlon almost smce the time of construction.
Significant ‘eracking in the walls and seepage of the’ contents was noted from the "1950s
(Wunder 1954; Martin 1957). Because of these ‘problems, repairs and improvements to the
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Silos occurred from the 1960s throu'gh' the 1980s. Not all of the chanées to the Silos would
have had a sxgmf cant effect on the releases of radon. The most important change, for radon
emissions, was the sealmg of penetratxons of the Silo domes in 1979. This action would have
su;mﬁcantly reduced the ventilation of the silo air spaces and thus also reduced the radon
releases from the Sllos The addition of an exterior foam layer on the silo domes in 1987 may
have further reduced the emissions of radon. Earthen berms were built around: the Silos in
1964. However ‘at that time the radon releases occurred primarily through openings in the
silo domes, so the addition of the benns would not have altered the releases.

Based on these changes to the K-65 Silos and. .on the operational periods of them, we
estimate radon and radon daughter releases from the sﬂos separately for each of the

- following penods

_ ¢ mid-July 1952 to mid-June 1953 (operational penod for Sl]O 1)
* mid-June 1953 to mid- September 1958 (operational period of Silo 2)
e mid- September 1958 to June 1979 (both silos inactive; prior to sealing penetrations),
e July 1979-to December 1987 (both silos mactxve after seahng penetratlons), and
e - 1988( 1988 is the last year of concern for this project). - '

Current Estim'atesAof Radon Releases

For some other releases at the FMPC, extensive data sets of direct measurements of
release quantltxes are available. However, for radon and radon decay product releases there
are no direct measurements of release quant:tles In addition, until the 1980s there were
very few measurements of parameters that can be used indirectly to calculate radon
releases. Because of this limited availability of data, we use models to estimate radon
release quantities. ‘

The traditional model used to estlmate radon releases from radium-226-bearing
material, such as uramum mill taJlmgs involves calculations of the quantity of radon
formed in the material, and the subsequent diffusion of the ‘radon through the material to
the outside air. For the K-65 materials, measurements have not been made of the. radon:
diffusion coefficient and radon emanation fractlon which are two key parameters in this

. traditional calculatlon Literature values can be obtained for these parameters, but without
_site-specific values, the uncertainty ranges are extremely large. To reduce the uncertainties

in our results, we have used different models, which we believe make the best use of the
limited data that are available. Appendix J describes the available, useful information; the
information lackmg, that would be useful to 1mprove estimates; and the general approach to
estimating radon releases. The methods used for 1980-1987 are generally similar to those
used in previous release estimates (Borak 1985: IT 1989; Grumski 1987; Boback et al. 1987),

' though additional data have been obtained and used.

There are no. dn-ect data available for estimating releases of radon decay products. Thus,
radon decay product releases are calculated to be equal to radon releases multiplied by two
correction factors. The first correction factor accounts for the expected ratio of radon decay
product concentrations in the silo air to the radon concentration (equilibrium fraction). The
second is a fractxonal release factor, that accounts for deposmon of radon decay products

_along the release path (such as cracks in the silo domes or penetratlons in the domes),

which reduces the quantmes of decay products released.

Radiological Assessments Corporation
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As for other releases, we use Monte Carlo methods to perform the calculations of radon
and radon.decay product, releases, so that im.certainties are calculated along .with best
estimates. The estimated reléase rates from the K-65 Silos are plotted versus time in Figure
.12. The cumulative quantrty of radon released from the K-65 Silos for 1959-1979 is larger

- than for other penods, due to the length of this. _period and the higher release rate for the

" period. Releases for this period may also:be important in terms of potential doses to offsite

". people. The predicted radon release rate from the K-65 Silos remained elevated through

most of the 19705, whlle uranium releases to air generally decreased through the 1970s
compared to the 1960s (see Figure 10 and Table 11).

The predxcted total quantities of radon released from the FMPC for 1951—1988 are

' summarized in Table 5. From this summary, it can be -seen that radon releases from the

. drummed K-65 matenal stored on the Plant 1 pad are relatwely insignificant contributors to

_the _total ‘radon releases for the period :1951-1988. However, the radon ‘releases from the

drummed K-65 material occurred when operations at the FMPC were just begmmng and

- releases of uranium were relatively small. Consequently, radon releases from the drumnied

- K:65 material may be srgmﬁcant contnbut.ors to site-wide releases of all radionuclides from
1951-1953. - P Sl .
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Fxgure 12. Est:mated radon~222 release rat,es from the K 65 Silos as a functlon of
time. The peériods indicated ‘are only the nommal penods, the more precrse dates are
given in Appendix J. :
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Table 5. Sﬁmmary of Predicted Total Radon and Radon Decay Product Release -

- Quantities (Ci) from the FMPC for the Period 1951-1988 . \.../;
Rzid@n released =~ ‘Decay products.'r'e_leaseda
, S(.)m"ce of releases 5th median ~ 95th 5th median  95th
K-65 Silos : 110,000 170,000 230,000 37,000 130,000 190,000
Drummed K-65 material 54 720 3400 . 45 - 130 880

stored on Plant 1 pad

'Both sources . _ -7 110,000 170,000 230,000 87,600 130,000 190,000

aThe release quantities for radon-222 decay products are release quantities of each of the
short-lived decay products, polonium-218, lead-214, bismuth-214, and polonium-214. .,

Table 6 presents a comparison of our results with previous estimates of the emissions of
radon from the K-65 Siles. The other studies did not report uncertainties associated with the
release rate estimates. However, results of the other studies generally fall within, or close
to, our 90% probability interval (5th to 95th percentile) of release rates.

'I‘able 6. Compansons of Current Estnmates of Radon Release Rates (Ci y‘l)
from K-65 Silos to Release Rates from Other Studies

Percentiles of our estimates _  Results of other studies

" Period, re]easevpathway. 5th median 95th Value . Reference "

" 1980-1987, diffusion 72 130 " 240 602 Borak 1985; IT 1989° S
1980-1987, air exchange 230 810 1600 10232  IT1989° :
1980-1987, total . 360 95‘0‘ © 1700 10832  IT 1989b
1988, total . ‘ 120 540 . 1300 1150 . Hamilton et al. 1993

2 These results were considered by IT (1989b) to apply to the complete period 1953-1984, but we
believe that the conditions and parameters used to develop the estimates were only valid for the
penod July 1979-1987.

b This result was the average release rate calculated for 1989-1990. We compare it to our results for
1988 because we believe conditions of the Silos were unchanged for 1988-1991.

We did an alternative calculation of radon releases using more conventional methods.
This method estimates radon releases that would exist if the Silo domes did not cover the
K-65 material. The results of the alternative method are- generally consistent with, but not
as satxsfact,ory as the current methodology because of very large uncertainties and the
apparent underprediction of the radon releases

DIREC'I‘ EXPOSURES FROM GAMMA RADIATION FROM THE SILOS

Radiurﬁ-226 and other radionuclides in the materials stored in the K-65 and Metal

‘Oxide Silos produce emissions of gamma radiation, which may have exposed people outside

the FMPC. In our Task 4 Report (Killough et al. 1993), we described the methodology to be

Radiological Assessments Corporation S~
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. used to calculate exposures and doses due to thls direct radxatron Exposure rates will be
calculated usmg the MicroShield 4 computer software (Negin and Worku 1992). In Appendix
J, we provide additional mformat)on necessary to complete the exposure calculatxons that
will be reported in the Task 6 report.
. The two K-65 (Silos 1 and 2) and the Metal Ox1de (Silo 3) Silos are the only mgmf' cant
- sources of dlrect radlatlon exposures to people outs:de the FMPC boundary Thrs conclusion
is based on the results of aerial radiation surveys ‘of the FMPC site and surrounding area,
and results of penetrating radiation momtonng performed by 'the FMPC along the site
' boundary Additional information is used for dlrect exposure calculations, mcludmg
_» concentrations of radionuclides in the leos 1,2 and 3, ' .
.. concentratlons of radlonuclldes in the air space of the K-65 Silos,
+ densities and moisture content of the materials stored in the Silos, and"
~» information about the time-history of filling of the K-65 Silos. '

LIQUID WASTE DISCHARGES FROM FMPC

Ll(]\.lld wastes that are generated at the FMPC come from three mam SOUrces; process
. water via the clearwell portion of the waste p1t samtary sewage, and storm water Fxgure 2
shows that hquxd effluent streams from FMPC are released to the offsite envn-onment at
two locatxons These are (1) the combmed sewer outfall which dxscharges through Manhole
- 175 into. the Great anml River at a pomt almost dlrectly east of the plant site, about three
. miles upstream from New Baltimore and (2) the’ storm sewer outfall which dlscharges into a

branch of Paddy’s Run onsite. Appendix L prowdes more detalled _descriptions of the’

.principal contributors to liquid discharges from the FMPC and the’ types of documentatlon
" used to tabulate the discharges.

Releases of Uranium in Liquid Efflueuts from the FMPC

To the Great Miami vaer. Manhole 175, located on the eastern s:de of the facllxty, is

" the discharge point for waste water leavmg the site. through the main effluent line to the’

Great Miami River. It is the final Junctlon point of the major waste effluent streams from
the fac:hty ‘The dlscharge flow to the anm1 Rwer was contmuously measured. A’ composxte
_ samp]e was collected and analyzed for uramum on a dally basms _These daxly uramum
measurements were located for 1958- 1964 and monthly totals were avaxlable for later
years When specific mformatlon was not located for a partlcular month an average value,
based on the other months in the same year, was used '

The quantlty of uranium released to the nver is the product of the uranium
concentratwn multiplied by the flow volume Sources of uncertamty for these estimates of
: uranium losses through Manhole 175 to the Great M:amr River come pnmanly from the
- analytical errors in measuring efﬂuent ﬂow, and in samplmg and measuring uramum

concentrations in the water.

To Paddy’s Run. Runoff water collected in the storm sewer system passed through the

storm sewer lift station before release through Manhole 175 to the river. Since the storm
sewer lift station was not connected to any process, all the uranium lost through it was
assumed to be from leaks and spills (Ross, 1972). When the capacity of the storm sewer lift
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station was reached, water overflowed through ‘the storm sewer outfall t,o Paddy’s Run. The
volume of storm water that overﬂowed the storm sewer lift statlon was related to rainfall
amounts and patterns,

Estimates of uranium losses from the storm sewer outfall to Paddys Run were based
upon analytical data sheets and monthly reports which listed the individual outfall events
occurring during that month, There are three major components of uncertainty associated
with estimation of uranium losses to Paddy’s Run: :

o the analytical errors associated with determining uranium concentration and water

flow before discharge to Paddy’s Run.

» time periods when rainfall, and consequently mnoﬁ' were quite high and the

~ capacity of the storm sewer lift station flow meter and v-notch weir at Paddy’s Run
was exceeded.

¢ unmeasured losses from the site above the point where the storm sewer outfall

enters Paddy’s Run (where the measured losses were recorded).

Figure 13 shows the annual uranium release estimates to the Great Miami River and to
Paddy’s Run for all years. The magnitude of the uranium releases to the river peaked in
1961 with 7300 % 140 kg uranium. From 1974 onward, the annual releases were below 1000
kg. The uranium losses to Paddy’s Run show much more month- t,o month variation than do
the uranium losses to Manhole 175 (MH 175). However, the average quantity of 500 kg
uranjum dxscharged through Manhole 175 to the Great Miami River each month durmg the
early 1960s was roughly five times greater than the average quantity of 100 kg of uranium
lost to Paddy’s Run during that same time.

Other Radionuclides Released in Liquid Effluents

Release estimates for thorium, radium-226, radium-228, and fission and activation
products are based on correlatidns between the total annual releases of uranium and those
of the other radionuclides. These ratios of releases, tomputed for years when measurements
were made, provide a basis for estimating the release of the other radionuclides for years
when they were not measured. This methodology is described in Appendix D in the present
report, and in Appendix C of Task 4 (Killough et al..1993). Ratios of the annual average
activity of a radionuclide (or quantity of thorium) to the annual uranium quantity were
calculated for years when data were available. The measured concentrations at MH 175
reported in analytical data sheets were used to calculate the ratio for some years. Annual
average concentrations of radmm, thorium and the fission and activation products in hquxd
effluents were reported by the FMPC in historic release repOrté (Boback et al. 1987), and in
annual environmental monitoring reports beginning in 1976. The variability of the release
ratio from year to year was considered in deriving the uncertainty associated with the
estimated releases of these other radionuclides. The release estimites and uncertainty
analysis were computed using Monte Carlo techniques in the Crystal Ba]l“’ program

~ (Decisioneering 1993)
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Fxgure 13. Uramum losses to the Great Mianii River via Manhole 175 and to
Paddy’s Run’ 'from the FMPC from 1952-1988. The uncertainty of each estimate is
described by the 95th percentile (top,‘broken line), and the 5th percentﬂe (lower,
dotted hne) Sian o

Table 7 summarizes our estimates for releases of materials in liquid eﬁ‘lueﬁts from the
FMPC for all years of operation. OQur best estimate of uranjum released to the Great Miami
River for all years is 82,000 kg. The 5th to 95th percentile uncertamty range is 71,000 to
94,000 kg of uranium. Some .estimates of uranium in liquid wastes have been made by
*. 'others on an annual basis (Boback 1971), .or,in summary reports evaluatmg the past

discharge history of the facility (Rathgens - 1974 Boback et al., 1985). These estimates of
uranium to surface water from 1951 through 1984 ‘range from 74,000 to 17, 000 kg (Boback
et al.11987,-Galper 1988) and fall within the uncertainty range of our estlmates Revisions to
i+ historic ‘discharge reports generally focused,on amending estimates - of uranium loss to

airborne effluents, and did not mclude updated ﬁgures for hquld effluents (Boback et al.
1985, Boback et al. 1987). - o

The total release estimate for uramum to Paddy s Run via the storm sewer outfa]l d)tch
and runoff is:17,000 kg of uranium. The 5th to 95th percentﬂe uncertamty range is 14,000
- t0 20,000 kg of uranium. Losses to Paddy’s Run show much more month to month vanatlon
-of uranium occurred from 1960 to 1964, wheo tf1e average quantlty of uranium dnscharged
through MH 175 to the river was appronmately 500 kg each month, -about 3 to 4 times
greater than the average quantity of uramum lost to Paddy’s Run each month.

The other materials released at various times over the ‘years include decay, fission and
activation products of uranium, thorium and recycled uranium. Recycled uranium was not
processed at the site until laté 1962, so releases of fission and activation products would not

* have begun until that time. Releases of thorium, and one of its decay products, radium-228,
occurred when thorium was processed ‘at the site in 1954-1957, and 1964-1988. Releases of
radium-226 occurred throughout the history of the site; and the total release is estimated at
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! . 18, 000 mCi or 18 Ci, with an uncertainty range of 15 to 22 Ci. These values will be used to
calculate radiation doses to the population in the vicinity of the FMPC in our final task
report.

Table 7. éummary of Total Estimates of Radioactive Materials Released From the
FMPC in Liquid Effluents For All Years of Operation

Material Released to Great » Uncertainty Range
Miami River Median Value (5th Zile to 95th %ile)
Quantity (kg) Quantity (kg)
Uranium 82,000 71,000 to 94,000
Uranium (To Paddy’s Run) 17,000 14,000 to 20,000
' Thorium ' ) 5,800 ' 3800 to 9400
- , . C Activity (Ci) ~ Activity (Ci)
Radium-228 2.7 : 0.33 to 20
Radium-226 . _ 18 - 15 to 22 .
Plutonium-239,240 0.0088 . 0.0019 to 0.033
Plutonium-238 ' - 0.00028 0.00016 to 0.0034
Neptunium-237 0.0044 - 0.0011t00.018
Cesium-137 0.54 0.14 to 1.9
. Ruthenium-106 0.056 0.014 to 0.22
Technetium-99 : 300 110to 800

Strontium-90 6.0 : 15to24 -

The chemical form of uranium in liquid effluents is not known with certainty, but
several uranium species of both the +4 and +6 oxidation states may have been present in
" solution i in liquid waste streams during this period. The ratios of these various ionic species
in the process waste streams, in Paddy’s Run, or in the main effluent pipeline to the river,
would be a function of the pH of the water. The presence of suspended solids in' the liquid
wastes is considered in assessing the relative solubility of uranium in liquid releases. Daily
measurements of total suspended solids (TSS) were made on 24-hour composite effluent
L samples at MH 175 beginning in 1956 (NLCO 1956). Among the suspended solids may have
2 ‘ been very small particulates of the insoluble U3Og and UOs. Not all the suspended solids
measured on a dax]y basis were uranium, but the average monthly values may provide an
upper bound, or conservative estimate, for the amount of insoluble uranium .that was
released in liquid effluent. Furthermore, some uranium-containing suspended solids that
were released into the waste streams might have dissolved during dilution downstream
from the FMPC.

URANIUM CONTAMINATION IN GROUNDWATER OUTSIDE THE FMPC

Contammahon of the groundwat,er could occur elther by direct discharge of waste
waters to it or by infiltration of contaminated water through the soil. No evidence of direct
discharges to the groundwater from ‘the facility has been found in review of historic
documents. Concern about the infiltration pathway has been evident in FMPC documents

Radiological Assessments Corporation
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since the late 1950s, and a variety of studies and ,analyses have been conducted from that
time to the present day (Eye 1961, Dove and Norns 1951, Hartsock 1960, Spieker and
Norris 1962). Recent reports descnbe the measured contammatlon levels in groundwater
primarily to the south and southwest of the FMPC that have resulted from infiltration of
water bearing uranium to the aquifer (GeoTrans 1985, ASI-IT 1990). Uranium
contamination of groundwater outside the FMPC has been known since late 1981, when the
first samples of water from private wells.were analyzed. The significant offsite uranium
contamination in groundwater is south of the site, and is now called the “South Plume.”.
There are additional known areas of groundwater contammat:on on the FMPC site, but only
the South Plume area extends outside the site boundary. Since this dose reconstruction
project is ‘concerned with past doses ‘to’ people around the site, the groundwater
contamination under consideration here is limited to the South Plume. Figure 14 shows the
estimated area of the South Plume contamination, as of 1991. Also shown are the locations
of the private wells sampled by the’ 'FMPC momtonng program.

In our Task 4 report (Killough et al. 1993), we examined the potentlal importance of the
groundwater contamination for doses to people around the FMPC. It was shown that only
three of the private. wells monitored, numbers 12, 15, and 17, have had measured uranium

concentrations above the range of background. Although well 26 is within the area of -

groundwater contamination, it is installed  deeper in the aquifer, and the uranium
concentrations are at background levels. We concluded that because of the limited area of
the South Plume, only a small number of people would have potentially received radiation
doses from contaminated groundwater. Towa‘rd' the main objective of. this' project, the
determi;nation'of the feasibility of an epidemiological study, ‘'doses to these people would be
less significant to the collective population dose than doses through other pathways. For this
reason, we further concluded that a detar]ed assessment of the groundwater transport of

-radronuchdes, and detailed assessments of doses to individuals potentially exposed through

groundwater pathways, are not warranted. For other project objectives, it is still important
to estimate potential doses through -the groundwater pathway, so instead ‘we use simple
methods to estimate concentrations of uranium in the three contaminated wells Appendxx
M contams details of our groundwater assessments " ‘

LIS
Tal.,

,Potentxal Sources of Groundwater Contamxnatxon '

att o A

The status of groundwater contamination i in the v1c1mty of the FMPC has been mvestxgated

" Appendix M describes a special study ' that *was ‘conducted to determme ‘the primary

transport pathway for uramum deposxted on soxl around the FMPC The study compared

See

. of the study show that uranium deposxted on soﬂs is pnmanly transported by mﬁltratlon

and that soil erosion transports the Ieast amount of uranium. There are two potential

: sources of groundwater contammatlon ongmatmg on the FMPC site (see Figure 14): (1)

historical re]eases of uramum-contammated water to Paddy’s Run and t6 the Storm' Sewer

‘Outfall Ditch (SSOD), and (2) possxble re]eases from the sohd and hquld waste prts in the

waste storage area. :
Of these two potential sources, the’ pnncxpa] source of urdnium contamination in the

-South Plume has been determined to be ‘the hlstoncal re]eases to Paddy's Run and the

SSOD (DOE 1990). The bottom sediments of Paddy’s "Run and the SSOD are very permeab]e
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in the area north and west of the South Plume, so these areas are recharge areas for the
regional aquifer. Thus, uranium contamination in Paddy’s Run and the SSOD percolates
downward through the permeable sediments to ultimately reach the groundwater.

LEGEND - ® 3

@ _ Pnvate wek, and FMPC mongorng
12 number

Q South Plume: approxsmate area of
or

New Haven R4

—r C P

Figure 14. Approximate area of uranium contamination in the South Plume at the
end of 1991, ‘and locations of the private wells around the FMPC sampled in the
FMPC routine monitoring program. Sampling point W7 is a location for sampling
the surface water in Paddy’s Run, at the Willey Road bridge. :

Estimated Uranium Concentrations in Private Wells

A preliminary investigation of t.he movement of contammat,ed groundwat.er ‘was
performed, to determine the transport. times requxred for uranium contamination to move

‘from the source (waters in Paddy’s Run and the SSOD) to offsite locations. The study.is

described more fully in Appendix- M. Based on results of this prehmmary assessment, we
coricluded that the South Plume would not have reached the offsite private wells in the

South Plume area until after 1962. Thus, exposures of people using wells in the South

Plume might have occurred from 1963 onward.

Monitoring of the three contaminated wells (wells 12, 15 and 17) was initiated in late
1981. Routine monitoring of these wells, as well as other private wel]s, has been performed
by the FMPC since 1982. We obtained results of monthly measurements of uranium

Radiological Assessments Corporation
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- concentration in well water for the three contammated wells for late 1981 through 1992.
. Annual average uranium concentrations are shown in Table 8. The annual average
_ concentrations for 1982-1988 w:ll be used .as the baszs of dosxmetry calculatrons for these

years. .

For the period 1963-1981, for whxch well momtonng was not performed we used models’
. to estimate concentrations of uranjium that m1ght ‘have existed in well water of the South
~.Plume. We first.developed an: estimated upper. bound on the annual average uranium
~.concentration that could have existed in wells 12, 15, and 17. As mentioned above the

primary source of uranium contamination of the South Plume has been determmed to be

-uranium-bearing .waters released into Paddy s Run and the SSOD. Thus uranium
+. . concentrations in the groundwater are expected to be at the most, equal to concentratlons in
- Paddy’s Run and the SSOD. Uranium concentratxon data for Paddy's Run and the SSOD

were obtained and compiled in Appendzces L and M Uranium concentrations were h:gher in

the SSOD than in Paddy’s Run. In the SSOD the ‘maximum concentration of uranium was
. 8,300 pCi L1, for the year 1960. Thus, hlS value is used as the upper bound of the annual

average uranium concentration that mlght have exxsted in the contammated wells during
1963-1981. -
" We recognize that this upper bound is an extremely conservative estimate (that is, the

-estimated value is too high) of the uranium concentrations in the three contaminated wells

for 1963-1981." The  conservatism results -because: (1) the maximum annual average

"'"'concentratlon was used to represent the concentrations for the complete period, (2) dilution
~of the uranium with water from Paddy’s Run (with lower concentrations than that of the
SSOD) was ignored, and (3) dilution in the groundwater (from other groundwater sources) .
was also ignored. For the dosnmetry caleulations, we believe the use of the upper bound -
' uramum concentration of 8,300 pCi L}, to represent concentratlons in private wells of the
" South Plume area for 1963-1981, is unreahstlcally conservative.”

Table 8. Annual Average Concentrations of
Uramum (pGi'L-1) in the Three Contaminated Wells® '

-  Year  © Well12 ' - Well15 Well 17

. 1982 1m0 820 . 45 -
1983 CF7180 - e 2000 -7 T 39
1984 170 220 - 86
1985 . :-140 - -, 200 - SR ST

. 1986 ... 150 1. 190 .81

. 1987 200, . . 200 S .40
1988 170 .10 38
1989 170 L ',190 o270
1990 180 180 30
1991 100 ‘170 . 2T .

S 1992 - 0 100 aeiie 01500 25°

® The range of long-term average, background concentrations of
“total uranium in private well water around the FMPC s 0.09 to
:*1.3pCiL~! (Shlelen et al. 1993) o . x D
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Thus ‘we developed an empmcal model to estimate uranium concentratlons in the
contaminated wells. An empmcal model is one based primarily on measurement data,
rather than qn theory, to explain.the particular conditions. In this case, the data we used

_are the annual average measured uranium concentrations in the contaminated wells for .

- 1982-1992, and the calculated quantmes of uranium released to Paddy’s Run and the SSOD
for 1952-1988 (these releases are discussed in Appendix L). Details of the model are

described in Appendlx M. We 'think that the use of this model provides more realistic,

though still somewhat conservative, estimates of uranium concentrations that might have
existed in the contammated wells for 1963-1981. '

Table 9 summarizes the uranium concentrations in well water from-the South Plume,
that will be used for the dosimetry calculations (Task 6). The values for 1963—1981 are based
on the empirical model. Based on the empmcal model calculations, it is likely that uranium
contamination in the groundwater would not have reached the offsite wells prior to 1968
(estimated concentrations are zero prior to 1968). The values for 1982-1988 are the annual
averages based on measurements for well 15. Concentrations from well 15 are used in this
assessment because they are the highest concentrations of the three contaminated wells.’

Table 9. Values of Uranium Concentration (pCi L™!) Used to Represent Annual
Average Concentrations in Contaminated Wells of the South Plume Area

Year Concentration Year Concentration Year Concentration
1951-19672 . 0 1975 490 1983 290
1968 180 1976 580 1984 220
1969 230 1977 620 1985 " 200
1970 230 1978 620 1986 190
1971 230 1979 570 1987 200
1972 240 1980 510 1988 190
1973 290 1981 460 -
1974 370 1982 320

4 The concentratlon l\sted is appl\ed to each yearin this range

TASK 2 AND 3 SUMMARY AND CONCLUSIONS

The purpose of the Fernald Dosimetry Reconstruction Project is to estimate doses to the
public who lived near the Feed Materials Production Center near Fernald, Ohio from the
radionuclides released to the environment during operation of the facility. This report
describes our best estimates of releases to the atmosphere and to surface water from FMPC
operations, and from the K-65 Silos, during the period 1951—1988 Table 10 prov:des a
summary of our best estimates these results.

Figure 15 shows the relative contributions of uranium released from the major sources
at the FMPC facilities during the period. These major sources are uranium released to the
atmosphere, uranium released in liquid effluents, and releases of radon gas and its decay
products. They are shown in three main sections separated by vertical lines. Numerical
values of the best estimate of release are shown next to the heavy bars that represent them.

Radiological Assessments Corporation
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The methods used to determine these release estimates are descnbed carefully and fully in
the accompanymg appendrces : .

v Aam e

‘ Table 10. Summary of Median Uranium and Radon Release Estimates From the
' FMPC for 1951-1988 With Uncertainty Bounds"

Median release '~ :

" Source o estlmate . - 5th percentile -.-95th percentile
U to Atmosphere o S TR : S
" +Dust Collectors 140 000 . 120,000 - . - 170,000 -
~; Plant 2/3 Scrubbers 66000 /56,000 . 78,000 .
..Plant 8 Scrubbers . 81,000 . .. 56,000 : 130,000
.. Miscellaneous Sources? . 16,000 N 9,300 o 28,000
- Total: alrborne sources 7 310 090 © .7 270,000 - " 360,000
U to Surface Water B L ' o L
To the Great Miami River - ‘ 82 000 ... .-+ 71,000 94,000, .
To Paddy’s Run - 17,000 14,000 20,000
Total: surface water - 99,000 - '85,000 - 120,000
Radon toAtmosphere . ! S ,
K"65 SIIOS i : 1‘-“:’1 “a R N .:1' . :
Radon-222 " - ~, 170,000 Ci : 110,000 Ci 230,000 Ci
Radon'-222 decay products® - 130 000 Ci 87,000 Ci 190,000 Ci

I
¢

a Va]ues are in kg nf uranium, except for releases from the K-65 silos which are reported in
units of activity, called curie, Ci. Median estimates of releases from the various sources
cannot be directly added to nbtaipn a ¢orresponding total median release estimate for all
sources because medians do not have ‘the "additive properties that are associated with
anthmetrc means. See discussion on uncertainty i in release estimates on page 10.

b These estimates do not include the November 1960 re]ease from the Pilot Plant which is
included in the dust collector releases.

€ The release quantities for decay ‘products are quantmes of. gagh of the short-hved decay

__products po]omum-2l8 lead-214, blsmuth-214 and polonium-214.

It should be noted that uncertainties associated with the parameters used to determine
these values vary considerably. In some cases, detailed measurements had been made and
were located. An example is the uranium dxscharged Jjn liquid effluent to the Great Miami
River. In other cases, however, measurements of uranium losses were not made, and
current release estimates are based on other information (for ‘example; the Plant 8 scrubber
releases). The median release estimates do not-stand alone. The  statistical parameters
reported with these values in the appendices are an integral part of the release estimates;
they should always be reported with them The table and figure mclude ranges of estimates
as well as'the best estimates’ to provnde a general comparatwe overvrew of annual release
esttmates for these years.

- For the operational penod of, the FMPC the tota] releases from . atmosphenc sources
(dust collectors, Plant. 2/3 'scrubbers, ,Plant,8 scrubbers and. miscellaneous sources) are
310,000 kg uranjum, with the 5th to 95th percentile range of 270,000 to 360,000 kg. The
predicted total quantities of radon and radon decay products released from the FMPC

LTI
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through 1988 are 170,000 Ci (5th to-95th percentile range of 110,000 to 230,000 Ci), and
130,000 Ci (5th to 95th percentile range of 87,000 to 190,000 Ci). For releases of uranium in
liquid effluents, the median release estimate to the Great Miami River during this time
period, is 82,000 kg (5th to 95th percentile range of 71,000 to 94,000 kg), while that to
Paddy s Run is 17,000 kg, with the 5th.to 95th percentxle range of 14,000 to 20,000 kg.

"It is important to realize that median estimates of releases from various sources may not’

be directly added to obtain a corresponding median estimate of the annual total release for
all sources. The reason is that the medians do not have the additive properties that are
familiar to most people from dealing with (arithmetic) means. We have chosen to use
median estimates becduse they represent the 50th percentile of their distributions. For
nonsymmetric dxstnbutxons such as those encountered in this work (principally lognormal
or approximately so), the mean is larger than the median by an amount that increases with
the weight of extremely large values. For this reason, the median is considered a more
stable measure of the central tendency of the distribution, and it is generally used in this
study to represent best estimates of uncertain quantities.
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Figure 15. Summary of release estimates from the FMPC for the years 1951-1988.
Releases are divided: into three main’ sections which are separated by vertical lines.
The center square represents the median or best estimate. The dark square on top
represents the 95th percentile value, while the lower diamond ‘represents the 5th
percentile value. Ninety percent of the estimates lie within the range defined by top
and bottom values that surround the best estimate.
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Our work strongly supports the conclusion that atmosphe'idc releases account for the
greatest fraction of uranium released from the FMPC facility. Table 11 summarizes the
grand medians and percentile values for the releases by decade for the three primary
sources—the dust collectors the Plant 8 scrubbers and the Plant 2/3 scrubbers. The total
releases “estimate for’ 1951-1084 is a summary “for ‘all release points, including the
. unmonitored and-accidental releases. .The unmonitored releases are relatively. minor
compared to the three major sources, contributing only 16,000 kg uranium over the 47-year
time span (Figure 15). Uranium releases to the atmosphere were highest in the 1950s with
175,000 kg uranium released from the three primary sources, and declined to almost half
that in the 1960s. Total release estlmates for the 1970s and 1980s are srgmf' cantly less at

30,000 and 4 400 kg, reSpectwely

Table 11. Summary of Uramum Release
Estimates for the Airborne Sources

" Best Estimate
Period = "’ (kg
1950s 175,000
1960s 90,000
. 1970s, . ... 30,000
1980s ST 4,400

. 2 Releases by decade are releases from the
~ dust collectors, the Plant 8 scrubbers and the
Plant 2/3 denitration processes : )

»

* There have been several previous attempts at determination of uranium releases from
the FMPC. Estimates of uranium discharged in liquid effluent were have been-made by
others on an annual basis (Boback .1971), or in summary reports evaluatjn}; the past
discharge history of the facility (Rathgens 1974, Boback et al., 1985). These estimates of
uranium to surface water from 1951 through 1984 range from 74,000 to 77,000 kg (Boback
. et al. 1987, Galper 1988) and fall within the uncertainty range of our estimates. Revisions to

* historic discharge reports generally focused on’ amending estimates of uranium loss to

‘ 'axrborne effluents, and dld not mclude updated ﬁgures for llqurd eﬁ'luents (Boback et al.
‘ 1985 ‘Boback ‘et al. 1987).

Prevrous reports of alrborne uramum re]eases whlch have been used to estimate
radiation doses in the offsite populahon ‘around the FMPC have been rewewed for this
project (Shlelen 1991) Table 12 summanzes estimates of atmosphenc re]eases of uranium
which have been presented by others prevxous]y ‘These pre\nous studles to determine the
releases of radionuclides from the FMPC have yielded source terms which are less than our

“median or best estimates descnbed in the’ present report. Our uncertamty ranges do not
‘encompass these ‘estimates except for that ‘of the IEER Exhaustwe compansons have not |
been made; however, reasons for our higher estimates include:

- the time to examine numerous documents, in particular ongmal records, related to the

FMPC operations;

. the use of a dlstnbutlon of scrubber efﬁcrencxes for Plant 8 scrubbers;

~

eret 4y

ety

St

N

RS 'Y

-



e

RN

3

Radionuclide Source Terms , Page 43
and Associated Uncertainties for 1951-1988

* accounting for uranium losses from miscellaneous unmonitored sources and accidents; .
e accounting for biases from sample line losses and other sampling deviations in the
calculation of dust collector losses.

Table 12. Summary of Previous Atmospheric Uranium Release Estimates

Years (inclusive) Uranium (kg) Reference
1953~1984 96,000 Data for EPA estimate?
1951-1985 -135,000 = FMPC-2082 report.h
1951-1987 ’ 179,000 Addendum to FMPC-2082 Report; IT report°
1951-1985 390,000 Reports prepared by Institute for Energy and
Environmental Research for litigation involving
the US DOE¢

2 From Kennedy 1985 and Meyers, no date; no specific documentation for estimate is provided.

h From Boback et al. 1985; report estimated. airborne uranium releases from plant operations only.

¢ From Clark et al. 1989 and IT 1989; addendum also included uranium releases from Plant 2/3
scrubber operations, unmonitored releases and accidental releases. The IT report used the source
term from the Addendum to the 2082 report.
d From Makhijani and Franke 1989; this estimate from their “alternative #2” calculations included

additional scrubber losses from Plant 8 based an 70% efTiciency for scrubbers instead of 85%.

Our methodology represents a significant improvement in the state-of-the-art of source
terms analysis over previously reported data. It involves estimating a median, or best
estimate of the releases in addition to a formal uncertainty analysis of parameters
associated with these estimates. The Monte Carlo procedure uses our best estimates of the
distributions of parameter values to produce a distribution of results. This process has
resulted in obtaining a distribution of release estimates, instead of determining a single
point estimate of the various parameters, with a single result. As a result, the source term

. has been characterized by a distribution of uncertainty for each year’s releases.
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APPENDIX A

SOURCES OF INFORMATION FOR THE FERNALD DOSIMETRY
RECONSTRUCTION PROJECT

A major effort in the Fernald Dosimetry Reconstruction Project has been searching for,
and reviewing thousands of documents related to the operation of the 'Feed Materials
Production Center (FMPC) since the facility opened in 1951. It has been our practice to
trace the information back to original sources whenever possible. In the Task 1 report,
issued in January 1991 (RAC 1991), we outlined the general approaches that we have taken
to obtain this information. These five methods, which have formed the.foundation for.the
project in providing the technical data for this study, include site visits to the FMPC facility;
investigation of records and scientific literature pertaining to the FMPC; the retrieval and
review of documents from NLO, Inc. using their computer- database of document. titles;
examination of engineering diagramis, site blueprints, historic photographs and maps; and
discussions with current and former longtime employees. The employees’ recollections on
plant processes, and procedures.that routinely occurred since facility start-up served to
identify sources and locations of documentation. Many of these individuals had been at the
facility since the early fifties and sixties, and had served in various capacities, including
maintenance, engineering, production, and plant management.

Because we realized the importance of retrieving documents from a wide range of
sources, considerable time has been spent identifying types and locations of reports and
records pertinent to the completion of this project. Generally, this documentation of FMPC
operations and releases comes from two broad areas: (a) those produced by National Lead
Company of Ohio, Inc. (NLCO), the former operator of the site, the Westinghouse Materials

Company of Ohio (WMCO), the site operator from January 1, 1986 through 1992, and the’

Department of Energy (DOE); and (b) those issued by FMPC-independent sources.

The purpose of this appendix is to outline these sources of information and the types of
documents that were found. For each source or location of documents, we have described the
broad types and dates of documents, and have maintained detailed records of the reports
and records that we have obtdined at each location. In. addition, RAC has maintained a
detailed bibliography of all documents that we have gathered for the project. The documents
in the RAC Document Repository are organized by topic and listed in Annex C of this
appendix. All documents in the RAC Document Repository have been kept at a single
location throughout the active phase of this project, but will be transferred to CDC at the
conclusion of the project. Table A-1 lists the general sources of documents, dates, and
comments. Each category or location is described briefly.

FMPC SITE

Many official monthly and annual FMPC reports, analytical data sheets, records,
logbooks, and personal notes and diaries for most years of operation still exist. These
various types of records at the FMPC site are found in the main records storage area

Radiological Assessments Corporation
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(Central Files), the Library, and .individual plants or. buildings. The great majority of
_ documents in the Central-Files area have been tabulated in the FMPC Records Storage
Inventory list of documents. Although ‘individual documents aré not listed, most records are
grouped together by department, individual's personal records, plant processes or bulldmg
location. The documents on the list are distributed ‘among four locations: in the Central
"Files vault at the FMPC site, at the Federal Storage Center in Dayton, in Jocal storage in
"Cmcmnatx, or in the process area (Plant '9 or -Plant 4) where contaminated records are
stored. There is an index card for each ‘file :folder of records which indicates its location,
date, and box number holdmg the documents. .

Records and documents in the Central Flles and Vault at FMPC are listed in the WMCO
. FMPC Records Storage Inventory list. The list'is orgamzed by topic or document type under
a particular department. The actual record related to each topic may be located in a single
folder in a box (about 13" x 16' ) or may requlre many boxes each with records related to
" the main topic, ' caroo e’ :

We used the WMCO FMPC Records Storage Inventory list to select documents of
interest. In the following table, document topxcs or types are listed in the first column with
the box number followmg The topics are arranged by department similar to the FMPC
‘Records Storage Inventory list from which we were warking. Each topic or document type is
listed by box number, if known, and outcome or status. The "not useful” comment indicates
that the information was not helpful to us at‘the time. Other comments were added when
available. All copled documents are part of the RAC document repository. Annex A of this
.appendix hsts the types and status of documents that we reviewed from the Central Fnles
-storage area. :

The Library is a source of logbooks kept by mdmduals or as a record for various
processes or departments and some classified documents. All documents are listed in a card
N catalogue and stored in a secure vault'there. The library has an index, and copies of all
- FMPC Quarterly ‘and Toplcal Reports pubhshed since operations began. Although many
logbooks and dlarxes are descnptxve in nature, a few also provide quantitative ‘data on
operation times and duratron, productlon amounts or concentrations and volumes of
materials released. Many of these have been reviewed and copied.

The card file of classified documents was _examined. Many of the classrf ed documents '

were compilations of abstracts of classrﬁed tesearch that had been performed over the years
"by the AEC. Dunng construction ’ of a new"bulldmg, the Library vault was: closed
temporanly Dunng that txme, the p]ant ]ogbooks were sent to Central Files, .to storage
offsite, or to 4 onsite if the logbooks were contaminated with low-level radioactivity. RAC
has compiled a list of all FMPC logbooks that have been examined up to this time.

The repository for contaminated documents and logbooks is located on the third floor of

Plant 4. Over thecourse of the project we spent ample time examining -the documents that -

were sent there from other areas onsite, and noted records of interest. Annex B to this
appendix lists the box numbers, dates and the types and status of the documents in the
' contammated box reposxtory at the FMPC
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Table A-1..Sources and Locations of Documentation for the

Fernald Dosimetry Reconstruction Project

Source and Location Dates of
of Documents Documents Comments
FMPC Site . , -' . .

Central Files All WMCO provided list of all document categories. RAC
checked hundreds of documents in dozens of boxes; a
listing of all files/boxes examined has been kept.

Library All FMPC quarterly and topical reports, logbooks and

' diaries. Classified document card file examined; no

significant content. Listing of loghooks examined here
and in Plant 9. -

Plant 4 All Contaminated logbooks and documents in boxes from
Central Files and Library.

Plant 6 All _ Seven 4-drawer file cabinets with files from “metal”

‘ and “chemical” plants. Most files related to process
testing and Test Authorizations since FMPC startup,
their status, and final report, if done. List is
available.

FMPC Public Affairs 1980s Hundreds of documents on environmental

. Reading Room and’ procedures, investigation reports, safety, hazardous

1990s maternials and waste, and general information about
FMPC. '
National Lead All Over 200,000 documents gathered by NLO, Inc. for
Company of Ohio, Inc., litigation purposes. Using a computer database file of
Cincinnafi. . document titles, RAC has requested and received
hundreds of documents from this source.
DOE Oak Ridge 1970s DOE Oak Ridge Records Retention Center has
Operations (ORO) and and documents grouped by shipment number.--
Office of Scientific and 1980s Environmental Division records checked. Some
Technical Information classified documents reviewed; requested
(OSTD), Oak Ridge, declassification. OSTI has a computer listing of all
TN. FMPC-related documents.
National Archives and 1940s Listing of documents in two shipments from
Record Center, and DOE/ORO reviewed; one shipment of 28 boxes from
Atlanta, GA. 1950s . 1947 to 1954, the other shipment of 84 boxes from
: 1943 to 1964.

Ohio State Health Various Found a few boxes of reports related to FMPC
Department, discharges; follow-up visit showed FMPC information
Columbus, OH. is not easy to locate.

(Continued on next page)
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Table A-1. Sources and Locatxons of Documentatnon for the
‘ Fernald Dosxmetry Reconstruction Project (cont’d)
Source and Location Dates of _ - .

YR LV

of Documents ~ Documents Comments |
U.S. Geological Survey 1951-1985 Reports in early 1950s, 1962, 1968, and 1985 on
(UsGs) - groundwater movement and stormwater collection
onsite.
T, RSO [ : A arongl
-Open scientific |, 1958—present Database systems used to search for FMPC-re]ated
- literature .., .. ;, o Areportsmclude HP QUEST, GRATEFUL MED, and .
o o Toxlme

o - L . "~ . .. v,
PSRN . . . . .H...»

'FMPC Area Resxdents . ‘Various RAC arid CDC have asked for leads in ﬁndmg sources

F’RESH ’i : - of documents '
",»Ofﬁces of Waxte e - Al = Documents related to FMPC - dxscharge hxstory,
Schneider, Bayless & generally the same as those at the NLO, Inc. offices.
: Ches]ey, Cincinnati,- . . . . .. L« S .
OH B T T Y e R )
° GAP (Government 1 1954-1986 'Non-profit organization répresenting FMPC ‘workers’
+" Accountability - interests. " Have " & boxes of documents related to
' Project), Washmgton, A FMPC ' S L
DG T e TR
IEER (Institute for - Al Perforrned release and dose estimates :fo'r Wmte
Energy and " Schneider, Bayless & Chesley; have documents
Environmental related to FMPC operations. ~
Research, Tacoma
Park, MD I e R - R T R
. ‘Umversmes .- . 1960-1990 Reports” b)} nrofessors from Unxversny of. Clncmnatl
- .. . Miami University, Colorado State Umversxty, and
'Umversxty of Rochester . ,

Private Companies * - 1970;1990 PEDCo" Environmental, ~ Cincinnati; - EG&G; L.
e e T o " ‘ Lehman & Associates, Inc.; Roy F. Weston, Inc.; West
...-Chester, PA and others have studied and reported on

the FMPC site and vicinity. . .¢ .

1hede * L LR . T

NLO,INC. B , S

Tmet Tenun - vy

~

Over 200,000 documents pertaining to the FMPC operatlons were gathered by NLO,
~ Inc. for litigation purposes. These documents are stored at the NLO office in Cincinnati, and
.each has been assigned a unique identifying invéntory control number (ICN). For each of
the 200,000 documents, NLO has listed the ICN, the title, the author(s), and the date in a
computer database file. RAC received a computer database file of these documents through
- the Centers for Disease Control and Prevention (CDC) at the beginning of the project in
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1990, and an update to the database in January 1993. We have used the database in several
ways to identify and sort documents that’ pertam to the dose reconstructxon project. Several .
thousand documents have been retrieved and reviewed for their relevance to the project. We
have obtained copxes.of many of these documents for the RAC Document Repository.

OAK RIDGE: DOE ORO and OSTI

The Department of Energy Oak Ridge Operations Office (DOE/ORO) in Oak Ridge,
Tennessee oversees the operations of the Fernald facility, and documents have been sent
from FMPC to DOE/ORO over the years. The DOE/ORO Records Retention Center (RRC)
lists boxes of documents by shipment number only so there is currently no timely or logical
method for searching for FMPC- related documents. Nevertheless, inventory files i in the
RRC were reviewed by year and division in an attempt to locate Fernald related documents.
Environmental Division records were studied more closely than others, Ultimately,
documents from the DOE Records Retention Center in Oak Ridge are sent to the Federal
Archives in Atlanta for permanent storage.

The Office of Scientific and Technical Information (OSTI) is the national center for -
scientific and technical information for DOE. OSTI encompasses not only DOE-originated
. information but also worldwide literature on scientific and technical energy-related matters,
and maintains comput.enzed energy- -information databases that can be accessed through
computer retrieval systems. At OSTI, a computer listing was available for all documents
related to Fernald. These documents were reviewed relative to their usefulness to the
project and important documents were copied.

FMPC-INDEPENIjENT SOURCES

Locating independent sources of documents has been particularly important in verifying
the data and records from the FMPC site. All avenues were explored to find -pertinent
monitoring data on enwronmental releases that may have been gathered by individuals or
organizations not directly involved with FMPC operations. In the following discussion,
examples of this work are cited and referenced. The listing is not comprehensive.

The Ohio State Health Department had some historical records and environmental
monitoring data to substantiate information we had gat,hered prevmusly In addxtlon CDC
has kept the Ohio State Health Department informed of our activities at FMPC for the
Fernald Dosimetry Reconstruction Project..

~ Among the earliest independent studies were those conducted by the U.S. Geological
Survey (USGS). Reports on ground water conditions in the Fernald area were prepared in
the early fifties (Dove & Norris 1951) and sixties (Spieker & Norris 1962, Spieker 1968). The
Ohio Division of Water has also performed hydrologic studies (Dove 1961).

Searches for publications related to the FMPC in the open scientific literature were
performed using the bibliographic computer database systems, HP QUEST, GRATEFUL
MED, and Toxline. The database HP. QUEST includes publications devoted to radiation
protection, while GRATEFUL MED is the National Medical Library search system. Various

Radiological Assessments Corporation
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search criteria and keywords were employed to locate FMPC-related documents, specifically
those from independent sources. A number of useful documents were found in this way.
1+ Over the years of FMPC operation, professors at several universities around the country

“have completed a diversity of projects at FMPC. For example, in the early 1960s, Professor

J. D. Eye, in the Départment of Civil Engmeenng at the University of Cincinnati reviewed
the potential of groundwater pollution at FMPC in several research’ reports (for example:

“'Eye :1961a, 1961b). In 1985, .T. B. Borak from Colorado State University studied the

emission of radon from the K-65 silos’ (Borak 1985). Several pnvate companies have also
prepared various reports on the status of FMPC from the 1970s to the present. In 1976,
1977, and 1985, EG&G completed aerial ‘fadiological surveys of FMPC and surrounding
areas (Feimster 1979; Shipman 1985). In 1988, L. Lehman & Associates, Inc. of Minneapolis

. reviewed literature .pertaining to FMPC, and proposed a mechanism .for groundwater

contamination near FMPC (Lehman and Hansen 1988).

Efforts to find FMPC-related documentation have led to numerous meetmgs and phone
conversations with -knowledgeable individuals,: such as Mr. Van Clay, the ,Assxstant
Attorney General for the State of Ohio, and Professor Roy Eckert of the University of

- Cincinnati. In addition, we talked with former employees and retirees from the FMPC. RAC

has visited the attorneys in the office of Walte, Schneider, Bayless & Chesley in Cincinnati,
who have assembled hundreds of documents for litigation related to the discharge history
and past.practices: of FMPC. Although much of the documentation is similar to that

.~ retrieved from NLCO offices, some documents relevant to the dose reconstruction project

were identified and copied. RN

We also visited the Government Accountablhty Project (GAP) oﬂ' ice in Washmgton, DC -
. on two occasions to review documents which they had obtamed from FMPC personnel, and

from DOE and WMCO through Freedom of Information Act requests. The GAP is a non-

- profit organization with the stated purpose of representing workers’ interests. The five
" boxes of documents related to FMPC were checked for their apphcat:on to this study.

Finally, we met with Arjun Makhijani of the Institute for Energy and Environmental

- - Research, in Takoma Park, Maryland regarding studies on release estimates and radiation
~.doses that they had completed in 1988 .and 1989 (Franke 1988, Makhijani 1988, Makhl_]am

and Franke 1989). They have a large number of documents similar to those found in ofﬁces
of Waite, Schneider, Bayless & Chesley )

. In summary, RAC has determined that there Stl“ exlst a Iarge number of . reports.
production records, and monitoring data related to FMPC operations. Although the record
of operations is more complete for the seventies and eighties, a large number of ana]ytxcal

. data sheets, monthly reports, . letters, memoranda, photographs and drawings have been

located for the fifties and sixties. Original logbooks have been useful; however, not all plant
processes were documented in detail in logbooks.
RAC has gathered thousands of these documents for careful rev;ew in the preparatlon of

__the all project-related task reports. We are malntalmng an ongoing hst of the documents we
" have gathered in the RAC Document Reposrtory Thxs documentatxon process will continue
throughout the entire dose reconstructlon pro;ect with the ﬁnal collection of RAC.

documents stored at CDC.
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ANNEX ATO APPENDIX A

TYPES OF DOCUMENTS IN THE CENTRAL FILE STORAGE AREA
AT THE FEED MATERIAL PRODUCTION CENTER

AL

.- TOPIC """""_BOXNO © , STATUS"

- K. Ross - Fallout, River, - : :
- Grass/Soil, Axr Boundary Sampling 44584 Useful, copy later

Report of chém. analysis-Plant 1- 40618 Not useful; lab data
(1/81 12/87) . o sheets with no report -
= ' ' .._or sample key
Report of Isotopxc analysxs - -
‘all areas (1983) .- 41029 Not useful; raw data
R L ‘ without report or
. sample key
Emergency. prepare. records - ] 45212 Not useful
and correspondence o S 45103 Not useful
o ' ' 46096 Not useful
EN.GINEERIN.G_SEBYI.QES :
Documents from REECO database;
air, water emissions inf.; all 46521 Some Copied - .
“have ICN #-can request through NLO; . 46523 at Central Files; -~ .
total of 12 boxes-looked all 46524 some copied at NLO;

NN

K. Ross Stack Samplmg Newsletter 44584 Not useful
: Mlaml Va]ley Water Quality ‘ a
Committee Correspondence A43540 Not useful
Incident Observation Reports - A23814- - Not useful; daily log
‘ Pt "« of technician. N
Report of Fume Release (50-65) - A17936 - < [ Not useful; small accident
ot e it "5 " reports-no

amounts given; :
Health/Safety narratwe of
accidents

Plant Reports (1961)-"

- occupational. exp. studles P]ants 1-8 - IA17936 Not useful

Plant reports/ Radxatmn and
‘effluent - Jan-Jun monthly -

'+ reports; MH 175 & storm sewer Al17936 o ] 'Copied |
Majm: Incident Inw'estigatfons 34736 Copied
(75-85)

ar.
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Sources of Information
MAINTENANCE , .
Job Orders - 1985 -> A45214 Copied
- 1988-89 A46758 Not useful;
PMS - Work Orders. \ A46752 Not useful; canceled jobs.
Nuclear Materials Mngmnt Reports : . FY62-FYB87: very good mtrl

Physical Inventories/WIP

SS Receiving Log A-Z (1965-75)

NMC Files - Bernie Gessiness
Routine Operating Losses -

By type discard (52-72)

Plant 2 refinery discard (53-77)

Routine Operating Losses (81-82)

ROL's VVB (wet & dry pits)
Discards by plants (64-77)

B-PIDS (Book-Physical Inventory

differences - 7/61-7/62)

Write-off Correspondence

PLANT1 -
SS Material Receiving Report

A41492

A41492

A41492

(A41492

A41492 .

A41492

A41492

rec'd, beg. & ending inven. by
month & yr: 1961 available.

. Inventories & mtrl. balance
dif. (9/77-FY88) with details on
losses & inventory; nuclear mtrl.
production reports for 9/77-FY88.

Examined * -

38577 Has file on Plt 8 loss back to 60's to
80s; efforts to control losses; maps
of all manholes & connections.

A41492 Copied

Copied; process information -
from 1964 to 74; invent./ship. inf.
some early 60’s & 70's, much 1977
information.

Copied; records prior to 1965
destroyed but 1960-63 at NLO all
copied

Copied (52-72)
Copied

Tables I-V in front Copied; others
4 copied

Copied Notes on

Plt. 8 Trailer Cake

Copied; discharge & losses from
Plant 8 in 70's.

Destroyed prior to 65; (1965-75)
Checked- type of mtrls, date rec'd,
shipped, mailed, account #; Many
bandwritten.

Radiological Assessments Corporation
“Setting the standard in environmental health™
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NUCLEAR & SYSTEM SAFETY
Enriched Material Incident

\

Historical Reports (1964-1985)

Production Supplies (1962 -84)
409A-Special Reactor Materials

PERFORMANCE ASSESSMENT
Mike Boback's Misec. Files s

Historical Discharge report
-notes and data re: solubility-
-Tom Borak rep]y to comments
-Letter re: raincaps

-PO for analyses of dust coll.
-Inf. re: Rn meas. near K-65

Histqﬁcal discharge Report(F2)
-Misc. re: 2082 report.
-UO3 gulping operations

Historical discharge Report (F-3)
-Boback review of NLO dbase doc.
-MC&A comments on '2082

FMPC-2082 - Misc. material
-Data on Th & Ra in feed mtrl
-Particle size of U compounds’ .
-Memo Koch to Herman, 17 Apr 1985
particle size distribution - .
dust collector material

' FMPC-2082 Tables 13, 14, 88

Northern Ky - dust collector efficiency

MaJor Emlsswn Stacks" Lol

-Letter to Reafsnyder, 20 Sep 85
data compilation for historical
dose estimates
. -Letter to Spenceley, 16 Jul 85,
data for 15 major emission stacks' -
- <Letter to Reafsnyder, 16 Jul 85,

partial data for major emission. stacks. *::

. -Data sheets of annual composites -
of boundary air dust samples
. 1982-84. :

47225

47225
47225
47225
47225

47225

47225

......

Checked; (4/61 - 8/64) enr. mtrl.
incident reports beginning Apr 61

Checked list of docs-not useful

Offsite at BIS

Checked: Inventory (12/59-6/62)
cost of inven./no wt., no U costs,
has Be, Y some Ra -
Copied (1951 1985)

Copied

Copied
Copied

- Copied .
Copied

Copied

Copied

H
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Epidemiology Study
-Self-absorp. fac/air fltr

NLCO-1093-Re: graphite and
oil incinerator

DOE-ORO Sites Discharge Reports

-Report on historic U releases
from current DOE ORO facility., -
24 Jun 85 C

RADIOLOGICAL SAFETY.
DOE Misc. Correspondence
(6/63-7/79)

DOE Annual Reports 2/5/71 ->

Accounting: Loss of Material
2/8/71 -> 12/80 .

DOE Misc. - Soils 1970-71

Equipment & Mtrl. Pass July 81->

Daily Monitoring Records
(Vehicle) 8/2/82->

Stack sampler flow rate and
stack loss conversion

47225

47225

47225

A43540
A43540

A43540

A43540
A43540
A43540

45539

Copied

Copied

Copied

Copied

. Copied
Copied
Copied
Not useful
Not useful

Copied

BADIQL.QGIQALSAEEIY.(QQSIMEIRIAN]MS.TBHMENIAIIQM

Incident Investigation Reports

Analytical Data Sheets
(1954-68, 1970-86)

37188

Copied most

[There is a box for each year with air and water data: estimated
stack losses for each plant, offsite air dust, misc. file, daily

or weekly water samples for sewage plant, storm sewers, Manhole
175, Miami River at Venice & New Baltimore Bridges, fluoride pit,
Paddy's Run water treatment. Data sheets grouped Jan-Jun, and
Jul-Dec in separate folders for each location.]

Data sheets for 1961

Data Sheets for 1960

" Box No. 17936

0-000-535-291

0-000535-292
0-000-535-290
.0-000-535-290
0-000-535-289

ACopied' Paddy's Run, MH175,

water treat; Fluoride pit, sewage
plant; storm sewer, river copied at
NLO . :
Carbon copies of Box 0-000-535-291
MH 175, Paddy's Run Copied .
Offsite air dust copied

Carbon copies of Box 0-000-535-290

Industrial Hygiene Chronological File - Radiation and Effluent Control (1/58-6/58 only)
Contains miscellaneous memos, letters, reports and monthly reports from the Radiation and
Effluent Control section. Mostly not useful, but all sorts of things are in these files,
occasionally something useful. Only had 1958 in this location.

Radiological Assessments Corporation
“Setting the standard in environmental health”
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Box No. 17936

Chronological File - Engineering and Special Problems Section (1/58-6/58 and 7/58 12/58)
See above comment.

Box No. 17936 ’
Chronological File - Survey Section (1/58- 6/58 and 7/58 12/58)
See above comment.

. . Box No. 17936 . TR
‘Report of Fume Release
Previously reviewed by others, nothing useful found.

Box No. 17936
Investigation of Injury
Nothing useful.

‘Box No. 44584 -
EPA Method 5 Stack Samphng Power Plant and Kel]ey Waste Incmerator K. Ross
Nothing useful on the incinerator. . o

Box No. 44584

Files containing rainfall sampling data - K. Ross

Rainfall measurements and analysis results for radioactivity in the rainfall,
for mid-1960s? Copled some typlcal documents for Kathleen Meyer

oy

Box No. 37188
Drawings of PERMs
Not useful.

Box No. 37188
River sample summaries
Not useful. ' C -4

Box No. 37188 =
Technical Lab and Lab Machine Shop 1954- 1969
Surveys, miscellaneous. Not useful.

Box No. 37188
Miscellaneous Surveys 1964-1968
Not useful.

: t R S S AN T of
Box No. 37188
Plant 2/3
Surveys, miscellaneous. Notuseful.. - . = ....: .. .

Box No. 37188
Pilot Plant RN ‘
Surveys, miscellaneous. Copied 2. - - '

Box No. 37188

Rt

oty

RN

SRR,



)
G

Y )

Appendix A ' Page A-13

Sources of Information

Radiation Exposure Investlgatxons 1964 1965
Not useful.
Plant 9

Box No. 37188
Surveys, miscellaneous. Not useful.

Box No. 37188

Plant 6

Survey results and miscellaneous. Copied one document regarding samples taken during a
chip fire.

Box No. 37188
Incident Investigations 1959-1969

Box No. 37188
Services for Offsite Work to 1961
Survey results and other reports. Not useful

Box No. 37188
Knoxville Iron Company
Reports about work and surveys for Knoxvﬂle Iron. Not useful,

Box No. 37188 ' -

- Plant 8

Contains some documents about the Plant 8 scrubbers. None were copied; believe we
already have copies of same documents .

Box No. 37188
AEC Audits

Not useful.

Box No. 37188
Plant 4 1962-1969
Various survey activities for Plant 4, copied one document. - .

Box No. 37188
Plant 5 Air Dust Surveys

Box No. 37188
Disposals to Waste Pit 1964-1968
Contains information about material sent to the burning pit. None copied at this time.

Box No. 37188
Three reports of exposure studies in Plants 5 and 8 for 1967 and 1968
Not useful.

Box No. 21936
IH & R Monthly Reports 1963

Radiological Assessments Corporation
“Setting the standard in environmental health”
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These are potentlally useful. Monthly progress reports for Survey section, Engineering and
Special Problems section, Radiation'and Effluent Control section, and for IH & R
department. All available copied.

Box No. 21936 '
Stack Loss Reports 1963
Set of stack loss reports for 1963, except does not include December. All copied.

o Eay

Box No. 21936 .
Daily Monitoring Records ’ o
Completed forms for radiation surveys of shipments.

Box No. 21936
Inspection and Service Reports 1963

Records of inspections of radiation detection alarms (RDAs). Not useful. r
Box No. 21936 _ ‘ . :
Radiation Monitoring Records 1963 : ..
Records of surveys of equipment, presumab]y before release Not useful. -
Box No. 21936
Equipment and Material Passes EA
Tags to apply to equipment to show survey results and recommendatrons Not usefu] b
Box No. 21936 s
Miscellaneous Correspondence 1957, 1958, 1959, 1961, 1962, and 1963 -
Various memos, letters, and reports. Found useful K-65 silos survey w1th Rn concentratlon -
measurements .
Box No. 23814 i
Trip Reports for 1964 and 1965
Not useful.
Box No. 23814 S
Reports of Fume Releases - .NLO- H&S—1538 1964 and 1965 .
Records of investigations of fume releases relat.lve to worker protectxon mostly chemncal 5
_some radioactivity releases. Not useful. ’ PR, , -
Box No. 23814 B S
Reports of Injury and Ambulance Service 1964 and 1965 - . -
Not useful. C '
Box No. 23814 -
Report of Plant Fires
; Box No. 23814 .
" Equipment and Matenal Passes D e ]j
Not’ usef’ul o ) N ,tl
BoxNo.23g14 ~ ~ * T bmiswn e | -

Inspection and Service Reports 1964 and 1965
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‘Records of inspections of RDAs and nuclear accident dosimeters. Not useful.

Box No. 23814
Correspondence on Fume and Dust Control Committee 1962 through 1964.
Not useful.

Box No. 23814
Monthly Reports for 1964
Reports for the three sections in IH & R. Copied

Box No. _23814
Daily Monitoring Records 1964
See earlier comment. Not useful.

Box No. 23814
Estimated Stack Loss Reports 1964

Box No. 23814 . ,
Notice of Contamination Source 1959 through 1963
Not useful.

. Box No. 23814

Radiation Monitoring Records 1964 and 1965
See earlier comment.

Box No. 23814

Miscellaneous Correspondence 1962, 1963 1964, 1965 .
Could be useful. Memos, letters, reports from IH & R department. Various pieces were N~
copied.

Box No. 44583
RDA Test Evaluation
This file relates to test evacuations. Not useful.

Box No. 43207

Radiological Safety (Dosimetry and Instrumentatxon)
Historical Radiation Reports 1953-1983

Compilation of radiation exposures to personnel. Not useful.

Box No. 46404
Beta and Gamma Exposure Readings 1959
Film badge records for 1960 and part of 1959. Not useful.

Box No. 37192,... etc. .

Radiological Safety

Radiation Monitoring Record 1961-1962. Contains routine survey records Daily Momtonng
Record, Radiation Monitoring Records (equipment after decon), Reports of Fume Release, .
Inspechon and Service Reports (RDAs), and IH & R form 492 (equipment for disposal).

There are other boxes (not reviewed) with similar files, for various years in the 1960s,
1970s, and 1980s. Not useful.

Radiological Assessments Corporation e’
“Setting the standard in environmental health”
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4

Box No. 45539

Miscellaneous monitoring files for: ERMT Class, Contamination Surveys, Environmental
Rad. Man. Qual. Check, Plant 5, K-65, Tank Farm, D & D Facility, Stack Sampler Flow

- Rates & Stack Loss, Stack - Jan. and March, Stack - April and June, Report of Chemical

Analysis, SRPD Logs, Stack Results 1986, Smears, K-65 Paddy's -Run.
Mostly not useful. The K-65 Paddy's Run files contain records of external gamma radiation

'surveys performed along Paddy's Run Road, at points ¢losest to the K-65 silos. These may

be useful for caleulating gamma doses due to the silos. Copied a representative sample of
these files. D mal . :

Box No. 45539 S

Sample Result Correspondence 1986 - = -

This file not useful. Similar files exist for earlier years - from 1956, which could have useful
information.

Box No. 46573

Miscellaneous routine survey and other routine records for: K-65 Area, Lab HFM Survey,
Laundry, Locker Room, Maint #107, Medical Emergency, Men's Locker Room, N.A.D.
Inspection, Outgoing Vehicles, Paddy's Run Road, P.P. Office, Radon/Thoron Samples, R.S.
Trailer, Respirator Trailer, RIMIA, Rust Building 3045, Radiation Work Permit, RDA, :
Personnel Contamination, RGM #2 Operational Checks, and Radiation Monitoring Record.
Mostly not useful. There was additional data from the Paddy's Run Road gamma survey
program, which could be useful. None copied.

Lol
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ANNEX B TO APPENDIX A
BOXES OF CONTAMINATED DOCUMENTS
FROM
CENTRAL FILES AND LIBRARY AT THE FMPC
EXAMINED BY RAC
e

Radiological Assessments Corporation
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| Daily dust collector check sheets-PIt.9

o

Oct-Dec 69

Nov 57-Dec 58

- Boxes of Contaminated Documents from Central Files and the Library at the FMPC .
Box No. Plant S .. File - Date : Status
- A 36716 . ... |Fire and safety work permlt,s .no date -- - |Rev. by F. Rogers, CDC, 6/2/94; no interest
- Ad44089 .| .. Chemncal analysns reports.: - ., :1984-85 - Reviewed by F.Rogers, CDC, 6/2/94 .
- : {
-B 39374 Plant8 |Work Records-Plt 8. o .+ | Jul 56 - Sep 57 |No- hst. ofpersonnel and job’ assxgnments '
S ‘ Foreman's Log~Ch1p Furnace-PIt. 8 Feb - Oct 1953 AR SR E S
Area Foreman's Notes to Foremen-Plt 8 _|Aug 53 - May 56 Copled Feb Mar Jun dJul, Aug 53
(oper. summary); 30 steno
notebooks plus folders with notes;
o ' some reference to scrubbers
39408 Prod\PIt8 [Work Record-Plt. 8 NLO-PRO-1868 No copies- personnel and
: L : e <. .. | job assignments :. .
g Daily‘duet col. check.-Plt. 8 NLO-PRO-1868 - -| May 68-Sep 68 [Copied few; dc bag confi guratlon for
0 i - .~ - |ea plant; notes on operation or bag failure
- Feb67-Jul67 | - -
; Work Record Pr01ect labor Pool H&S 1015 Feb 62 - Dec 62 |No- list of personnel and job assignments
§ P Dec 67- May 68|.
; Work Record NLO PER'1567-Laundry ' 1963 . ¢ ||No- hst of personnel JOb assrgnments
393756 -Plant 8 Foreman s handwntten nobes-Wet. Area-Plt 8 Jan 57-Nov 57 |No coples. 1953 logs:. Pt gt
: : Py requlres time and eﬁ'ort to read’ all notes.’’
3 Foreman s handwntten notes Dry Area-P]t. 8 May 56 - Oct 57
‘ - Area Foreman's notes to shift foremen -Pit. 8 May 56- Sep 57
39379 Plant 8 Work Record-H&S 1015-Plt. 8 Oct 57 - Jun 59 {No copies- list of personnel
: ' ' and job assignments’
Handwritten shift foreman's log/notes-Plt. 8 | Oct §57-Dec 58 co :
39403 Plt. 5,6, 8 [Work Record-Plt. 8-H&S-1015 - - Sep - Dec 60 |No .
' Work Record-Plt 9-H&S Jan -Dec 60 [No -
Foreman's Log Sheet-PIt. 9 May 69 - Jan 60 = SR
No; separate form with dc and

- |bag configuration for each plant;

* |notes on operatlon or bag fallure _

S3UIBHRIUT) puE sWda, 89IN0S ¢ PUT g SYSEL,
Pafo1q uorpniysucsay A1jauwisoq pleudag ayy,

. |Daily duist collector check sheets-PIt.8 S e
" |Daily dust collector check sheetsPIt.8 =~ ~ "{Qct55-Mays6f - " — ~—~ "
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Box No. Plant File Date Status
39403 Plt. 5,6,8 |Daily dust collector check sheets-Pit.5 Jan - Dec 62 " ‘ "
Pit.7 . |Plant 7 notebooks: Vaporizer; Refrigeration; | Dec 55- May 56 |No .
Plant 7 notebooks: Leaderman's Log Mar - May 56 |Copied; small binder with norm & depl
. : quantities -on shift by shift basis;
- may be useful for Pt 7 production.
A 46876 | Pilot /Plt. 7 [Misc. records & correspondence 1951 - 1968 |Copied: loss of materials; dc bags &
' : : filter types; enr. UF4 prod. Aug56-Apr 57;
dc loading & efficiency tests;
o : fume release in 1955.
39342 Plant 2&3 |Leaderman's Log-Extraction Area-Ore Ref. JandJunb7 |No
Shift Foreman's Log -Plt 3-Recovery Jandun b7 |No
Shift Foreman'’s Log-Ore Ref.- Denitration Jan-Jun 57 |Copied-"gulping” operations-3 shifts/day
-|Operator's Shift Log-Ore Ref.-Denitration dJul-Dec 57 {Copied-"gulping” operations-3 shifts/day
"|Work Record & Shift Foreman's Jul-Dec 57 |No '
Log-PRO-664 - '
Shift Log-Denitration Area , Aug-Oct 57 |Copied-"gulping” operations log -3 shifts/day
Shift Foreman's:'Log Recovery Area-Ore Ref. Nov, Dec 57 |[No ‘
: . Denitration Operators Shift Log Jan-Dec §7 |Copied Apr to Sep -"gulping” operations
39346 Plant 2&3 |Shift Foreman's Log-Denit. Operators Log | Jun 568-Mar 59 |Copied-"gulping” operations-3 shifts/day
"On-stream Factor Report" Jun 58-Mar 69 |Copied-summary of all operational logs:
_— . ~Ishift foreman's extraction, dinitration, sump
- : . |technician's log, nitric acid recovery
39345 Plant 2&3 |Sump Technician's Log-PR0O-1039-Ore Ref. Jan-Dec 58 |Copied-Daily discharges to general
sump &MH 175 :
Shift Foreman's Log-Denit. & Recovery Area dJul-Nov 58 |Copied-"gulping” operations- 3 shifts per day
' Operators Shift Log-Denit. Area-PRO-1175 Jul-Dec 58 [Copied-"gulping” operations log-3 shifts/day
A480689 Hydrolysis UNO3 test log 903 1955-56; 1955-61 No; reviewed by F. Rogers, CDC, 6/2/94
1 U techniques ' )
A 47394 _|Chemical analysis cards, water 1989 No; reviewed by F. Rogers, CDC, 6/2/94
A48700 | Notebooks {Log book 2853, gulping amounts 1975-76 Reviewed by F. Rogers, CDC, 6/2/94
- R " |7 day/shift 1975-76 : ' '
Log book 2855; gulping oper. 1975-76 1975-76

uoljeurdoyuy Jo se24NoS

(
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" [Reviewed by Felix Roggréi,} 6/2/94
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Status

Date

Box No,|{ ' Plant T . File *. .
A48686 | Notebooks: 625 Metallurgy Dept cost companson ' Lo
- | handwritten |PP & Plt.'4 prodicts; 30x and 500 x photos. 1954-565
from library {627: Solvent extra¢ U nitrate;purification s
of thorium in cellulose column, 1953 - 55 .
692: Development of moving bed reac UF4 | . Oct-Nov 54
6'99:~ U metal quality; photos of slugs 100x 1954 - 59 .
700: Pilot Plant-- Furnace operation - - . 1954 -|No; nothing on releases
705: Plant 4, UO3 processing 1954 - 55
708: Salt heat treating of U; diff. therm, anal 1954 =57 .-
3087:: Pilot Plt operations & procedures 1978 No; nothing on releases
-~ |3088:. Pilot Plt operations & procedures 1978- 179 No; nothing on releases
A48696 Notebobks: 3100: Refinery; boil down operations 1981 - 82 No copies
handwritten |3102: Supervisor's instructions, refinery 1981 -85 No copies
from library {3099: Ray Bauer's notebook; mold specs. -1978-84  |No copies
- . . |3105: Pilot Plt-procedures and operations 1979 No; nothing on releases
; } . |3108: Pilot Plt-procedures and operations ¢ 1979 No; nothing on releases
. ., |3109: Pilot Plt-procedures and operations ¢ 1979 No; nothing on releases
: - . |3113: Pilot Plt-procedures and operations 1979 - [No; nothing on releases
: S 3118: Pilot Plt-procedures and operations 1979 No; nothing on releases
3117: Plant l-operations & daily log 1979 - 80 No copies
3119: Plant4 1979 No; nothing on releases
3120; Plant 4-operations & procedures 1979-80 No; nothing on releases
3105: Pilot Plt-operations - Jdan-Apr 79 |[No; nothing on releases
3108: Pilot Plt-shift & activities log Apr-79 .. |No; nothing on releases
3109: Pilot Plt-shift & activities log ‘May-79 No; nothing on releases
3118: Plant 4-shiftlog. " Nov-79 - |No; nothing on releases
A42673 | - Plant6 . |Environmental Safety & Health-MC&A dally , T
production reports-Plant 6 1 1974-84  |No copies
B39213 Daily time sheets - : 19598 No; reviewed by F. Rogers CDC, 6/2/94
54200 Purchase Orders . 1985 No; reviewed by F. Rogers, CDC, 6/2/94
39219 | Metals area |Shift Foreman's Daxly Log Sheets-P]t 9. Oct - Dec 58 No copies
' -~ |- 2nd and 3rd shifts. - - Apr59-Aug60 [* . -
- Foreman 8 Dmly Log-PRO 909-Plt 6 Jun 59-May 60
c,=3:' I P G Kty P IR i
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Box No.| - Plant File Date: Status
39219 | Metals area |Daily time sheets-PRO 909-Plt. 9 Apr 59-Jun 60
B 39341} Plant2/3 |Foreman's Log-Ore Refinery :
Foreman's Log-Denit /Acid Recovery Jan-Dec 56 |Detailed shift logs for "gulping” operations;
Digestion/Extraction Logs 1956 No .

A48688 2543 Metallurgical Dept. handwritten lab books 1968-70

2464 ’ " ' 1968-69

2526 : . " 1968-69

433 Maurice Atwell 1953-1957

2427 Metallurgical Dept. handwritten lab books 1967-68

2455 " 1967-170

2485 " 1967-69

2364 " 1966-68

2322 " 1965

2249 . " 1965-66

2246 " 1965-66

2250 " 1965-67

2254 " 1965-69

2253 . " 1966-68

2266 Handwritten carbide tool development 1966-67

2333 Metallurgical Dept. handwritten lab books 1965-78

2271 Metallurgical Dept. handwritten lab books 1964-77

2284 Project log- extraction 1964-66

2499 R.C. Kispert 1967

2626 1968-69

2344 . |Plant 2/3 denitration log (# pots gulped) May-Sep 1973 {copied

2279 C.W. Huntington a 1964-66

2284  [Thorium extraction test log-Kispert 1964-66

2333 SS Material weight log 1966-78

2271 SF materials shipping log 1964-77
B39240 Plant 2/3 {Foreman's daily log sheets dan 659-Sep 60 jcopied
A48691 1936 General sump log for 1963 1963 copied

* 3335 Operators' shift log for Plt 8; feed/prod. wt. 3/83 to 9/83

¢

Furnace oper.; drums to furnace; clean out

¢
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" Status
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Box No, Plant -~ Date -
A48691 3345 - Plant. 8 shlﬁ. log, furnace operation 6/83 to 8/83 |Operator's log kiln; R.L. Gardner
3337 |R. L. Gardner, Plt 8; operators log ., 4/83t06/83 | . "
3350 Opeators' shift log; Plant 8 4/83-6/83 N
. 3351 + |P.A. Shanks Chemical production tech. . "
A44040 | - Plant8 - stc '¢hemical analysis;notebooks e
- |uos productlon for Paducah Mar73-May77
_|Lot marking system 1968-70
; Sample log summary 19756-77 ’
Refinery and PIt 8 analysxs e May-Nov 75 [Box furnace product-Plant 8
Plant 8 analys:s trmler cake . 1971 '
UO3 analysis ,. - 1975
Plant 8 oxidation furnace product May-Nov'75
: Plant 8 rotary kiln product " '
' . Analysns of refi inery feeds , " S '
vA46875 | R 7T | Mise, recelpts correspondance . : 1951 1968 “ |Reviewed by F. Rogers, CDC, 6/2/94
A39343 { |Foréman'slogs ~ 0", '], - 1958 . . . [Reviewed by F. Rogers, CDC, 6/2/94
“A427574 l’ Dnsouted welght cards I no date ; Reviewed by F. Rogers, CDC, 6/2/94
A48697 918 i |Lab’ notebook WE Palmer 1+ 1955-57 |
RSN ISP F: B Logbook ' 1955 o
934 . i Logbook 195.5 -56
942 ' |Logbook 1955-56
944  [Logbook . 1955-56
: 956 - Logbook o . 1955.57 -
- > 970 Logbook . 1955-57
973 Ray Baiter's chemxcal lab notebook . 1955-67 , -
974 - |Logbook - 1955-57
979 Logbook - 1956
2087  |Logbook 1963
2901  {Logbook
2903  :|Logbook 1973-74 -
2904  ‘{Logbook . 1973-74
2921  '|Logbook 1973-74
2922 . Calcmer shift 1o - 11974 | - i
e B L LR e 1.3 LA 3 R P :
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Box No. Plant File Date Status
" 2927 Calciner shift log 1975
2928 Plant 9 test logbook 1974-15
2939 1974-78
2979 1975
2978 ‘ 1975-78
B39226 Plts 5,6,9 |Foreman's log sheets Jan-Jun 1962
' Daily time sheets Jan 63-Jun83
B39376 Plant 8  |Shift foreman's log notes and log Oct 57-Dec 58
Work record; H&S; Oct 57-Jun 59
B39351 Pit2/3 " |Work record Jan 57-Dec 68
B393561 Work record; shift foreman's log- 1967 . [Some copied
digestion & extraction '
Operators' shift log all areas-ore refinery 1967 . Copied
Foreman's instructions log-ore refinery May 67-May68
B39344 | Plant2/3 |Work record; shift foreman's log- Jan 58-Dec 59
digestion & extraction :
Operators' shift log all areas-ore refinery Jan §7-Mar 60 |Copied
' : Area foremens' notes; cold weather shutdown| Nov 60-Dec 60
B39340 Plant 2/3 {Foreman's log-ore refinery, digestion, Dec 53-Dec 57 |Some copied
extraction areas
B39351 o ‘ ‘ :
Ad4584 ES&H  [Stack sampling newsletter 1974-78
Exhaust ventilation surveys 1965-67
Fallout, river, grass/soil, air sampling 1960-1969 |{Keith Ross' box; all copied
Correspondance of Keith Ross files ' 1980-85 Copied
River water survey at 15 locations 1960s copied
B39217 Plt. 6 Foremans' daily log sheét.g; mechanical dJun 68-Feb 69
dept. Daily time sheets Jan - Dec 1959
B39343 Plt. 2/3 Work record; shift foremans' log Jan-Dec 1957 {Copied
for refinery, extraction '
‘|Work record; shift foremans' log Dec 56-May 57 {Copied -
for refinery, extraction
Work record: shift foremans' log Jan-Jun 1958 |Copied
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) 32 boxes from Plant 2/3- unnumbered°some mdlcatnons of content wntten on t01
: |Area clock ‘cards- '
- |Pot control records
. |Joborders

~ |Vacatin records

_ |Daily records

Box No.{ -Plant ‘ - File - Date Status
for ref’nery, demtratxon : Dt e :
68000 Purchase orders - ' - 1985 No; reviewed by F.Rogers, CDC, 6/2/94
48693 Misc, lab notebooks-research 1984 " |Reviewed by F. Rogers, CDC, 6/2/94
84400 Purchase orders 1987 Reviewed by F. Rogers, CDC, 6/2/94
39378 'I‘ime ca'rds, assignment sheets . 1955.60  |Reviewed by F. Rogers, CDC, 6/2/94
Boxes outside of Storage room on 3rd ﬂoor of Bldg. 4
40 boxes from Pilot Plant; routine operations :
-1 ~ Pilot Misc. records; 1987 investigation pt; 1987
' of HF release on Sept 29, 1987;
study environs of P P July 3, 1987
"2 - |Foremans' office; minor events; 1986-87
: ' vessel inspections
: Productnon ﬁ]es o - )

3

P]t 2/3

f

Refi nery/extractx'on records.
slag leach data sheets; production

" . |consumption worksheats, Safety. meeting

minutes. plant test authorizations, nucelar

1987,
1987
1987 -

- 1984-87
1984-87

' 1981-1983
1981-1983

- matenal custodlan actmt.xes
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Appendix A’ Page A-25
Sources of Information » -

ANNEX C TO APPENDIX A

RAC DOCUMENT COLLECTION FOR THE
FERNALD DOSIMETRY RECONSTRUCTION PROJECT

The following list identifies the documents that we have located and reviewed for the
Fernald Dosimetry Reconstruction Project. All documents in the RAC Repository are
grouped by topic and kept at a single location. Additional materials are added regularly to
the collection as the project proceeds.

TABLE OF CONTENTS
AERJAL SURVEYS / PHOTOGRAPHS / MAPS ' 27
AIR SAMPLING/BIOASSAY/GUMFILM 27
ANALYTICAL DATA SHEETS / CHEMICAL ANALYSIS 29
Air-Inplant Sampling : 29
Air-Perimeter and Boundary Sampling _ 31
Air—Offsite Sampling 32
Gumfilm and Fallout Trays 33
Milk 34
Plant 2/3 “Gulping” Operations 35
Rainfall ' : ' 35
Soil and Grass 35
Liquid Effluents-Manhole 175 Outfall 36
Storm Sewer 37
Surface Water-Great Miami River : 38
- Surface Water-Paddy’s Run Creek 40
Waste Pits/Sewage and Water Treatment Plant 41
CP.- CONSTRUCTION PROPOSALS : ' 42
COST STATEMENTS - PRODUCTION INVENTORIES ; ' 43
DOSE /PREVIOUS ESTIMATES TO POPULATION eees - 44
‘DUST COLLECTORS AND BAG FILTERS 45
ENGINEERING DRAWINGS N ' 49
Plant 1 Drawings : 49
Plant 2/3 Drawings’ : ' " 49
Plant 4 Drawings fenees S0
Plant 5 Drawings 52
Plant 6 Drawings ' ' 53
Plant 7 Drawings 53
Plant 8 Drawings 54
Plant 9 Drawings : 54
Pilot Plant Drawings . 54
K-65 and Metal Ozxide Silos Drawings.... 55
“Old” Solid Waste Incinerator and Sewage Treatment Arca Drawings 56
. Other Buildings Drawings 57
FMPC General Area Drawings ; teeee 57
Miscellaneous Drawings 58

Radiological Assessments Corporation
“Setting the standard in environmental health”
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ENVIRONMENTAL MONITORING REPORTS 58
FMPC REPORTS ON EMISSIONS and SITE ASSESSMENTS 62
FRESH (Fernald Residents Group) . 64
- GROUNDWATER R, " . w64
GROUND CONT. AMINATION. SN : ' .67
GUMFILM — o 70
INCINERATOR AND BURN PIT PO : 73
.. INDUSTRIAL HYGIENE & RADIATION REPORTS 76
INVENTORY/MATERIAL ACCOUNTABILITY ........... ‘ 87
IT DOCUMENTS 93
. K-65 SILOS AND MATERIALS/RADON - 94
* LIQUID EFFLUENTS AND GREAT MIAMI RIVER ' ' 10re99
' NPDES AND LIQUID EFFLUENT DISCHARGE REPORTS : : N {17
OHIO EPA & AGRICULTURAL REPORTS .............. e 107
OPERATING LOSSES. y . 108
. PARTICLE SIZE........ : - ceeneens 109
~_ PILOT PLANT ‘ ‘ centarens ' -..110
PLANT 2/3: REFINERY eeren : 113
PLANT7. ' ' w114
.. PROCEDURES, STANDARDS AND SOPs 114
... ' OPERATING PROCEDURES: SERIES 3C - - Sops (1957-1961) ..... NN b ¥
'PROCESS DESCRIPTIONS OF PLANTS 2 & 3 - SERIES 3A (1957) earessasnsseneres 118
PRODUCT SPECIFICATIONS/SAMPLING - SERIES 3B (1957-1959)...... . 118
PROCESS DESCRIPTIONS OF PLANT 4 PROCESSES - SERIES 4A  (1956-1961)........... 119
QUALITY CONTROL AND UNCERTAINTIES p— 119
. _. RAINCAPS. J— ' : ' ...120
" RECYCLED FEEDS.. N ~ 1122
SCIENTIFIC BACKGROUND / FERNALD-RELATED... R R VX )
SCRUBBERS .. - : 124
"' SOILS AND SEDIMENTS ... ; *_’ o evsesenaans I
STACK EMISSIONS........ : I : ...130
STACKS - PHYSICAL FEATURES & UNMONITORED : . teeeene 133
STORM SEWER AND PADDY'S RUN s v reovene134
SUMP AND SEWAGE SYSTEM rertanseseensssssses ‘ - weaersenenes 138
- THORIUM S _ 140
... Pilot Plant Thorium Data, 1966-1968 Folder. ... . arancrsssenes 142
., Thorium Gel (Th(OHy)) Preparation 1964-1969 Folder......... : eereenncanennie 142
" Thorium Metal Production Pilot Plant 1969-1971 Folder.: ' . 143
" Thorium Production for Beltis 1971-1976 Folder. Records Rc.cuvz,d From FMPC.....cceueenne 144
Pilot Plant Thorium Extractions 1964- 1980 Folder ceesenaanes ....145
Thorium Processing General Folder, Récords, —— ' . 145
UNUSUAL EVENTS, MAJOR LOSSES OSHA COMPLAINTS : 147
*. URANIUM IN MILK............. , 151

" WASTE PITS/LAND BURIAL oot it it ‘ "
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Sources of Information

AERIAL SURVEYS / PHOTOGRAPHS / MAPS
Feimster, E. L., June 1979. An Aerial Radiological Survey of the Area Surrounding The Feed

Materials Production Center, Fernald, Ohio, EGG-1183-1680. EG&G Energy Measurements
Group. Date of survey: August 1976/May-June 1977.

FMPC Series of Aerial Photographs of FMPC Site and Process Buildings in 1954, 1960, 1965,

1987 - 1990.

Ross, K Late 1950. Plan of General Area Property, Incinerator. Drawmg No. 8-4001. (24 x 36
inch map that PGV copied in sections from K. Ross filés in Central files. Includes sampling
locations for gumpaper, fallout, soil and.grass.in late 50s and early 1960s). National Lead
Company of Ohio. ,

Shipman, G. R., October 1985. An Aerial Radiological Survey of the Feed Materials Production
Center and Surrounding Area, Fernald, Ohio, EGG-10282-1084. EG&G Energy
Measurements. Date of Survey, April 1985. . :

Stern, R. J. Comments on Aerial Radxatxoﬁ Survey of the Feed Materials Production Center,
Fernald, Ohio.. Report to W.A. Vaughn regarding the EG&G aerial surv ey of the FMPC.
Department of Energy, Environment, Safety and Health. PE-222. ICN 2144793.

Bipes, R.L. Ventilation Survey of the Paint Spray Booth-Mechanical Shop. Memorandum to
D.E. Diehl. Cincinnati, OH: National Lead Company of Qhio. 19-October 1962.

Blase, E.F. Air dust samples in wet side of pilot plant., 3013. Memorandum to R.C. Heatherton.
Cincinnati, OH: National Lead Company of Ohxo 22 April 1952. )

Blase, E.F. Air dust survey - reversing mill. Memorandum to R.C. Heatherton. Cincinnati, OH:
Nat.xonal Lead Company of Ohlo 26 November 1952,

Boback, M.W. and R.C. Heatherton. 28 September 1964. Recent B:oassay Activities at National
Lead Company of Ohio. NLC0-933. (Summarizes recent nonroutine problems for bioassay
department including use of infrared heating, U in lung and lymph node tissue, U slivers in
hand, radium isotopes from remelt operation, U in fecal samples). Prepared for presentation
at the Tenth Annual Bio-assay and Analytical ‘Chemistry” Conference, Cincinnati, Ohio.
October 8-9, 1964, National Lead Company of Ohio. Health & Safety Routine Reports

Boback, M.W. Procedure for Treatment and Analyéis of Gumpabers.-Letter to Felix Rogers.
Memo No: 94-026. Cincinnati, OH: Fernald Environmental Managment Project. 18 May
1994. '

Dddd, A.O. Monthly Progress Reports. Memorandum to R.H. Starkey. Have 1958: March, April,
May, June, July, August, September, Qct. (Report film badge exposure data, special
external radiation investigations, ground contamination surveys, plant liquid effluent,
outplant air dust and fallout).

Radiological Assessments Corporation
“Setting the standard in environmental health”
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Tasks 2 and 3, & Source Terms and Uncertamtres

Dodd A.O. Annual Report - Radiation and Effluent Control Section. Memorandum to R.H.

Starkey. (2 pages, personnel monitoring ‘data; eﬁluent control, air dust and fallout studies,
~ enriched materials movement coordination, residues surveillance; nothing quantxtatlve)
Cincinnati, OH: National Lead Company of Ohio. 12 February 1958.

. Heatherton, R.C.; M.W.:Boback.-and-J.A:' Quigley. A Continued Program of Analysis for

Uranium in Human and Animal tissues. NLCO-895. (Comparisons are made of uranium

concentrations in tissues of 16 exposed and unexposed persons). Prepared for presentation

“at the Ninth Annual Bioassay and Analytical Chemistry Conference, San Diego, Cahforma
- October 10-11, 1963. National Lead Company of Ohio. 20 September 1963 :

Held, B.J. and E. Chenault. Perimeter Air dust survey. Memorandum to R.C. Heatherton.
(Results of survey on October 30 and 31, 1956 and December 27, 1956 around perimeter.
Clncxnnatx OH Natlonal Lead Company of Ohxo 8 November 1956

[EEIE T

: ;"Kessler, L W Alr Contamlnatlon In Plant 8; Pro_]ect No. P-23000-15, Short Order Completxon

Report for Production Engineering Department N LO/ICN 2225348, .. (Equipment
contributing to high airborne contamination in Plant 8 identified and action taken outlined;
future actmty reported under Pro_]ect P-20000 22) 17 February 1959. ' - :

¢ c'Klem F J Memorandum to R.L. Flschoﬂ' Uramum Fallout Study in AdJacent Vlcxmty of the Qil
Burner and The Incinerator. (Lists concentration range and averages at five locatlons)'

NLO/ICN 2118894 Cmcxnnatx OH Natronal Lead Company of Olno 1 May 1964

g Ross KN and’ FJ Klem Monthly FMPC fallout data using vanety of techmques and Abbe

Observatory rainwater data for 1965. Letter to C.E. Schumann (City .of. Cincinnati).
Cincinnati, OH: National Lead Company of Ohio. 8 February 1966.

Starkey, R. H. Compilation of High Air Dust Exposure Operations. Report toJ. A. ngley, P.G.
. DeFazio & C. R. Chapman Cmcmnatl "OH: National Lead Company ‘of Ohio. (7 pages,
- compxlatxon of air dust exposure operatlons for all plants in excess of 3x MAC and status of

; correctlve actxon) 20 October 1960. . DT . R

B Starkey,R H Comprlatwn of Hzgh AJr Dust Exposure Operatrons Report toJ A ngley,P G.
DeFazio, C. R. Chapman and S. Marshall. '(9 pages, compilation of air dust exposure .

operations for all plants in excess of 3 x MAC, and status of corrective action as of 12/13/62).
Clnclnnatl OH: National Lead Company of Ohno 2 January 1963

. Starkey, R H Compllatxon of H]gh Aar Dust Exposure Operatmns Report to J A Qulgley, P.G.

. DeFazio, C. R. Chapman and 8. Marshall. (8 pages, compilation of air dust exposure
operatlons for all plants in excess of 8 x'MAC, and status of corrective actlon as of 4/18/63).
Cmcmnatx OH: Natxonal Lead Company of Ohlo 24 May 1963

Starkey, R.L. Correlation between two-stage air samphng data and the excretxon of uranium in
urine. For presentation at the American Industrial Hygiene Conference 9 May 1963, and

the health Physics’ Socxety meetlng 11 June 1963 Clncmnatr OH Natlonal Lead Company -

 of Ohio: NLCO-869. 1963. T

123 A '-.f’ :

, watty, B.L. and M.W. Boback. 1970. Rapld Determmatxon ~of Thorium in _Unne by Thermal

Neutron Actwatlon Analysxs Analytlcal Chxmlca Act20 49: 19-24
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Wing, J. F., K. N. Ross and R. G. Wissman,‘ Exposure SLudy of Téchnical Laboratory personnel
to Radioactive Airborne Dust. (Brief summary and discussion of existing air dust levels at
Technical 1ab. Bldg, 10 pages). 30 November 1961.

Wing, J. F. to H. M. Beers. Air Dust Samples From Outsuie Mill, Plant 8, NLO/ICN 2225349,
(Results grossly in excess of MAC), 1 August. 1958.

Wing, J.F. Simultaneous Air Samples and Face Velocity Measurements, Memorandum to E.D.
Leininger, R.G. Wissman and R.L. Ruhe. Cincinnati, OH: National Lead Company of Ohio.
20 January 1965.

ANALYTICAL DATA SHEETS / CHEMICAL ANALYSIS -

Boback, M.W. 22 March 1967. Neptunium in NFS Uranium. Memorandum to J.A. Quigley.
(Analyses for Np in NFS Dresden material, shipment 24 and 30). National Lead Company of
Ohio. ~

Boback, M.W. 17 ‘May 1967. Neptunium in Plant Materials. Memorandum to J.A. Quigley. (4
tables contain results of Np in NFS Dresden uranyl nitrate; attempt to follow particular
batch of Np-contmmng uranium through plant processes). National Lead Company of Ohio.

Gustavson, S.R.. NLO- NBL Assay Compansons on NLO Inventory Samples. Letter to C.H.
Weldon (Tabulation of U assay results on various process samples incl. scrubber acid,
digestor liquor, Q-11). US Atomic Energy Comm:ss:on New York Operations Office. 8
February 1954.

Air-Inplant Sampling

NLO (National Lead Company of Ohio). Analytical data sheet of alpha in air dust and smear
samples taken in Laboratory Building collected 1/9, 1/12, V13, V14, /16, 1/19, 2/5, 3/4, 4/5,
3/9, 3/10, 3/11 3/18, 3/24, 3/26, 3/31, 4/2, 4/3, 4/6, 4/14, 4/17, 4/20, 4/27, 4/28 4/29, 5/1, 5/4,
5/6, 5/1, 5/22, 5/26, 5/21, 6/9, 6/10, 6/15, 6/17, 6/24, /1, 7/13, 7/14, 1/16, 1/17, 7/21, 8/2, 8/1,
8/15, 8/17, 8/20, 9/2, 9/11 10/12, 10/19, 10/26, 11/7, 11/9, 12/15, 12/16/53. From FERMCO
Box 535-279. ancmnatx, OH: National Lead Company of Qhio. 1953.

NLO (National Lead Company of Ohio). Contammahon survey sheet of various rooms in
Laboratory Building collected 8/2, 8/7, 8/10, 8/19, 8/27, 9/4, 9/14, 10/19, 10/26/53. From
FERMCO Box 535-279. Cincinnati, OH: National Lead Company of Ohio. 1953.

NLO (Nat.lonal Lead Company of Ohio). Analytical data sheet of alpha in air dust and smear
samples taken in Laboratory Building collected /11, 2/11, 2/15, 2/16, 3/9, 3/11, 3/15, 4/7,
4/16, 4/26, 4/28, 4/29, 4/30, 5/7, 12/10/54. From FERMCO Box 535-280. Cincinnati, OH:
National Lead Company of Ohio 1954.

NLO (National Lead Company of Ohxo) Analytlcal data sheet of alpha in air dust samples taken
in Health and Safety Service Building collected 2/22, 2/24, 5/12, 5/13, 6/24/55. From
FERMCO Box 535-283. Cincinnati, OH: National Lead Company of Ohio. 1955.

NLO (National Lead Company of Ohio). Analytical data sheet of alpha in air dust samples taken
in Health and Safety Service Building collected 2/2/56. From FERMCO Box 535-283.
Cincinnati, OH: National Lead Company of Ohio. 1956.

Radiological Assessments Corporation
“Setting the standard in environmental health”
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NLO (National Lead Company of Ohio). Analytical data sheets of alpha in wipe samples in
Laboratory Building collected 12, 1/21, 2/28; 3/4, 3/6, 6/117, 6/18, 6/19, 6/21, 6/23, 6/25, 6/26,
©6/27, /1, 112, 3, /5, 1/8, /11, /12, 1/15, /16, 7/18, 7/30, 8/15, 8/19 '9/3, 10/23, 10/24,
10/29, 1V/11, 1113, 12/16/57. From FERMCO Box 535-286. Cincinnati, OH: National Lead
Company of Ohio. 1957.

NLO (Natlonal Lead Company of Ohxo) Analytxcal data sheets of alpha in air dust samples from
-Laboratory Building collected 2/6, 2/11,2/15, 8/3, 3/5, 3/15, 12/18, 12/19, 12/23, 12/24,
12/29/58. From FERMCO Box 535- 287 Cmcmnatl, OH: Natlonal Lead Company of Ohlo
1958 ’

- NLO (Nat.xona] Lead Company of Ohxo) Analytxcal data sheets of alpha in air dust samp]es from

Health and Safety Building collected 1/24, 8/16, 8/17, 9/30, 10/1/58. From FERMCO Box 535-
_ 288. Cincinnati, OH: National Lead Company of Ohio. 1958. A

T

NLO (Natlonal Lead Company of Otiio). Analytlcal data sheet.s of alpha m -air dust samples from

Laboratory Building collected 1713, 2/9, 3/10, 3/11, 6/19, 10/1, 10/9, 10/12 10/13, 10/14, 10/29;
11/6,11/21/59. From FERMCO Box 535-288. Cmcmnah OH: Natlonal Lead Company of
Ohlo 1959. . o ‘ , . .

NLO (Natlonal Lead Company of Ohio). Analyt.lcal data sheets of alpha in air dust samples from
Health and Safety Building collected 1/19, 1/23, 3/31/59. From FERMCO Box 535-288.
Cmcmnatl, OH National Lead Company of Ohio. 1959. . ‘

NLO (Natxonal Lead Company of Ohlo) Analyt.:ca] data sheets of alpha in air dust samples from
machining operations at offsite locations collected in 1959. From FERMCO' Box 535-288.
Cincinnati, OH: National Lead Company of Ohio. 1959. : .

NLO (National Lead Company of Ohio). 'Anaiyt;oa] data sheet of alpha in air dust samples taken
in Health and Safety Building collected 2/2/56. From FERMCO Box 535-283. Cincinnati,
/. OH: National Lead Company of Ohio. 1960. . e

NLO (National Lead Company of Ohio). Analytica]l data sheets of alpha, beta, uranium in air

_dust samples from Laboratory Building collected 11/21, 11/22, 11/30, 12/23/60. From .

FERMCO Box 535-289. Cincinnati, OH: National Lead Company of Ghio. 1960.

NLO (National Lead Company of Ohio). Analytical data sheeta of alpha in air dust samples from
Health & Safety Building collected . 8/19, 9/20/61. From FERMCO Box 535.292. Cincinnati,
OH: National Lead Company of Ohxo 1961 B o ,

NLO (National Lead Company of Ohio). Analytical data sheets ‘of alpha in air 'du'st"samp]es in
Health and Safety Building collected 3/3}10/63 From FERMCO Box 535-293. Cincinnati, OH:
National Lead Company of O}no 1963. . o . .

NLO (National Lead Company of Ohio). Analytical data sheets- of alpha in air dust in
Radiograph facility collected 5/22/63. From FERMCO Box 535- 293 Cincinnati, OH: National
Lead Company of Ohio. 1963. - .," .- . . " . L

NLO (National Lead Company of Ohio). Analytical data sheets of a]pha in air dustin laboratory
machine shop collected 6/20, 6/25/63. From FERMCO Box 535-293. Cincinnati, OH: National
Lead Company of Ohio. 1963.

85
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NLO (Naﬁonal Lead Company of Ohio). ‘Ana]ytxcal data sheets of alpha in air dust in inventory
building collected 12/28/63. From FERMCO Box 535-293. Cmcmnatl OH: National Lead
Company of Ohio. 1963.

NLO (National Lead Company of Ohio). Analytical data sheets of alpha in air dust in
Laboratory. Building collected 11/29, 12/2, 12/3, 12/17, 12/26, 12/28, 12/31/63. From
FERMCO Box 535-293. Cincinnati, OH: National Lead Company of Ohio. 1963.

NLO (National Lead Company of Ohio). Analytical.data shéets of alpha in air dust samples from
Health and Safety Building collected 11/6/64. From FERMCO Box 535-294. Cincinnati, OH:
National Lead Company of Ohio. 1964. '

Air-Perimeter and Boundary Sampling

NLO (National Lead Company of Ohio). Analytical data sheets of alpha in air samples at
various times in 1953, 1954 and 1955. From FERMCO boxes. Cincinnati, OH National Lead
Company of Ohio. 1953 1955.

NLO (National Lead Company of Ohio). Analytical data sheets of alpha in air near onsite
roadways at varioys times in 1955, 1957, 1958, 1960, 1963, 1965, 1966, 1967 and 1968. From
FMPC box 51, 53, 54 and 55. Cincinnati, OH: National Lead Company of Ohio. 1955-1968.

NLO (National Lead Company of Ohio). Analytical data sheets of alpha in air samples at
various times in 1956 and 1957. From FMPC box 54. Cincinnati, OH: National Lead
Company of Ohio. 1956-1957.

NLOQ (National Lead Company of Ohio). An_a]ytléal data sheets of alpha, beta and uranium in air
samples at various times in 1958. From FMPC Box 55. Cincinnati, OH: National Lead
Company of Ohio. 1958.

NLO (National Lead Company of Ohio). Analytical data sheets of alpha, beta and uranium in air.
samples at various times in 1959. Cincinnati, OH: National Lead Company of Qhio. 1959.

' NLO (National Leéd Company of Ohio). Analytical data sheets of alpha, beta and uranium in air

samples at various times in 1960. From FERMCO Box 535-289. Cincinnati, OH: National
Lead Company of Ohio. 1960.

NLO (National Lead Combany of Ohio). Analytical data sheets of alpha, beta and uranium in air
samples at various times in 1961. From FERMCO Box 535-291. Cincinnati, OH: National
Lead Company of Ohio. 1961.

NLO (Nat.xonai Lead Company of Ohio). Analytical data sheets of 'élpha, beta and uranium in air
samples at various times in 1962. From FMPC Box 60. Cincinnati, OH: Natxonal Lead
Company of Ohio. 1962.

NLO (National Lead Company of Ohio). Analytical data sheets of alpha, beta and uranium in air
samples at various times in 1963. From FERMCO Box 535-293. Cincinnati, OH: National
Lead Company of Qhio. 1963.

Radiological Assessments Corporation
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NLO (National Lead Company of Ohio). Analytical data sheets of alpha, beta and uranium in air
~ samples at various times in 1964- 1965 From FERMCO Box 535-294 Cmcmnatx . OH:
Natlona] Lead Company of O}no 1964 1965 T, .

'NLO (National Lead Company 6f Ohio). Analytxca] data sheets of alpha, beta and uranium in air

samples at various times in 1966-1968. From FERMCO Box 37189 Cmcmnah OH:
Natxonal Lead Company of Oh)O 1966- 1968 ' .

- NLO (Natlonal Lead Company of Ohxo) Ana]yhca] data sheets of alpha; beta and uranium in air

- samples at various times in 1969-1971. From FERMCO box. Cmcmnatx OH: Nat.wnal Lead
Company of Ohxo 1969- 1971 S _ .

- NLO (National Lead Company of Ohio). Ana]ytlcal data sheets of alpha ‘beta, uranium and
particulates in air samples at various times in 1972-1974. From FERMCO box. Cincinnati,
OH National Lead Company of Ohio. 1972 1974

NLO (National Lead Company of Ohxo) Analytxca] data sheets of alpha ‘beta,” ‘uranium and
partlculates in,air samples at various times in 1975 1977. From FERMCO box Cmcmnan
' OH: National Lead Company of Ohlo 1975-1977 ,

NLO (National Lead Company of O}no) Ana]ytxcal data sheets of ‘alpha, betd, uranium and
.. particulates in-air-samples at various times in 1978 1979. From FERMCO box Cmcmnatx
_.OH: Natzonal Lead Company of Ohio. 1978 1979 '

NLO (National Lead Company of Ohio). Analytlcal data sheets of aipha, beta, u‘ra.n.ium and

. particulates in air samples at various times in 1980 1981. From FERMCO box. Cincinnati,
OH Natxonal Lead Company of Ohio. 1980 1981 L

NLO (National Lead Company of Ohio). Ana]ytlca] data’sheets of alpha;, beta, uranium and
. particulates in air samples at various times.in 1980-1981. From FERMCO box. Cincinnati,

~ OH: National Lead Company of Ohio. 1982-1983.

NLO (National Lead Company of OhJo) Analytlcal data sheets of alpha beta uramum and
particulates in air samples at various times in 1984 1986. From FERMCO. box. Cmcmnatl
- OH: National Lead Company of O}no 1984, 1986. — .

NLO (National Lead Company of Ohio). Analytlcal data sheets of alpha, beta uranium and
partxcu]ates in air samples at various times in 1980-1981. From FERMCO box Cincinnati,

. OH: National Lead Company of Ohio. 1980- 1981 S

i

NLO (National Lead Company of Ohio). Ana]ytlcalldata.sheets!of alpha" beta, uranium and
particulates in air samples at various times .in 1980-1981. From FERMCO box.-Cincinnati,
OH: National Lead Company of Ohxo 1980-1981.

T vl

Air-Offsite Sampling

* Hinnefeld, S.L. Radiological Survey at Crosby Townshlp School. Memorandum to R.B. Wexdner

NLO/ICN 2139431 Cmcmnatx OH Natxonal Lead Company of Ohxo 7 January 1985

Keys, R.W. Air sample results from Elda Elementary School. Letter to J. Bischoff (Ross Local .

Schools). NLO/ICN 2154841. WMCO:EH(EC):86-0029. Cincinnati, OH: Westinghouse
Materials Company of Ohio. 29 January 1986.
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Keys, R.W. Air sample results 'frbn; Crasby Elémehtafy_Schooi. Letter to E. Frank (Southwest

Local School District). NLO/AICN 2154841. WMCO:EH(EC):86-0174. Cincinnati, OH: -

Westin.ghouse Materials Company of Ohio.'30 May 1986.

Keys, R.W. Air sample results from Croshy Elementary School. Letter to E. Frank (Southwest
Local School District). NLO/ICN 2154511. WMCO:EH(EC):86-0276. Cincinnati, OH:
Westinghouse Materials Company of Ohio. 14 July 1986.

Keys, R.W. Air sample results from Crosby Elementary School. Letter to E. Frank (Southwest
Local School District), NLO/ICN 2154511, WMCO:EH(EC):86-0497. Cincinnati, OH:
Westinghouse Materials Company of Ohio. 24 October 1986.

Keys, R.W. Air sample results from Crosby Elementary School. Letter to E. Frank (Southwest
Local School District), NLO/ACN 2154511, WMCO: EH(EC) 87-0082. Cmcmnatl, OH:
Westmghouse Matenals Company of Ohio. 23 February 1987

NLO (National Lead Company of Ohio). Analytical data sheets of a]pha, beta and uranium in air
samples at various times in 1956, 1957, 1958, -1960-1962. From FMPC Box 53. Cincinnati,
OH: National Lead Compaa_y of Ohio, 1960-1962.

NLO (National Lead Company of Ohio). Analytical data sheets of alpha, beta and uranium in air _

samples at various times in 1963. From FERMCO Box 535-293 Cincinnati, OH: National
Lead Company of Ohio. 1963. -

NLO (National Lead Company of Ohio). Analytical data sheets of alpha, beta and uranium in air
samples at various times in 1964. From FERMCO Box 535-294. Cincinnati, OH: National
Lead Company of Ohio. 1964.

NLO (National Lead Compaay of Ohio). Analytical data sheets of alpha, beta and uranium in air
samples at various times in 1965-.1966. From FERMCO Box 535-294. Cincinnati, OH:
National Lead Company of Ohio. 1965-1966.

NLO (National Lead Company of Ohio). Analytical data sheets of alpha, beta and uranium in air
samples at various times in 1966-1968. From FMPC Box 37189. Cincinnati, OH: Natlonal
Lead Company of Ohio. 1966-1968. .

_ NLO (National Lead Company of Ohio). Analytical data sheets of alpha, beta and uranium in air

samples at various times in 1969-1971. From FMPC Box 34737. Cincinnati, OH: National
Lead Company of Ohio. 1969-1971.

~ NLO (National Lead Company of Ofuio). Analytical data sheeﬁs of alpha, beta, uranium and

particulates in air samples at various times in 1975-1977. From FMPC Box 36858.
Cincinnati, OH: National Lead Company of Ohio. 1975-1977.

NLO (National Lead Company.of Ohio). Analytical data sheets of gross beta total uranium,

spectral analysis in air samples at various times in 1985. From FMPC Box 44925.
Cincinnati, OH: National Lead Company of Ohio. 1985.

Gumfilm and Fallout ’i‘rays

Radiological Assessments Corporation
“Setting the standard in environmental health”
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NLO (National Lead Company of Ohlo) Analytlcal data sheets of alpha in fallout tray samples
o collected 1123, 12/4 12/8/53. Cmcmnatl OH Natlona] Lead Company of Ohio. 1953.

NLO (National Lead Company of Ohio). Analytical data sheets of beta-on gumfi]m coilected 1/30,
2/21, 3/6, 3/22, 4/10, 4/21, 5/23,.5/25, 6/1, 6/19, /9, 8/15, 8/29, 9/17, 9/25, 10/25, 11/21,
*12/26/56. From FERMCO Box 535-290 Cmcmnatl OH National Lead Company of Ohio.
© 1956. o

NLO (National Lead Company of Ohio). Analytical data sheets of beta on gumfilm collected 1/29,
2/21, 3/26, 3/27, 4/9, 4/16, 4/25, 5/4, 5/16, 5/217, 6/27, 1/15, 8/1, 8/13,-8/23, 8/30, 9/6, 9/13, 9/30,
- 10/31, 11/29/57. From FERMCO Box 535-290. Cincinnati, OH Natwnal Lead Company of
Ohlo 1957, .. R Lo B i ;rt‘x.”".’ o L
i \5 .': H
NLO (National Lead Company of Ohio). Analytlca'! data sheets of beta on gumﬁlm co]lected 1/15,
2/24, 3/21, 4/22, 5/12, 5/13, 5/14, 5/15, 5/16, 5/21, 5/23, 5/26, 5/217, 5/28, 5/29, 6/2, 6/3 6/4 6/5,

6/6, 6/19, 7/21, 8/25, 9/24, 10/23, 11/19, 12/16, 12/22/58. From FERMCO Box 535-287. .

Clncmnatx OH: Natxonal Lead Company of Ohlo 1958.

NLO (National Lead Company of Ohio). Ana]ytlca] data sheets of beta on gumﬁlm co]lected 5,
129, 272, 3/2, 411, 4/24, 5/6, 6/9, 719, /10, 8/11, 9/11, 10/12, 11/13, 12/14/59 From FERMCO
Box 535 288 Cmcmnatl OH Natxona] Lead Company of Ohio. 1959. N

" -NLO (Nat1onal Lead ‘Company ‘of Ohxo) Ana]ytlcal data sheets of uranium and beta on gumfilm
for special fallout study collected 3/21-3/28, 4/4-4/11, 4/12-4/18, 4/19-4/25, 4/26- 5/2, 5/3-5/9,

" 5/17-5/28, 5/24-5/30, 5/31-6/6, 6/7-6/13, 6/14-6/20, 6/21-6/27,.6/28-7/4, 7/5 7111, 7/12-7/18;
7/19-7/25, 1126, 8/1, 8/2-8/8; 8/9-8/15, 8/16-8/22, 8/23-8/29, 8/30-9/5, 9/6-9/12, 9/13 9/19, 9/20-

..9/26, 9/27-10/3, 10/4- 10/10 10/11-10/17,. 10/18-10/24, 10/25-10/31, 1V1- 1177, 11/8-11/14,

C11/15-11/21, 11/22-11/28, 11/28~12/5 12/6- 12/12,.12/13-12/19/60. From FERMCO ‘Box 535-
290. Cincinnati, OH: National Lead Company of Ohio. 1963 -

0 Milk

NLO (National Lead Company of O}no) Analytlcal data sheets of uranium, beta ﬂuondes and
" specific gravity of milk samples collected 7/17/59, '8/12, 9/13, 10/6,” 11/19,12/15/65 and

2/15,7/15/, 6/16/66, 8/8/66 from Knollman Farms Cmcmnatl OH Natxonal Lead Company of ‘

Ohxo 1959 1965 1966. PR B .

NLO (Natlonal Lead Company of Ohlo) Analytxcal data sheet of uranium in muskrat kllled near
residue pond east of K-65 area’'on 9/3/59 Cmcmnatl OH: Natxona] Lead Company of Ohio.
1959 REEERS ~' EE

‘w’

G

NLO (National Lead Company of Oth) Ana]ytlcal data sheets of uranium, radmm-226 radmm-
228 and lead-210 in milk samples collected monthly from Knollman and McClanahan
Farms Cincinnati, OH: Natxonal Lead Company of Ohlo 1980 o S

- NLO (National Lead Company of OhJo) Analytlcal data sheets of alpha, beta and uranium in

rain samples from FMPC and Abbe Observatory in Cincinnati at various times in 1961-

1963 From FMPC Box 60 Cmcmnatx OH Natlonal Lead Company of Ohlo 1961 1963

'EAL (Enwronmental Analysis Laboratones) 1980—1984 “Analytxcal results of milk samples
from the FMPC.” Letter to T. Dugan. EAL, Richmond, California.
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Nelson M.S. Activity in milk from cows grazmg on AEC land. Letter dated October 14, 1966 to
C.L. Karl, U.S. Atomic Energy Commission. National Lead Company of Ohio, Cincinnati,
Ohio. 19.66

Nelson M.S. Activity in milk from cows grazing on AEC land. Letter dated December 13, 1966 to
C.L. Karl, U.S. Atomic Energy Commission; National Lead Company of Ohio, Cincinnati,
Ohio. 1966.

Plant 2/3 “Gulpmg Operatxons

NLO (National Lead Company of Ohio). Operat,ors Shift log sheets of Plant 2/3 “gulping”
operations. From Plant 4 contaminated records storage. Cincinnati, OH: National Lead
Company of Ohio. 1957-1959, 1970-1972.

Rainfall
NLO (National Lead Company of Ohio). Analytical data sheets of alpha, beta and uranium in

rain samples from FMPC and Abbe Observatory in-Cincinnati at various times in 1961-
1963. From FMPC Box 60 Cincinnati, OH: National Lead Company of Ohio. 1961-1963.

NLO (National Lead Company of Ohio). Analyhcal dam sheets of alpha, beta and uranium in
rain samples from FMPC and Abbe Observatory in Cincinnati at various times in 1964-
1967. From FMPC Box 37190 and 535 294. Cincinnati, OH: National Lead Company of
Ohio. 1964-1967

Sonl and Grass :

NLO (National Lead Company of Ohxo) Analytical data sheets of uranium, radium or beta in
soil samples from K-65 or clay pit area on 3/17/54, 5/3/55. NLO/ICN 2240530. Cincinnati,
OH: National Lead Company of Ohio. 1954-1955.

NLO (National Lead Company of Ohio). Analytical data sheets of uranium in soil samples from
Plant 5 area on 1V/15, 12/6/60. NLO/ICN 2241624 and 2241631. Cincinnati, OH: National
Lead Company of Ohio. 1960.

NLO (National Lead Company of Ohio). Aﬁalytlcal data sheets of uranium in soil samples for
special study by Professor Eye collected on 7/28-29/60. NLO/ICN 2241637. Cincinnati, OH:
National Lead Company of Qhio. 1960.

NLO (Nat.mnal Lead Company of Ohio). Analytncal data sheets of uranium alpha, beta, and
fluorides in soil and grass samples collected on and offsite 4/7, 4/22, 8/25, 9/11 and 9/24/58.
Cincinnati, OH: National Lead Company of Chio. 1958.

NLO (‘Nat.wnal' LEad Company of Ohio). Analytical déta sheets of uranium alp}ié, beta, and
" fluorides in soil and grass samples collected on and offsite 4/7, 4/22 and 9/11/59. Cincinnati,
- OH: Natxonal Lead Company of Ohio. 1959.

NLO (National Lead _Company of ,Ohxo). Analytical data sheets of uranium a]pha; beta, and.

fluorides in'soil and grass samples collected on and offsite 4/1 and 9/27/63. Cincinnati, OH:
National Lead Company of Ohio. 1963.

Radiological Assessments Corporation
“Setting the standard in environmental health”
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NLO (National Lead Company of Ohlo) Analytlcal data sheets of uranium alpha, beta, and
fluorides in soil and grass . samples collected on and offsite 4/30 and 9/15/64. NLO/ICN
2243768. Cincinnati, OH National Lead Company of Ohio. 1964.

NLO (National Lead Company of Ohio). Analytical data sheets of uranium alpha, beta, and
“fluorides in'soil and grass samples collected on and offsite 4/28 and 9/1/65. Cincinnati, OH:
Natwnal Lead Company of Ohio. 1965. . .

L NLO (National Lead Company of Ohio). Analytical data sheets of uranium alpha, beta, and
. fluorides in soil and grass samples collected on and offsite 5/4 and 8/17/66. Clnclnnah OH:
National Lead Company of Ohio. 1966. o

‘ NLO (National Lead Company of Ohio). Analytlcal data sheets of uranium alpha, beta, and
" fluorides in soil and grass samples collecte‘d on and offsite 4/14 and 8/9/67. Clncmnatl OH:
Natxonal Lead Company of Ohio. 1967.

’I}I_LO (Natlonal Lead Company of Oth) Analytlcal data sheets of uranium alpha, beta, and

" fluorides in soil and grass samples collected on and offsite 4/16, 8/16/68. NLO/ICN 2252101,
Cincinnati, OH Natlonal Lead Company of Ohio. 1968. .

, qumd Effluents-Manhole 175 Outfall

E ."NLO (National ‘Lead Company - of Ohio). i Analytical data sheets of uranium, alpha, beta,

fluorides, nitrates, oil and chlorides 'in-water collected at various times at Manhole 175.
Cmcmnat1 OH Natlonal Lead Company of Olno 1954-1955.

‘ "”.NLO (Namonal Lead Company of Oth) ‘Analytxcal data sheets of uranium, alpha, beta,

fluorides, nitrates, oil, -chlorides and 'total suspended solids in water collected daily at
Manhole 175 in 1956 Cmcmnatx OH: Natlonal Lead Company of Ohio. 1956

N e
: NLO (Nat.lonal Lead Company of O}no) Analytlcal data sheets ‘of uranium, radmm, thorium,
alpha, beta, fluorides, nitrates, oil, chlorides and total suspended solids in water collected
dally at Manhole 175 in 1957. Cmcmnatx OH Natlonal Lead Company of Ohlo 1957

‘ NLO (Nat.xonal Lead Company of Oluo) Analyhcal ‘data sheets of uranium;' alpha beta ,

fluorides, nitrates, oil, chlorides and .total suspended solids in water collecbed daily at
Manhole 175 in 1958. Cincinnati, OH: National Lead Company of Ohio. 1958.

NLO (Nahonal Lead Company of Ohio). Analytxcal data sheets of uramum, alpha beta,
fluorides, nitrates, oil, chlorides and total ‘suspended solids in water collected daily at
Manhole 175 in 1959, Cmcmnatx, OH: Natlonal Lead Company of Ohlo 1959. |

_ NLO (National Lead Company of Ohio). ;Analytical data sheets of uranium, alpha, beta,
fluorideés, nitrates, oil, chlorides and ‘total _suspended solids in water collected daily at
Manhole 175 in 1960. Cincinnati, OH: Natlonal Lead Company,of Ohio. 1960. '

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha beta,
" fluorides, mtrates, oil, ‘chlorides and total suspénded solids in water collected daily at
Manhole 175 in 1961. Cmcmnatl OH Nahonal Lead Company of Ohio. 1961.
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i

NLO (National Lead Company of Ohxo) Analytical data sheets of uranium, alpha beta,
"fluorides, nitrates, oil, chlorides and total suspended sohds in water collected daily at
Manhole 175 in 1962. Cmcmnatx OH: National Lead Company of Ohio, 1962.

NLO (National Lead Company of Ohlo) Analytlcal data sheets of uranium, total suspended
solids and volume of effluent pumped daily from general sump to MH 175. Cincinnati, OH:
National Lead Company of Ohio. 1959, 1964, 1965, 1967, Jun-Dec 1970, 1971, 1979.

NLO (National Lead Company of Ohio). Analytical data sheets of radium-228 in MH 175 and Pit
5 water at various times in- 1969- 1970. Cincinnati, OH: National Lead Company of Ohio.
1969-1970.

" NLO (National Léad Company of Ohio). Analytical data sheets of radium 226 and 228 in MH

175 water at various times in 1969-1974. Cincinnati; OH: National Lead Company of Ohio.
1969-1974.

.NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,

fluorides, nitrates, oil, chlorides and total suspended solids in water collected dmly at
Manhole 175. Cincinnati, OH: National Lead Company of Ohio. 1970-

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, oil, chlorides and total suspended solids in water collected daily at
Manbhole 175. Cincinnati, OH: National Lead Company of Ohio. 1971

NLO (National Lead Combany of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, oil, chlorides and total suspended solids in water collected daily at
Manho]e 175 Cincinnati, OH: National Lead Company of Ohio. 1972

NLO (National Lead Company of Ohio). Analytlcal data sheets of uranium, alpha, beta,
fluorides, nitrates, oil, chlorides and total suspended solids in water collected daily at
Manhole 175. Cincinnati, OH: National Lead Company of Ohio. 1973

NLO (National Lead Company of Ohio). Analyhcol data sheets of uranium, alpha, beta,
fluorides, nitrates, oil, chlorides and total suspended .solids in water collected daJIy at
Manhole 175. Cincinnati, OH: National Lead Company of Ohio. 1974. :

Storm Sewer

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, fluorides,
nitrates, oil, pH and total dissolved solids in water collected weekly in 1954 in’ storm sewer
and catch basins. Cincinnati, OH: National Lead Company of Ohio. June-October 1954.

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, fluorides, nitrates,
oil and pH in 24-hr composite water samples collected semi-weekly in 1955 in storm sewer.
Cincinnati, OH: National Lead Company of Ohio. 1955. :

. NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, fluorides,

nitrates, chlorides, oil, pH and total dissolved solids in 24-hr composite water samples
collected daily in 1956 at storm sewer lift station. Cincinnati, OH: National Lead Company
of Ohio. 1956

Radiological Assessments Corporation
“Setting the standard in environmental health”™
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'NLO (National ‘Lead Company of Ohlo) Analytxcal data sheets of uranium in stack sample
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NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, fluorides,
" nitrates, chlorides, oil, pH and tota] dxsso]ved sohds in 24-hr composxte water samples
collected daily in 1957 at storm sewer lift'station. Cincinnati, OH: National Lead Company
OthIO 1957 . o .

NLO (Natlonal Lead Company of Oth) Ana]yt:ca] data sheets of uramum alpha, fluorides,

" nitrates, chlorides, ‘oil, pH and total dlssolved solids in 24:hr composite water samples
collected daily in 1959 at storm sewer lift station. From FERMCO Box 535- 288 Cincinnati,
OH Natlonal Lead Company of tho 1959 .

; NLO (Nat.lonal ‘Lead Company of Ohxo) Analytxcal data sheets of uranium, a]pha, ﬂuondes

mtrates ‘chlorides, oil, pH and total dissolved solids in water collected daily in 1960 at storm
sewer hft st.at.lon Cmcmnatl OH: National Lead Company of Ohio. August 1960.

B NLO (Nat.xonal Lead Company of Ohlo) Analytxcal data sheets of uramum, a]pha, ﬂuondes,

" nitrates, oil, pH and total d:sso]ved sohds in water collected daily in' 1961 at storm sewer lift
station. From FERMCO Box 535 293 Cmcmnah OH Natlonal Lead Company of Ohlo
1961.

NLO (Natlonal Lead Company of O}no) Analytlcal data-sheets of i uramum, a]pha, ﬂuondes,
_nitrates, oil, pH and total dissolved sohds in water collected daily in 1962 at storm'sewer lift
station. From FERMCO Box’ 535-293 Cmcmnatl OH: Natlonal Lead Company of Ohio.
9%2.

| NLO (Natlonal Lead Company of Ohlo) Analyhcal data sheets of uramum, ﬂuondes, nitrates,

chlondes, oil, pH and total suspended ‘solids in 24-hr composite water samples collected
‘monthly in 1965 at storm sewer lift statlon From FERMCO Box 535-293 Cmcmnatx OH:
National Lead Company of Ohio. 1965. ~ ~°

o NLO (Natlona] Lead Company of Oh)o) Ana]ytlca] data sheets of uranjum, a]pha, ﬂuondes,

. .nitrates, oil, pH-‘and total dissolved solids in water collected daily in 1966 at storm sewer lift
“station. From FERMCO Box 535- 293 Cmcmnatl "OH: Nahona] Lead Company of Ohio.
1966.

RETTSS L . . oL ’ ("r, i

" collected from Plant 4, 5, 8, 9in 1958 from FERMCO Box 535~287 Cmcmnah OH:
National Lead Company of Ohxo 1958, " -

. “..NLO (Natio'nal‘Lead Company of Ohlo) Analyt.lcal data sheets of uranjum’in’ stack samp]e

collected from Plant 4, 5,8, 9 .in 1959 From FERMCO Box 535 288. Cmcmnatx OH:
Natxonal Lead Company of O}no 1959

Surface Water-Great Miami River
NLO ‘(National Lead Company of Ohio). Analytical data sheets ‘of uranium, alpha, fluorides,
: nitrates and pH in water collected daily and weekly upstream and downstream of discharge
" point in Great Miami River and Paddy’s Run. From Central Flles Clncmnatx, OH National
Lead Company of Ohio."1955. . TNLyas el Lo il

NLO (National Lead Company of: Ohio).; Analytical data sheets.of uranium, alpha, beta,
" fluorides, 'nitrates, pH ‘and total dissolved solids in water.collected daily and weekly
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upstream 'and downstream of discharge point in Great Miami River. From Central Files.
Cincinnati, OH: Natlonal Lead Company of Ohio. 1956-58.

NLO (Natlona] Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, pH and total dissolved solids in water collected daily and weekly
upstream and downstream of discharge point in Great Miami River. From Central Files.
Cincinnati, OH: National Lead Company of Ohio. 1959.

NLO (National Lead Company of Ohio). Analytxcal' data 'sheets’ of uranium, alpha, beta,
fluorides, nitrates, chlorides, pH and total dissolved solids in water collected weekly
upstream and downstream of discharge point in Great Miami River. From Central Files.
Cincinnati, OH: National Lead Company of Ohlo 1960. :

NLO (National Lead Company of Ohio). Ana]ytxcal data sheets of uranium, a]pha, beta,
fluorides, nitrates, chlorides, pH and total dissolved~ sohds in water collected” weekly
upstream and downstream of dxscharge point in Great Miami River. From Central Files.
Cincinnati, OH: National Lead Company of Ohio. 1961. .

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, chlorides, pH and total dissolved solids in water collected weekly
upstream and downstream of discharge paint in Great Miami River. From Central Files.
Cincinnati, OH: National Lead Company of Ohio. 1962.

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, chlorides, pH and total dlssolved solids in water collected weekly
upstream and downstream of discharge point in Great Miami River. From Central Files.
Cincinnati, OH: National Lead Company of Ohio. 1963, 1965.

NLO (National Lead Company of Ohio). River survey- analytical data sheets of uranium, alpha,
beta, fluorides, nitrates and chlorides in .water collected semi-annually from 100 km
upstream to the Ohio River downstream of the FMPC in Great Miami River. From Central
Files. Cincinnati, OH: National Lead Company of Ohio. 1963-1967.

NLO (National Lead Company of -Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, chlorides, pH and total dissolved solids in water collected weekly
upstream and downstream of discharge point in Great Miami River. From Central Files.
Cincinnati, OH: National Lead Company of Qhio. 1966-19617.

. NLO (National Lead Company of Ohio). Analytical data sheets of uranium, a]pha. beta,

fluorides, nitrates, chlorides, pH and total dissolved solids in water collected weekly and Ra-
226, Ra-228, collected periodically upstream and downstream of discharge point in Great
Miami vaer From Central Files Cincinnati, OH: National Lead Company of Ohio. 1970-
1971. '

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, chlorides, pH and total dissolved.solids in water collected weekly
upstream and downstream of discharge point in Great Miami River. From: Central Files
" Cincinnati, OH: National Lead Company of Ohio. 1972-1974.

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta, Ra-226,

Ra-228, fluorides, nitrates, chlorides, pH and total dissolved solids in water collected weekly

Radiological Assessments Corporation
“Setting the standard in environmental health”
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upstream and downstream of discharge point. in Great Mlaml River. From Central Files
Cincinnati, OH: National Lead Company of Ohxo 1978 ‘

NLO (National Lead Company of Ohio). Analytxcal data sheets of uranium, alpha, beta,
fluondes, nitrates, 'chlorides, pH and total dlSSO]VGd solids in*water’ col]ect,ed weekly
"upstream-arid downstream of discharge point in Great Miami River. From Central Files
'Cincinnati, OH: National Lead Company of O}uo 1976 A

NLO (National Lead Company of Ohio). Handwntten summaries of concentratlons of uranjum,

" alpha, beta, fluorides, nitrates, chlorides, pH' and -total dissolved solids in  water’ collected
) weekly upstream and downstream of dlscharge pomt in Great anml Rlver 1979-1985.

Cegam

Surface Water-Paddy’s Run Creek
Godsey, G.L. Summary of Paddy’s Run Analysns Data 1975- 79 Memorandum to M.W. Boback
15 August’ 1980 . - , ‘

' NLO (Natlonal Lead 'Company of Ohio).v:zkna]ytliveal data sheets of 'i'aldium-, nitrates, some
uranium, fluorides water samples collected from Paddy’s Run in December 1953 and
January-March 1954, Cincinnati, OH National Lead Company of Ohio. 1953-1954.

) NLO (Nat.xonal Lead Company of Ohlo) Analytncal data sheets of uranium, ﬂuondes, nitrates, '

6il and pH in 24-hr composite water samples collected from Paddy’s Run in 1955. From
Central Files. Cincinnati, OH National Lead Company of Ohio. 1955

L NLO (Natxona] Lead Company of Ohio). Analytlca] dat.a sheets of uranijum, ﬂuondes, mtrat,es,
oil and pH'in 24-hr composite water samples’ collected from Paddy’s Run above and below

outfall ditch in 1956. From Central Files. Cincinnati, OH: National Lead Company of Ohio. .

1956

L NLO (Natlonal Lead Company of Ohxo) Analyt.lca'l data sheets of uramum, radxum a]pha, beta,

~ -, fluorides, nitrates in 3-day composite . water samples collected from Paddy’s Run above and
below outfall ditch in 1957. From Central Flles Cincinnati, OH: National Lead Company of
Ohio. 1957.

NLO (Natxonal Lead Company of Ohio). Analyt:cal data sheets of. uranium, alpha, beta, ".
. fluorides, nitrates.and pH in 3-day composite water samples collected from Paddy’'s Run

above and below outfall ditch in 1958. From Central Files. Cmcmnat.l OH: National Lead
" Company of Ohio. 1958.

NLO (Natlonal Lead Company of Oluo) Analytlcal data sheets of uramum, radxum, alpha, beta,

_ fluorides; nitrates in 3-day composite water samples collected from Paddy’s Run above and
below outfall ditch in 1959. From FERMCO Box 535-288. Clncmnatx OH: National Lead
Company of Ohio. 1959. _

NLO (Natxonal Lead Company of Ohxo) Analytxca] data sheets of uramum, a]pha, beta,
fluorides and nitrates in water samples collected from Paddy’s Run and storm sewer outfall
at weir pump in 1959 and 1960. From FERMCO Box 535 288 Cmcmnatl OH Natlonal
Lead Company of Ohxo 1959 1960 Lo

"NLO (Nahonal Lead Company of Ohlo) Analytlcal "data sheets of uranium,’ alpha, beta,

fluorides, ch]ondes, radium and nitrates in ‘3- day composite waber samples collected from

&
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Paddy’s Run north of Route 126 and at New Haven Bridge in 196_0.'From Central Files.

Cincinnati, OH: National Lead Company of Ohio. 1960.

NLO (Natxonal Lead Company  of Ohio). Analyhcal data sheets of uranium, alpha, beta,

fluorides, chlorides, radium, and nitrates in 3-day composite water samples collected from
Paddy’s Run north of Route 126 and at New Haven Bridge in 1961. From Central Files.
Cincinnati, OH: National Lead Company of Ohio. 1961.

NLO (National Lead Company‘of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, chlorides, radium and nitrates in 3-day composite water samples collected from
Paddy’s Run north of Route 126 and at New Haven Bridge in 1962. From Central Files.
Cincinnati, OH: National Lead Company of Qhio. 1962.

NLO (National Lead Company of Ohio). Analytical data:sheets of .uranium, alpha, beta,

fluorides, chlorides, radium and nitrates in 3-day composite water samples collected from
Paddy’s Run north of Route 126 and at New Haven Bridge in 1963 From Central Files.
Cincinnati, OH: National Lead Company of Ohio. 1963.

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta, -

fluorides, chlorides, radium and nitrates in 3-day composite water samples collected from
Paddy’s Run north of Route 126 and at New Haven Bridge in 1964. From Central Files.
Cincinnati, OH: National Lead Company of Ohio.'1964.

NLO (National Lead Company of .Ohio). Analytica_l data sheets of uranium, alpha, beta,
fluorides, chlorides, radium and nitrates in 3-day composite water samples collected from

Paddy’s Run north of Route 126 and at New Haven Bridge. From Central Files. Cincinnati, -

OH: National Lead Company of Ohio. 1965-1966.

NLO (National Lead Company of Ohio). Analyt\cal,dat.a sheets of uranium, alpha, beta,
fluorides, chlorides, radium and nitrates in 3-day composite water samples collected from
" Paddy’s Run north of Route 126 and at New Haven Bridge in 1967. From Central Files.
Cmcmnatl OH: National Lead Company of Ohio. 1967.

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, chloridés, radium and-nitrates in 3-day composite water samples collected from
Paddy’s Run north of Route 126 and at New Haven Bridge in 1971. From Central Files.
Cincinnati, OH: National Lead Company of Ohio. 1971.

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, chlorides, radium and nitrates in 3-day composite water samples collected from
Paddy’s Run north of Route 126 and at New Haven Bridge. From Central Files. Cincinnati,
OH: National Lead Company of Ohio. 1972-1973.

NLO (National Lead Company of Ohio). Handwritten summaries of Paddy’s Run analy51s data
1980-82. 1982

Waste Pits/Sewage and Water Treatment Plant

NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, chlorides and total suspended solids in water collected in waste pit #3 in
1961. From FERMCO Box 535-288. Cincinnati, OH: National Lead Company of Ohio. 1961.

Radiological Assessments Corporation
“Setting the standard in environmental health”
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NLO (National Lead Company of Ohio). Analytical data sheets of uranium, alpha, beta,
fluorides, nitrates, chlorides and total suspended solids in water collected in waste pit #3 in
. 1962. From FERMCO Box 535- 288 Cmcmnatx, OH: Natlonal Lead Company of Ohxo '1962.
NLO (Natlonal Lead Company of Ohro) Analytlcal data sheets of ‘uranium,’ alpha, beta,
fluorides, nitrates, chlorides, oil and total suspended solids in 24-hr composite water
samples co]lected in sewage plant in 1961. From Central Files. Cincinnati, OH Nat)ona],
Lead Company of Ohro 1961. : : :

NLO (Natxonal Lead Company of Oh:o) Monthly ‘summaries from water treatment p]ant of
chemical composition, volume, total uranium ‘to:sewage plant, number of dumpsters to .
incinerator and total volume and uranium in storm, sanitary and process effluent flow to o
_ river. From Centra] Files. Cmcmnatr, OH Natxonal Lead Company of Ohio. 1965 1968

NLO (Natlona] Lead Company of Ohro) Analytrca] data sheets of uranium in 24-hr composxte
water samples collected daily in'1969 from pit 5.- From Central Files. Cmcmnatl OH:
National Lead Company of Ohio.. 1969. - .

NLO (Natxonal Lead Company of - Oh:o) Analytlcal data sneets\ of radrtxm in water samples
collected biweekly in from pit 5. From Central Flles Clncrnnatl OH Natlonal Lead
Companyothlo 1972 ST e .. . G

N
5.!4“‘; . . '

. CP-F-54 71. Lift Station in Storm Sewerage System. (Filed in Storm Sewer sectxon) Cmclnnatr
~ OH: National Lead Company of Ohio. 15 June 1954 Col SN

CP-F-56-24 Rev 1 ‘New scrap pxt (Flled in Waste plt section). Approved by A. Stewart P.G.
DeFazio and G.W. Wunder Cincinnati, OH: Natwnal Lead Company of Ohlo 13 November
| 1956. S _ R

% CP-F-57-72. 'Back'-T-Jp Fllters 'for Hoﬁmad ‘Vacaum Cleaners - Plant .. ‘ Approved by C.R.
Chapman, P.G. DeFazio, JH. Noyes. Cincinnati, OH: National Lead Company of Ohio. 10
March 1959. . .

g
My

CP-59-21 Floor Sump quuor Process Tanks and P)pmg Plant 8 Proyect Proposal Contract .
" No. AT (30-1)-1156. NLO/ICN 2224990. Approved by C.R. Chapman P. DeFazio, J.H. Noyes
National Lead Company of Ohio. 17 March 1959. _

CP- 59 22 Improvement of Turner-Haws Dust Coltectors Plant 4 (after the- fact) NLO/ICN
2214017. Approved-by C.R. Chapman, P. DeFazro J.H. Noyes. Natlonal ‘Lead Company of
Ohio. 19 January 1960. :

CP-59-28. Dust Collection Facility - Plant 9 Remelt Area. NLO/ICN 2214025 ‘Approved by C.R.
Chapman, P. DeFazio, J.H. Noyes Natxonal Lead Company of O}no 31 March 1959.

CP-59 65. Space Ventilation - Dxmtratxon Area- Plant 3 (After-the-fact) NLO/ICN 2214114.
Authonzed by J H. Noyes (4 pages, concermng installation of 6 wall, and 2 roof exhaust
fans to improve space ventxlatron) Cincinnati, OH: Natlonal Lead Company of Ohio. 29
December 1959.
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CP-59-86. Additional dry residue chemical pit in scrap pit area. Cmcmnatx OH National Lead

Company of Ohio. 26 August 1960.

CP-59-106. Storm Drainage Revisions at the Dlgest:on Area Storage Pad - Plant 2. NLO/ICN
2214215. Approved by C.R. Chapman, P. DeFazio, J.H. Noyes. (Justification based on
insoluble uranium lost to storm sewers and river of 350 lbs/mo; 20% of this from Digestion
Area). Cincinnati, OH: National Lead Company of Ohio. 5January 1960.

CP-60-40, Incinerator - Plant. 8. (Proposed incinerator-type oxidation facility to handle current
plant trash of 16 dumpster and 3 trash trucks per day; large inventory of over 150,000
gallons of contaminated oil and organics already present, with 15,000 1bs. U known to be
contained in oil.). Cincinnati, OH: National Lead Company of Ohio. 25 May 1960.

CP-61-27. Uranium Recovery From Refinery Waste Solvent - Plant 3 (After-the -fact), NLO/ICN
2214475. Approved by C.R. Chapman, P.G. DeFazio, J.H. Noyes Cmcmnatl OH: National
Lead Company of Ohio. 19'December 1961.

CP-62-84. Revxswn of Drainage System - Pilot Plant Warehouse. NLO/ICN 2224878. Approved
by S. Marshall, P.G. DeFazio, J.H. Noyes. Cincinnati, OH: Natxonal Lead Company of Ohio.
15 January 1963.

CP-64-4, CP-64-4 Revision 1. 20 March "1964. Additional Pads and Ground Contamination
Control - Plants 3,5,7 and 9. NLO/ICN 2215096. Approved by P.G. DeFazio and J.H. Noyes.
(Description of ground contamination problem areas). Cincinnati, OH: National Lead
Company of Ohio. 28 January 1964.

CP-64-38. Revisions to UAP Furnace Ventilation Systems--Plant 8. (With 2 attached Idea
Letters dated 16 June 1964 and18 June 1964) Cincinnati, OH: National Lead Company of
Ohio. 23 June 1964.

CP-66-23. Storm Sewer Sampler. (To enable measurement of water flow through storm sewer to
Paddy’s Run Creek from 0 to max stream flow capacity of 67,7000 gpm). Approved by P.G.
DeFazio, C.R. Chapman, J.H. Noyes. Cincinnati, OH: National Lead Company of Ohio. 9
June 1966.

CP-67;9. Drainage at West Driw)eway - Plant 9. (To reduce ground and storm sewer
contamination), Approved by S.F. Audia, P.G. DeFazio, C.R.Chapman, M.S. Nelson.
Cincinnati, OH: National Lead Company of Ohio. 14 February 1967.

CP-69-4. Ventilation Alterations for Oxidation Furnace - Pilot Plant. Approved by S. Marshall,
P.G. DeFazio, C.R. Chapman and J.H. Noyes. Cincinnati, OH: National Lead Company of
- Ohio. 14 February 1969. '

_Cost Statements: Production’ Inventories and SS Material in Reséarch Feed 'Materials

Production Center, National Lead Company of Ohio. (101 pages, monthly conversion costs
charted for all plants for normal U, depleted U, enriched U, thorium, and stockpile; some
quarterly data). Cincinnati, OH: National Lead Company of Ohio. June 1967.

Radiological Assessments Corporation
“Setting the standard in environmental health™
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Tasks 2 and 3, Source Terms and Uncertainties

Cost Statements: Production Inventories and SS Material in Research, Feed Materials
_Production Center, National Lead Company of Ohio. (88 pages, monthly conversion costs
“charted for all plants for normal U, depleted U, enriched U, thorium, and stockprle, some
quarterly data). Cincinnati, OH: National Lead Company of Ohio. June 1968.

Cost Statements: Productlon Inventories, Feed Materials Production Center, National Lead
Company of Ohio. (Monthly conversion costs charted for all plants for normal U, depleted U,
_enriched U, thorium, and.stockpile; some quarterly data) Cmcmnatr OH: Nat:onal Lead
Company of Ohxo June 1969 through June 1978,

Cost Statements: Production Inventories, Feed Materials Productron Center, National Lead
* Company of Ohio. (25 pages, monthly conversion costs charted for orange oxide, green salt,
“* depleted U, enriched U). Cincinnati, OH: Natxonal Lead Company of Ohxo June 1974
through June 1976.

Cost Statements Productlon Inventones, ‘Feed Matenals Productron Center, National Lead
Company of Ohio, Fiscal Year Report. (Conversion costs charted for orange oxide, green salt,
depleted U, enriched U). Cincinnati, OH: National Lead Company of Ohio. September 1976
through September 1983 ' .

Cost Statements 1611 Production Inventones and Fund 4A Cost, Feed Materials Production
Center, National Lead Company of Ohio, (Conversion costs charted for plants in operation;
monthly summary of expenses) Cmcmnatr OH Natlonal Lead Company of Ohlo Sept 1984
throughSept1986 L e U

- . > I
P ST : S . -

- Cost Statements: 1611 Production Inventones and Fund 4A Productron Operatlons Feed.

Materials Production Center, National Lead Company of Ohio, (Conversion costs schedules
'for plants in operation; monthly summary of expenses) Cmcmnatx, OH: Natronal Lead
Company of Ohio. Sept 1987 & Sept 1988.

[ P . . . =
: . et . . hs M . i B A . T . -t
: E ! . ' oy . [

Franke, B. Preliminary Assessment of Radiation Exposures Assocrated.'Mthl"f{eleases of

Radioactive Materials From FMPC --1951 to 1984. Institute for Energy and Envxronmental '

" Research, Takoma Park, Maryland 14 May 1988

Lehman, L. Final Report: Review of Existing Lrterature on FMPC Prepared for Waite,
Schnerder, Bayless and. Chesley L Lehman & Associates, Inc. Burnsvr]le, anesota 13
* July 1988. . , _ Vo .

N
. _, (LN

- Makhijani, A. Release Estrmates of Radioactive and Nonradloactnve Materials to t6he _

Environment by the Feed materials Productlon _Center 1951-195=85. Institute for Energy
“and Envxronmental Research, Takoma Park Maryland 7July 1988 o .

. Makhuam A. and B. Franke. 9 February 1989. Memorandum regarding method used by FMPC

“to calculate scrubber losses Instxtute For Energy ‘and Environmental Research, Takoma
Park, Maryland ' :

';"-j‘-c_. boodes - B

MakhJJam A. and B. Franke Addendum to'the’ Report 'Release ‘Estimates of Radioactive and

Non-radioactive Materials to the Environment by the Feed Materials Production Center
1951-1985. Institute for Energy and Environmental Research, Takoma Park, Maryland.
May 1989.
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Appendix A T : Page A-45
Sources of Information ’

Resnikoff, M. Uranium Releases at Fernald. Radiation Doses to Nearby Residents. Radioactive
Waste Campaign. New York, New York. 24 February 1989.

Adams, W.J. Incident Report Covering the Dust Loss in the Plant 9-NI-1039 Dust Collector.
Memorandum to S.F. Audia. Cincinnati, OH: National Lead Company of Ohio. 14 July 1978.

Audia, S.F. to M.S. Nelrson,'Dustﬁ Collector Performance, (Re: letter Audia to Stewart dated
12/6/55, subject "Estimated Stack Losses for October”). Cincinnati, OH: National Lead
~Company of Ohio. 8 December 1955.

" Audia, S.F. Investigation of Dust Collectors, G4-3 and 7. Assigned to L.W. Kessler, Production

Engmeenng Department-short form completion report. Cincinnati, OH: Nat:onal Lead
Company of Ohio. 8 April 1960

Bipes, R.L L. Test of orlon felt bags, Mikro dust collector G20-20, Pilot Plant. Memorandum to
members of the Fume and dust Control Committee. Cincinnati, OH: National Lead
Company of Ohxo 1 February 1962.

Bipes R.L. Summary of Monthly Stack Losses from Dust Collectors G5-259 and G5-261 - Plant
5. Memorandum to G.R. Harr. (January 1956 through January 1963, 5 pages). Cincinnati,
OH: National Lead Company of Ohio. 21 January 1963,

Bipes, R.L. Filter Bag Speéiﬁéations for Sly Dust Collectors ~ Plant 8. Memora.ndum to W.H.
Doerr. Cincinnati, OH: National Lead Company of Ohio. 20 March 1964.

Bipes, R.L. Dust Collectors G6 .86 and G6-88 Ventilation Survey - Plant 6. Memorandum to
Boies. (Two new 25 HP motors mstalled) Cincinnati, OH: Natxonal Lead Company of Ohio.
15 July 1964. ;

Bipes, R.L. Test of orlon felt béés Mikro dust collecior G20-20, Pilot ' Plant. Méxﬁorandum to
Members of the Fume and Dust Control Committee, Cincinnati, OH: National Lead
Company of Ohio. 1 February 1962.

Blythe D.J. Justification of CP - Backup Filter for G1-208 Dust Collector in the Denitration
‘Area, Memorandum to P.G. DeFazio. Cincinnati, OH: National Lead Company of Chio. 11
June 1954.

Boies, R.B. Evaluatioﬁ of polypropylene felt dust collector bags G-2020. Memorandum to J. O.
Davis. Cincinnati, OH: National Lead Compariy of Ohio. 19 October 1962.

Boies, R.B. Heating and exhaust’ survey; Plant 5. Memorandum to P.G. DeFazio. National Lead
Company Reference Project- G-324.(169 page survey of dust collection, heatmg and

ventilation facilities for Plant 5 started January 15, 1964; report is second of series under

way for each operating plant.) Cincinnati, OH: National Lead Company of Ohio. 21 April
1965. .

Radiological Assessments Corporation
“Setting the standard in environmental health”
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Boies, R.B. and E. D. Leininger. Report of Ventilation Survey of Plant 8. Report to P.G.’
DeFazio; Engineering Project 8 266. Cmcmnatl OH: National Lead Company of Ohio. 21
December 1967.

Boies, R.B. to P.G. DeFazio. Memorandum, Engineering Proyect No. G- 386 Cmclnnatx OH:
National Lead Company of Ohro 18 May 1965 .

'Brandner, K. E. HF test on wool felt filter matenal Memorandum to J. O. Davis. Cincinnati,

OH Natlonal Lead Company of Ohio. 8 August 1961

' Brandner, K. E. Alternate Measuring systems for Plant 8 digester Vents. Memorandum to H.M.
. Beers. Cincinnati, OH Nationat Lead Company ‘of Ohio. 14 February 1963.

o Carpenter, T Radxoactwe ‘dust collection at FMPC a failure of quality assurance at a uranium

© reprocessing facility.” Memorandum to N. Smxth &. L. Sabbath ‘Washington, D.C.:
Government Accountability Project. July 1986.

o Chapman C R’ Memorandum to R. H. Starkey, Hand]mg of stack loss sample from Col]ector G4-

‘5. Cincinnati, OH: National Lead Company of Ohio. 17 February 1956.

Chapman, C.R. Handhng of Stack Loss Sample from Collector G4-3. Memorandum to R.H.
: Starkey (Excessive losses reported each month from dust collector G4-3 are of major
' concern). Cmcmnatl OH Natxonal Lead Company of Ohio. 17 February 1956.°

Chapman, C. R., Stack Sampler Filters and Air Sampler Solutions. Memorandum to.W. K.
_ Benson. (Lxsts dust collector numbers for each plant and the processes ventx]ated by
; collector 6pages) NLO/ICN 2149686 15 August 1972. ‘

“*Connerton, J. F. P]antQDust Collector System ‘Memorandum to M.V. Car]e (Spare parts list of
equipment, vendor, manufacturers' diagrams and specifications; 30 pages). NLO/ICN
2149642 Cmcxnnatx OH: Natronal Lead Company of Ohio. 12 February 1987,

" “"Davis, d. 0. Specxﬁcatlons for 6-to-4 dust’ collector - bags Memorandum to R. H. Starkey
Cincinnati, OH: National Lead Company of Ohio. 6 February 1962.

: FMPC Radxonuchde Air Emission Source Comprlatlon from unknown document November '

- 1990. 21 pages, lists FMPC Emission’ ‘points by EP #, kg U per emission pt., source
. description and control equipment number. Cincinnati, OH: National Lead Company of
QOhio. 29 May 1990.

- Gart]es J.P. Dust Losses from Ondatxon, Box Mufﬂe and Graphlte Furnaces Memorandum to
'A. Soldano. National Lead Company of Ohio. 23 November 1956. *~

"-"Gessiness, B. Evaluation of the SS Content of Dust Collector Bags and Fﬂters Memorandum to
Plant Superintendents. 15 July 1965.° '

Heatherton, R.C. to J. W. Mahaﬁ'ey, Removal ‘of Air Filters from Plant 5 Heatmg Units. (Re:
filter clogged suggest permanent removal of air filters; indicate no serious health problems).
22 Apnl 1957

Y £ O O T



~eveog

<.
L]

v
[

tx

|z-.;:. RN

 Appendix A : . Page A-47

Sources of Information

Held, B. J: Pilot Plant dust collector loadmg and efficiency tests. Memorandum to J. 0. Davis.
(Summary’ of results of efficiency tests of Mikro and Sly). Cincinnati, OH: National Lead
Company of Ohio. 7 August 1957.

Held, B.J. Loading and Efficiency Tests on G1-754 Dust. Collector - Plant 2. Memorandum to
R.B. Wolf. (Measured volume, total material, total loss, collector efficiency, loading, air-bag
ratio). Cincinnati, OH: National Legd Company of Ohio. 15 May 1958.

Kessler, L. W. Interim Report - Review of Dust Collector Opératmns During Fiscal Year, 1958
(P-20000-16). Memorandum to G.R. Harr. (4 pages, with plant by plant loss per month).
- Cincinnati, OH: National Lead Company of Ghio. 31 July 1958.

Leininger, E.D. Traverse and temperature measurements collected on 8/9/67 in Plant 4, G4-3
and G4-7. Memorandum to J.F. Wlng Cincinnati, OH: National Lead Company of Ohio. 31
August 1967. A

Mahaffey J.W. Memorandum to S.F. Audia. Crossover and Losses of Enriched SS Matenal (Re:
bag changes for each enriched run because loss may be as great as 50 Ib. per bag; 154 bags).
National Lead Company of Ohio. 17 March 1961.

Mahaffey J.W. Memorandum to C.E. Bussert. Crossover and Losses of Enriched SS Material.
(Re: Comments on J. Vath report of 2/20/61; Bag changes for each enriched run because loss
may be as great as 50 Ib. per bag; 154 bags). National Lead Company of Ohio. 17 March
1961.

McKelvey, J.W. Monthly Progress Report for the engineering and Special Problems Section for

“ July 1958. Memorandum to R.H. Starkey. (Discussion of Plant 9 Turner Haws Dust

Collector, Plant 8 vibrating conveyors, digestion tanks and ). National Lead Company of
Ohio. 1 August 1958.

Merideth A.R. Uranium Losses Through 'prlls and Dust Collector Stacks. Memorandum to R.M.

Spencely, F.C. Capuder, E.M. Nutter. Cincinnati, 'OH: National Lead Company of Ohio. 18

Apn] 1956.

Morgan, G.J. Fluid ‘Bed -Off-gas Filtration for Bank 2-Plant 4. “Crash” idea Letter -
Memorandum to P.G. DeFazio. (Refers to Engineering Project 4-131; problems with dust
loading through dust collector G4-4). Cincinnati, OH: National Lead Company of Ohio. 26
November 1963. ' '

Nelson, M. S. to C.L. Karl, Dust Collector Stack Monitoring (new monitoring system in Plant 8).

NLO/ICN 2149709. Cincinnati, OH: National Lead Company of Ohio. 17 December 1964.

NLCO (National Lead Company of Ohio). Dust Collector G8-4 (Pangborn): diagrams, repalrs
Cincinnati, OH: National Lead Company of Ohio. 15 April 1966.

NLCO (Natxonal Lead Company of Ohio). Dust Collector 3002 (Amencan Air Filter); diagrams,
repairs. 22 April 1966.

.NLCO (National Lead Company of Ohio). Dust Collector GS-1: diagnosis, repalrs Cincinnati,

OH: National Lead Company of Qhio. 6 September 1967.

Radiological Assessments Corporation
“Setting the standard in environmental health”
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. NLCO (National Lead Company of Ohio). Dust Collector 6018: dlagrams repairs. Cincinnati,

OH: National Lead Company of Ohio. No date. -

-, NLCO (National Lead-Company of Ohio). Information to be Obtained in Order to Investrgate

Operation of Dust Collector System. General procedures and number of bags used for each
dust collector from 1956 through 1960. Cmcmnatl OH Natlonal Lead Company of Ohio.
1960 L R . ST . . !.."
NLO (National Lead of Ohio). Inadequacy of FMPC Momtormg program (Tltle Page with
-author, ‘date  missing,. 20 ‘pages, incl. Dust Collector Replacement Schedule for all plants
with collector number and manufacturer, air flow. May be verification 'source for stack
release pts.) NLO/ICN 2200675. Cmcmnatx OH: National Lead Company of Ohio. 1983.

Nutter, E.M. Operating Characteristics for Selected Dust Collectors. Memorandum to N.R.
Leist. (Re dust collectors G4-2, G4-5, G4-14). Cmcmnatr OH: National Lead Company of

-, ; + Ohio. 5 March 1984. L s e e

o Palmer, W E ‘ Evaluatlon of polypropylene felt dus;t.collec‘tor bags— £2020. Mem;oran.dum to J. 0.

« ~Davis. Cmcmnat: OH: Natlonal Lead Company of Ohio. 18 October 1962

‘..‘Palmer WE Elxmmatron of Dust Overlaodmg 62020 Dust Collector, Ventmg of the 3620

Pulverizer and packaging station into 02020 dust .collector has been a constant problem.

Overloading with UF dust and HP fumes has resulted in frequent expensive bag changes

and some loss of valuable material to the atmosphere. In December 1962 extensive
) modxﬁcatrons ‘were made to the seal leg 3 March 1963. T e

' j'Podlrpec F. J to G R Harr, Progress Report to Date on Dust’ Collector Improvement (P-20000-
' *6) (Rémedial measures and finding dust bag more resrstant “to HF gas, 4 pages) NLO/ICN.

227791 21 November 1955.

Ross K. N. and M.W. Boback. The Control and Sampling of Airborne Contaminants from
Uramum Production. NLCO-1087. Prepared for presentation at 101st- Annual Meeting of

. _zAmencan Instltute ‘of M,M,P Engmeers, 1972. (Summary of major uranium production

operations and ventilation systems used to control dust; methods to determine airborne U in

work area, and to monitor uranium in stack dnscharges and at plant boundary; calculated .

efficiencies of remelt area dust collectors) Cmcrnnatr OH: Natronal Lead Company of Oluo
- 15 November 1971 C S - Co e .

_ Spenceley, R. M. to M. R. Thresen, Request for Support for EPA.Revrevlr 'ot 'NESHAP for
Radionuclides Data. (Incl. engmeenng drawmg lrst of Plant 4 and Plant § dust collectors) 6.

March 1984.

.'-‘\,‘ . =

‘Starkey, RH Stack Losses from Collector G4-3- Handlmg stack losses February 1956,

Memorandum to C.R. Chapman, (17 Ib; "loss from G4-3 compared to 2800 1b. in January)
Cmcmnatl OH: National Lead Company of Ohro 21 February 1956. . .

: Starkey, ‘R.H. Dust Collector Bag Speclficatlons Report to W A Sm:th dJr.. (Recommendatxons

for material specifications for wool felt, tubular-type dust collector bags; with attached

" memorandum, dated 8 July 1958, from B.J. Held to R.H. Starkey regardmg tubular-type

dust collector bag specifications). Cmcmnatl OH: National Lead Company. of Ohio. 9 July
1958.
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- Starkey, R.H. Stack Loss from Dust Collector #8035 - Plant 8, Memorandum to JA. Quigley.

Cincinnati, OH: National Lead Company of Ohio. 14 March 1962.

Starkey, R. H. Filter bags for Dust Collector G20-20 - Pilot Plant. Memorandum to J. O. Davis.
" Cincinnati, OH: National Lead Company of Ohio. 9 February 1962.

-Starkey, R. H. Testing of Dﬁst Collector Filter Bags. Memorandum to C. Watson. Cincinnati,

OH: National Lead Company of Ohio. 18 November 1964.

Starkey, R: H. Volume Rate. of Flow Measurements of American Air Filter, Turner Haws and
Wheelabrator Dust Collectors-Plant 9. Memorandum to J.W. Mahaffey. Cincinnati, OH
National Lead Company of Ohio. 8 November 1962. ~

(Note: Many of these engineering drawings were produced for- construction projects at the
FMPC site. Because of this, a project number, such as a CP number, is often noted on the
drawing. The prOJect numbers have not been listed here, but can'be easily located. The dates
listed in the formal reference are the dates of the latest revision of the drawing.'If the date
of the latest revision differs significantly from the date of the original drawing, the “Revision
0” date is noted in the parenthetical remarks. Some of the titles may look odd, but they are

- given as recorded on the drawing, to the extent feasible.)

Plant 1 Drawmgs

WMCO (Westinghouse Materials Company of Ohio). Plant 1. Preliminary. Four sheet set of
drawings showmg the layouts of the first, second, third, and fourth floors. Cincinnati, Ohio:
WMCO. circa 1990. (Drawings for recent planned construction activities? Useful for locating
some interior equipment, and for locations of numbered and lettered support columns.)

Plant 2/3 Drawings ' ‘

Norman, R. A. Plant no. 3, demtratlon, fume scrubbmg system, piping diagram. Revision 3.
New York: Singmaster & Breyer; drawing number 5250-3M-5036; FMPC drawing index
code 02C-7000-F-00826. 9 December 1955.

'I‘urpm Plant 2, denitration area process piping dragram, UOg3 gulping system. Revision 1.
Fernald, Oth National Lead Company of Ohio. FMPC drawing index code OZC 5500-F-
02393. 19 Apnl 1969.

. Schultheis, R. Plant 2, digestion area, reduction of air-borne dust, relocated dust collector no. G-

252, general arrangement. Fernald, Ohio: National Lead Company of Ohio. FMPC drawing
index code 02A-5500-H-02633. 30 March 1973. (Shows planned new location of stack and
dust co]lect.or G-252 in Plant 2 after relocation from Plant 5.)

WMCO (Westmghouse Materials Company of Ohio). Ore refinery — Plants 2, 3, & 18, composite
equipment arrangement, plans. Revision 1. Cincinnati, Ohio: WMCO drawing number
5250-2M-5014. FMPC drawing index codes 02X-7000-M-00560, 03X-7000-M-00159, and 18X-
7000-M-00042. 19 July 1987. (Originally produced: by Smgmaster & Breyer and National
Lead Company of Ohio, 25 January 1955.)
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WMCO (Westinghouse Materials Company of Ohio). Plant 2, interior. Prelnmmary One sheet

drawing showing the interior layout.: Cincinnati, Ohio: WMCO; circa 1990. (Useful for .

locating some interior eqmpment and for locahons of numbered and lettered support
columns)

Plant 4 Drawmgs

Broerman, R. Plant 4, packagmg area, vacuum pump .for stack sampler for dust collectors,

piping (typical), plans elevations & schematic. Revision 1. Fernald, Ohio: National Lead
:. Company of Ohio. FMPC drawing index code 04X-5500-P-01874. 11 January 1982. (Revision
= 0 dated 19 March 1973. Shows typical setup of motor, vacuum pump, and lines to stack
- samplers for Plant 4. Shows locations of stacks for dust collectors G4-1, G4-2, G4-3, G4-4,
'G45 G4-7, G4-8, G4-13, G4-14, and G4- 15)

W1

'5 Catalytxc Constructxon Company. . Feed Matenals Production Center, Fernald . area,
o architectural, floor plan at elev. 580" -0", Green Salt Plant 04-C-1. Revision 3. Philadelphia,-
Pennsylvania: Catalytic Construction Company, drawing number 3004-C-1011-A; FMPC .

drawmg index codes 04X-1450-A 00024 and 04X-1450 S-00025. 2 June 1952

Cepluch D.; Broerman R. Plant 4, reactor area ﬂU.ld bed conversion, layout of new fan & stack
for collector G-4-7, plans, elevatlons sections & view. Revision 1. Fernald, Ohio: National
Lead Company of Ohio. drawing number 4-4321 FMPC drawmg mdex code 04A-5500 H-
01476 27 October 1958 S -

‘ Fry, R Plant 4 depleted green salt. packagmg faclllty, vent:latnon alberatxons, section “A—-A"

Revision 3. Fernald Ohio: National Lead Company of Ohio. FMPC drawing index code 04X-
5500-H-01800. 14 November 1985. (Revision 0 dated 23 N. ovember 1966. Revision 3 indicates
replacement of some rain caps with new type.): :

'George A. Fuller Company. Green Salt Plant, exhaust ducts thru roof Cmcmnatl Ohlo George
" A. Fuller Company. drawing number 3004-H-GAF#14S-A; FMPC drawing index code 04A-
13595-H-00682. 23 June 1952, (Somewhat useful for locating stacks for Plant 4.) ‘

-George A. Fuller Company Local exhaust. ducts to umts G4-2 & G4-5 upper plan columns 7-8
* ..~ B=C, elev 629'-6", Green Salt Plant 3004. Revision 1. Cmc:nnatl Ohio:- ‘George A Fuller
Company drawmg number 3004-H-G-A~F-Co-23 sd; FMPC drawing 1ndex code 04A-3595-H-
00689. circa 16 March 1953. - ST T .

. :.George A. Fuller Company. Green Salt Plant bldg #3004, exhaust ducts — units G4-706 — col's 4

" tod & E to G =~ el. 619-6" to 588'-6". Revision 1. Cincinnati, Ohio: ‘George . A. Fuller
Company drawing number 3004-H-GAF-Co-28 sA; FMPC drawing index code 04A-3595-H-
00690. circa 26 March 1953.

George A. Fuller Company.-Final connections to dust collectors G4-3 & G4-7, Green Salt Plant -
. bldg #3004. Revision 1. Cincinnati, Ohio: George A. Fuller Company; drawing number 3004-
-+ H-GAF-Co0-29-sA; FMPC drawing index code 04A-3595-H-00691. 21 March 1953. -

Hammon, A. Plant 4, packaging area, dust collection alt,erations; demoloition of e:dsting duct
.. work, plans & elevation. Fernald, Ohio: National Lead Company of Ohio. drawing number
- 4-4381; FMPC drawing index code 04A-5500-H-01524. circa August 1959... ..

R R



- e

ey

Do,

e
gL

ol

AppendixA - Page A-51
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Hammon, A. Plant. 4, packaging area, dust collection alterations, west side duct work, plans.
. Revision 1. Fernald, Ohio: National Lead Company of Ohio; drawing number 4-4394; FMPC
drawmg index code 04A-5500-H-01541. 18 December 1959. "

.Hammon, A. Plant 4, packaging area, dust collection alterations, west side duct work, plan &
sections. Fernald, Ohio: National Lead Company of Ohio. drawmg number 4-4395; FMPC
drawing index code 04A-5500-H-01542. 27 June 1959.

Hammon, A. Plant 4, packagmg area, dust. collection alterations, west side duct work,
elevations. Fernald, Ohio: National Lead Company of Ohio. drawmg number 4-4396; FMPC
drawing index code 04A-5500-H-01543. 27 June 1959.

Hard, R. M. Feed Materials Production Center, Fernald area, process flow sheet, Green Salt
Plant, dust  collection system. Two sheets. Philadelphia, Pennsylvania: Catalytic
Construction Company. drawing number 3004-H-06-R; FMPC drawmg mdex code 04X-
1450- F-00562 19 February 1951.

Horn, W. F. Plant 4, Green Salt Plant, G4-2 & G4-14 dust collectors, piping & instrumentation
diagram. Fernald, Ohio: Westinghouse Materials: Company of Ohio. FMPC drawing index

code 04X-5500-N-02231; 17 November 1987. (Indicates flow ratings of blowers.)

Horn, W. F. Plant 4, Green Salt Plant, high vacuum system, G4-4 & G4-9 dust colléctor, piping

& instrumentation diagram. Fernald, Ohio: Westinghouse Materials Company of Ohio.
FMPC drawing mdex code 04X- 5500 N-02232; 17 November 1987. (Indlcates flow ratings of
blowers.)

NLCO, Engineering Drawings Plant 4; Series of 30 drawings of Pl;'ant 4 Dust Collectors and
assocxated processes. 1965 1967.

NLCO (Nat:onal Lead Company of Ohio). Changes in pipe sizes required to add G4-805 to
exhaust system G4-4 (b'ld'g 3004). Fernald, Ohio: NLCO. sk. number E-4-1; FMPC drawmg
index code 04A-5500-H-00820. 5 December 1952,

NLCO (National Lead Company of Ohio). Plant 4, south end, dust collection alterations, flow

diagram. Revision 1. Fernald, Ohio: NLCO. drawmg number 4-4353; FMPC drawmg index
codes 04A-5500-F-01496 and 04A-5500-H-01497. circa 24 July 1959

NLCO (National Lead Company of Ohio). Exhaust stack, dust collectors G4-3 & G4-T. Fernald,

Ohio: NLCO. sk. number M4-244; FMPC drawing index code 04A-5502-H-01072. 21 April -

1961. (Shows dimensions of stacks including original-style rain cap, for dust collectors G4-3
and G4-7.)

Roberts, B. N. Feed Materials Production Center, Fernald area, process flow diagram, Green
Salt Plant, sump recovery system. Philadelphia, Pennsylvania: Catalytic Construction
Company. drawing number P-3004-86-F; FMPC drawing index code 04X-1450-F-00434. 24
July 1952,

Smith, R. W. Feed Materials Production Center, Fernald area, engineen'ng flow diagram,
heating & ventilation, general vacuum cleaning system, Green Salt Plant. Revision 1.
Philadelphia, Pennsylvania: Catalytic Construction Company. drawing number 3004-P-03-
A; FMPC drawing index codes 04A-1450-H-00416 and 04A-1450-F-00417. 16 April 1952.
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Smith, R. Feed Materials Production Center, Fernald area, engineering flow,diagrarn, heating
& ventilating, vacuum conveying system, Green Salt Plant. Revision 2. Philadelphia,

‘Pennsylvania: Catalytic Construction Company. drawing number 3004-P-05-A; FMPC

drawmg mdex codes 04A- 1450-H 00419 and 04A 1450-F- 00420 ‘16 June 1952

i

jSmxth R W. Feed Matenals Productlon Center, Fernald area, engmeermg ﬂow diagram,

“heating & "ventilating, dust control, .process heating & ventilating, Green. Salt Plant.
. Revision 1. Three sheets. Phlladelplna Pennsylvania: Catalytic Construction Company.
drawmg number 3004-P-04-R FMPC drawmg mdex code 04X-1450-H- 00418 6 August

Stull H Plant 4, south end dust collectron alteratrons, plans & elevatxon Fernald Ohio:

National Lead Company of Ohio. drawing number 4-4354; FMPC drawmg mdex code 04A-
5500-H-01498 30 October 1958 S L ‘ W

Stull H Plant 4, dust collectron alteratxons east sxde duct work, elevatxons Fernald Ohio:
Natwnal Lead iCompany of Ohio. drawmg number 4-4393; FMPC drawmg index code 04A-
' 5500-H-01540. 13 April 1959, oo Yy

Turkowitz, L. Plant 4, reactor area, ventilat_ion of blender & packaging station,~ductwork for

"+ dust collector G4-12, ‘elevations A-A & B-B. Revision 1. Fernald, Ohio: National Lead
Company of Ohio. drawing number 4-4496; FMPC drawing index code 04A-5500-H-01632.
14 November 1985. (Revision 0 dated 23 April -1963. Revision 1.indicates replacement of rain
cap, with new style, on stack for dust collector G4-12.) : .

WMCO (Westinghouse Materials Company of Ohio). Plant 4, composite 1988 thru 1992, project
construction periods interior. 'Prehmmary Seven sheet set of drawings showing the layouts
..of -the various elevations (floors) in the plant. Cincinnati, Ohio: WMCO. circa 1990.
(Drawmgs for recent planned construction ‘activities? Useful for’ locatmg some interior
equxpment and for locatxons of numbered and lettered support columns ) :

. . Plant 5 Drawings o

_-.Catalytic Construction Company Feed “Materials Productron Center, . Fernald area,
_architectural, elevations, Metals Plant. Revrslon 3. Philadelphia,” Pennsylvama Catalytic -
.. Construction Company, drawmg ‘number 3005 .C-1002-A; FMPC- drawmg ‘index code 05X- -
. 1450-A-00009. ‘13 June' 1988.° (Revxs:on 0'‘dated 13 December 1951.° Shows planned
replacements of weather caps (ram caps) for stacks for dust collectors G5-249 -G5-250, G5-

€

251, G5-253, G5-260, and G5-261)

Dickson. Feed Materials Production Center, Fernald area, sectlons “A—-A" & “B—B heating &
ventilating, Metals Plant. Revision 2. Philadelphia, Pennsylvania: Catalytic Construction
..~ Company; drawing number 3005-P-56-A; FMPC drawing index code 05X-1450-H-01087; 14
-November 1985. (Revision 0 dated 31 March 1952 Shows planned replacements of weather

- ;. caps (rain caps) for stacks for dust: collectors 05-249 and G5-251. Also sbows locatlons of

stack sampling connections mto these stacks )} SR

Dickson. Feed Materials Production Center, Fernald area, sectxons ’E—E" .& "F F " heatmg &
ventilating, Metals :Plant. Revision 2. ‘Philadelphia, Pennsylvania: Catalytic Construction

Company; drawing number 3005-P-58-A, FMPC drawing index code 05X-1450-H-01089; 14 -

November 1985. (Revision 0 dated 30 Aprxl 1952. Shows planned replacements of weather
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. caps (rain caps) for stacks for dust collectors G5-254 (?) and G5-261. Also shows locations of
stack sampling connections into these stacks.)

Dickson. Feed Materials Production Center, Fernald' area, sections "G-G" & "S-S,” heating &
ventilating, Metals Plant. Revision 2. Philadelphia, Pennsylvania: Catalytic Construction
Company; drawing number 3005-P-60-A; FMPC drawing index code 05X-1450-H-01091; 14
November 1985. (Revision 0 dated 1952. Shows planned replacements of weather caps (rain
caps) for stacks for dust collectors G5-258 and G5-260. Also shows locations of stack

" sampling connections into these stacks ) « .

Singmaster & Breyer. Metals,Plant no. 5 - new wings, elevations, architectural drawing.
Revision 3. New York: Singmaster & Breyer; drawing number 5250-5A-5036; FMPC
drawing index code 05X-7000-A-00075; 16 May 1986. (Revision 0 dated 22 March 1955.)

WMCO (Westinghouse Materials Company of Ohio). Plant 5, October 1989 thru 1990.
Preliminary. Two sheet set of drawings showing the layouts of the first and second floors in
the plant. Cincinnati, Ohio; WMCO; 18 December 1989. (Drawings for recent planned
construction activities? Useful for locating some interior equlpment and for locations-of
numbered and lettered support columns.)

WMCO (Westinghouse Materials Company of Ohio). Plant 5. Preliminary. Two sheet set of
drawings showmg the layouts of the first, second, and third floors. Cincinnati, Ohio:
WMCQO; circa 1990.. (Useful for locating some interior eqmpment and for locations of
numbered and lettered support columns.)

Plant 6 Drawings .
NLCO, Boies, R.B., Engineering Drawmg Plant 6; NLCO Plant Layout; 27 May 1965.

WMCO (Westinghouse Materials Company of Ohio). Plant 6. Preliminary. One sheet drawing
showing the interior layout. Cincinnati, Ohio: WMCO; circa 1990. (Useful for locating some
interior equipment, and for locations of numbered and lettered support columns.)

Plant 7 Drawings :

Catalytic Construction Company. Production plant, Fernald area, equipment layout—process
bldg. Set of seven drawings; five of plans at various interior elevations and two of cross
sections. Philadelphia, Pennsylvania: Catalytlc Construction Company; drawing numbers
3241-A103 through 3241-A109; FMPC drawing index codes 07X-1450-M-00004 through 07X-

- 1450-M-00010. (Presumed to be original construction drawings. Originally drawn 15 June.

1953, most with revisions through late 1953 or early 1954, and two with revisions in 1987.
Show equipment layout.)

Plant 8 Drawings

Bunk, L. W. Plant 8, area "C,” replacement of box ‘furnace dust collector Fernald, Ohxo
National Lead Company of Ohio; FMPC ' drawing index code 08X-5500-H-02307; 22
November 1968. (Shows plans for replacing the Sly 6A Dynaclone dust collector with a Day
44AC10 dust collector, to serve the box. furnace. Shows location of exhaust stack for this
dust collector and locations of two nearby scrubbers.)

Jﬁrkonit.z, L. Plant 8 Calciner Bldg.,. first floor, drumming station for Hoffman unit, location

and duct work connections, drawing number 8-4990. FMPC drawing index code 39A-5500-

Radiological Assessments Corporation
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i

H-0059 and 08D-5500-H--18889. Cmcmnatx OH National Lead Company of Ohio. 5 June
1963. o S IE TR .
NLCO (National Lead Company of Ohio). Plant 8, area C, scrubBer. for box furnace, plan.
_.Fernald, Ohio: NLCO; FMPC drawm{;r mdex code 08X-5500-H-02312; circa 1968 (Ductwork
- and pxplng) - e, )
NLCO (National Lead Company of Ohio). Plant 8 area C scrubber for box furnace, sections "A-
A" &"B-B." Fernald Ohio: NLCO; FMPC dramng index code 08X-5500-H-02313; circa 1968.

A Cee

NLCO (National Lead Company of Ohio). Plant 8 crusher area, outside crusher dust collector

.. replacement, .demolition, plans & section. Revision 3. Fernald, Ohio: NLCO; drawing

" number 8-4213; FMPC drawing index code 08X-5500-H-02315; 16 January 1969. (Revision 0

" ‘dated circa 1958. Shows the stack for dust collector G43-44C without a rain cap. Indicates
the dust collector was to be removed circa 1969.) .

WMCO (Westmghouse Matenals Company of Ol’no) Plant '8, January 1990 to January 1991
Preliminary. Two sheet set of drawings showing the layouts of the first and secord floors in
the plant. Cincinnati, Ohio: WMCO; 12 February 1990 and 24 January 1990. (Drawings for

~recent planned construction activities? Useful for locating some interior equipment, and for
locations of numbered and lettered support columns ) .

N ! \

# " Plant 9 Drawings" : ' ‘
- George A. Fuller Company. Location and detaxl of exhaust stacks thru roof new Matenal Feed
Production building #3542. Cincinnati,' Ohio: George A. Fuller Company; drawing number
S . 8542-H-GAFCo-7-sA; FMPC drawing index code 09X-3595-H-00275; 4 November 1952.
- - (Shows locations of stacks on roof and heights. But, stacks appear to be numbered by stack

" number (?), or some other number not directly related to dust collector number )

WMCO (Westinghouse Materials Company of Ohio). Plant 9. Prellmmary One sheet drawing
- showing the interior layout. Cincinnati,' Ohio:- WMCO; circa 1990. (Useful for locating some
: mtenor equlpment and for locatxons of numbered and lettered support columns ) ]

R ) . PoUe

" Pilot Plant Drawmgs et
WMCO (Westinghouse Materials Company of Ohio). Pilot Plant lntenor Prellmxnary One
., .. -sheet drawing showing the interior layout. Cincinnati, Ohio: WMCO; circa 1990. (Useful for
~- . .. locating some interior. equlpment and for locatlons of numbered and lettered support
« columns) :

.4'4'

K-65 and Metal Oxide Sllos Drawmgs

Anonymous FMPC drawing index code 34X-1450-F-00020 (Drawmg showmg water plpmg for

'K-65 drum dumpmg and washmg and slurry to srlos Sheet 1 of' 2)

* Catalytic - Constructxon Company Process ﬂow dlagram “hot raf’ﬁnate ‘storage system.
Philadelphia, Pennsylvania: Catalytic Construction' Company; drawing number 3034-H-01-
_ F FMPC drawmg lndex code 34X-1450-F-00037 14 June 1951 ' .
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‘Clift, W. K-65 storage farm, K-65 handling & storage, enlarged K-65 'stofage farm flow diagram.
Fernald, Ohio: National Lead Company of Ohio; FMPC drawing index code 34X-5500-F- *

00061. 4 December 1956.

" . Creter, L. W. Process flow diagram K-65 handling & storage. Two sheets. Phi]ade]pﬁia,

Pennsylvania: Catalytic Construction Company; drawing number P-3034-37-F; FMPC
drawing mdex code 34X-1450-F-00038. 5 May 1952. :

Geesner, T. J. K-65 storage, K-65 tank: embankment stablhzatron general ‘layout. Revision 1.
Fernald, Ohio: NLO, Inc.; FMPC drawing index code 34X-5500-G-00084; 14 July 1983.
(Shows expansion of the sﬂo berms.)

Glenn F. J. Engineering flow diagram metals oxide. Phlladelphla, Pennsylvania: Catalytic
Constructxon Company; drawing number 3035- H-02-A ‘FMPC drawing mdex code 35X-
1450-F-00017; 20 June 1952,

Locke, M. K-65 silos, K-65 radon treatment system, ‘as benlt plan, details and sections.
Fernald, Ohio: Westinghouse Materials Company of Ohxo FMPC drawing mdex code 34X-
5500-M-00116 5 October 1990

NLCO (National Lead Company of Ohlo) K-65 slurrying system. Fernald, Ohlo NLCO; sk.
number P-34-6; FMPC drawing index code 34X-5506-F-00043; 8 May 1952. '

NLCO (National Lead Company of Ohio). Tank unloading & drum'mmg system for 'K-65'
material. Fernald, Ohio: NLCO; sk. number E-34-3; FMPC drawing index code 34X-5500-F-
00051; 23 April 1958. (for proposed removal of K-65 matenal from siles.) :

NLCO (National Lead Company of Ohio). K—65 storage, earth embankment at K—65 tanks, plan.
Fernald, Ohio: NLCO; drawing number 34-4013; FMPC drawing index code 34X-5500-M-
00066; 2 December 1963.

Preload (Preload Enterprises, Inc.). Two 125,000 c.f. slurry storage tanks - type K65, Atomic
Energy Commission, Fernald, Ohio, Catalytic Construction Co. Revision 4. New York:
Preload; drawing number 51T20-3; FMPC drawing index code 34X-1450-A-00086; 15
September 1951. (Drawing from original constructor of K-65 sﬂos Useﬁxl for constmctxon
details, charactenstlcs )

Preload (Preload Enterprises, Inc.). Two 125,000 c.f. slurry storage tanks - type K65, Atomic

" Energy Commission, Fernald, Ohio, details. Revision 3. New York: Preload; drawing

number 51T20-7; FMPC drawing index code 34X-1450-P-00090; 25 September 1951.
(Drawing from original constructor of K-65 silos. Useful for locations and detalls of hatches
and other penetrat:ons ) :

Preload (Preload Enterpnses, Inc.). Two 125 000 c. f tanks, Atomxc Energy Commxssmn,
Fernald, Ohio, engrs: Catalytic Const. Co. Revision 6. New York: Preload; drawing number
51T29-2; FMPC drawing index code 34X-1450-A-00092; Drawing from original constructor
of K-65 sxlos Cincinnati, OH: Natxonal Lead Company of Ohio. 20 November 1951."

Selwert, J. FM.P.C. Fernald, Ohxo, protectwe cover system ‘for K-65 tanks, dome plans &
details. Cincinnati, Ohio: Camargo Associates, Limited; FMPC drawing index code 34X-
5500-S-00109; 16 December 1985.

Radiological Assessments Corporation
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‘Smlth 'E. Process flow dxagram K-65 {handhng & storage Prehmmary Two sheets.
Phlladelphxa Pennsylvania: Catalytic Construction Company; drawing number 3034-H-02-
F; FMPC drawing index code 34X-1450-F—00019 12 July 1951. :

7 'Stull H P. K-65 storage farm K~65 handhng & storage flow dlagram Fernald 01’110 Natronal

Lead Company of Ohio; drawing number 34-4005; FMPC drawing index code 34X-5500-F-
00060; 7 February 1956.

. “0ola” Solnd Waste Incinerator and Sewage Treatment Area Drawmgs :
Bosum, D. ‘Sewage Treatment Area Classified Paper Destroyer Installation, drawmg No 39-
4002 Cincinnati, OH National Lead Company of Ohlo 27 August 1957, .

- ancoe D Incmerator Bux]dmg, drawmg number MX-44 FMPC drawxng mdex code 39X-5502-

. 8-00011 and '00A-5502-A-00126. .Cincinnati, OH: Natnonal .Lead Company of Ohio. 28

November 1961. TR TR T

.Bunk, L. W. Sewage treatment area, incinerator, modifications to plant incinerator. Fernald,
- Ohio: ‘National Lead Company of Ohio; FMPC drawing index code 39X-5500-G-00009; 24
April 1969. (Shows size of existing stack )

_ ‘NLCO (National Lead Company of Ohio). Waste paper and chemical carton incinerator, drawmg
" ¥ number 39- 5000; FMPC drawmg mdex code 39X-5500-X 00007 Cmcmnatz OH ‘31 March
1952 © .

‘ }NLCO (National Lead Company of Ohro) Incmerator Preliminary. Fernald, Ohio: NLCO;
. drawing number ‘39-4000; FMPC drawmg index code 39X-5500-X-00002; 2 October 1953.

- (Appeéars to be original plans for installing the intinerator. However the as-bux]t locatxon of

the mcmerator dxffers from that shown on thlS draw1 ng.)
NLCO (Natlonal Lead Company of Ohio). ‘Foundation plan, details, incinerator. Revision 2.
Fernald, Ohio: NLCO; drawmg number 39-4001; FMPC drawing index codes 39X-5500-A-
-+ 00003 ‘and 39X-5500-S-00004 circa 1954 (Revision 1 dated 3 August 1954. Appears to be
- original plans for installing’t ‘the incinerator. The as-built locatxon of the incinerator shown
on thls drawmg appears to match the actual locatxon ) L
NLCO (National Lead Company of O}uo) Incmerator details. Revrsxon 1. Ferna]d Ohio: NLCO;
drawing number 39-4002 FMPC drawmg index codes 39X-5500-A-00005 and 39X-5500 S-
00006 1Apnl 1954 : . o - ;

Rxchards, A Sewage treatment plant expansron, plot plan Revision 2. New York Smgmaster &

- Breyer; drawing number §250-25M-4019; FMPC drawing index code 25A-7000-F-00033; 14
. July 1960. (Revision 0 dated 26 May 1955. Useful for showmg location of the incinerator,
Manhole 175, and the sewer sampler statlon on the effluent line to the Great Miami River.)

Schultheis, R. Incinerator, plans & sections. Revrsron 1. Fernald, Ohio: National Lead Company
of Ohio; FMPC drawing index code 39X-5500-M 00012; 28 September 1976. (Revision 0
dated 21 September 1972, Shows size of stack (new) ) o :
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Schultheis, R. Incinerator building, Solid Waste Incinerator Piping and electrical plan and
details,” FMPC drawing code 02F-5500-P-02808 and 02F-5500E02809 National Lead
Company of Ohio. 3March 1979, -

Schultheis, R. Incinerator bmldmg, Solid Waste Incinerator general arrangement plan and
elevation, FMPC drawing code 02F-5500- M-O2805 National Lead Company of Qhio. 26
January 1979.

_Other Buildings Drawings

Geesner, T. J. Bldg 39, liquid waste incinerator, conduit & cable layout. Fernald, Ohio: National
Lead Company of Ohlo FMPC drawing mdex code 39X—5500 E 00041; 10 June 1982,

Singmaster & Breyer. (Raﬂ' nate calciner bldg.) incinerator bldg., plans elevations. Revision 5.
New York: Singmastér & Breyer; drawing number 5250-3A-5318: FMPC drawing index
codes 02F-7000-A-00957 and 39A-5500-A-00054; 4 August 1988. (Revision 0 dated 11 April
1956. Shows locations of exhaust stacks.) .

WMCO (Westinghouse Materials Company of Ohio). Incinerator Building, Floor Plan, drawing
- number 39A:5500-A-00063. Approved by G. Paul Cmcmnatl OH, 10 August 1990 (?).

FMPC General Area Drawmgs

"Locke, M. Production area site plan. Fernald Ohio: Westmghouse Matenals Company of Ohio;

26 March 1990. (Filename ZFAI:{100,4]JPRODMAP.DGN. General map of production area,
with buildings and some features labeled.)

WMCO (Westinghouse. Materials Company of -Ohio). Feed Materials Production Center.
Fernald, Ohio: WMCO; 27 June 1989. (R.E.S.-1238. Filename ZFAI:[100,4]RCRA.DGN.
General map showing complete FMPC. site and surroundmg roads and houses. Shows
coordinates of the FMPC Site Origin, in USGS, OSP, and site coordinates. Also shows
direction of north for each of these coordinate systems.)

Woolpert Consultants. Eernald f'acil_ity, Department of Energy, Fernald, Ohio. Seventeen sheets.
Dayton, Ohio: Woolpert Consultants; FMPC drawing -index codes 75X-5500-G-00112
through 75X-5500-G-00128; circa 1988. (Topographic maps, prepared for Weston, of much of
the FMPC facility, at scale of 1 in = 50 ft. Very useful for locating pomts on the site. Uses -
Ohio State Plane coordinate system.)

Miscellaneous Drawings

~ Cooper, D. P. 1985 site runoff characterization survey. Fernald, Ohio: NLO, Inc.; FMPC

drawing index code 18X-5500-X-00658; 16 September 1985. (This “drawing” consists of
copies of Attachments 1, 2, and 3 to an unidentified report, presumably regarding site water
runoff and calculations of required capacity of storm catch basin. Includes a reference to
availability of backup data on site characterization.)

Ellis, J. J. General stack sampler assembly & detail. Revision 4. Fernald, Ohio: NLO, Inc.;
FMPC drawing index code 00X-5500-N-01368; 18 January 1989. (Revision 0 dated 11
January 1983, Shows filter holder, tubing and connections, and sampling probe designs.)

‘Radiological Assessments Corporation
“Setting the standard in environmental health”
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NLCO (National Lead Company of Ohio). Sketch and text describing bag filter specifications, for
purchasing department. Revision 1. Ferna]d Ohio: NLCO; sk. number GS-4-5982, B-4-1;
. FMPC drawing index code, 04X~5505-M-01778 26 July 1957, (Rev1s1on 0 undated For
Ensinger Filter, G4-39.)

... . NLCO (National Lead Company of Ohio). Sketch and text describing bag filter specifications, for

purchasing department. Fernald,” Ohio: NLCO; sk. number.GS-4-2611,-B-4-2; FMPC
drawing index code 04X-5505-M-01779; undated. (For dust collectors G4-2 through G4 7 and

.., (unknown) item G1-208.) . C,\_,;}.“:; ,.,‘ e o

NLCO (National Lead Company df ‘Chxo)j Ske'teh' and fext descnbmg bag filter speerf.'c‘atrons, for

4 .-~ purchasing department. Revision 1..Fernald, Ohio: NLCO; sk. number GS-X-450, -B-4-3;

'FMPC drawing index code 04X-5505-M 01780 22 July 1957. (Rev151on 0 undated. For G4-
11, Was superseded 23 October 1958.)

o .NLCO (Natxona] Lead Company of Ohm) Sketch and t,ext. descnbmg bag ﬁlter specrﬁcatlons, for

purchasing department. Fernald, Ohio: NLCO; sk. number GS-X-450; FMPC drawing index
code 04X-5505-M- 01781; undated. (For. GS 5-247 Hoffman umt Was superseded 23 October
1958.) KT :

ENVIRONMENTAL MONITORING REPORTS , .
... Aas, C.A., D.L. Jones and R.W. Keys, FMPC Environmental Monitoring Report for 1985. FMPC-

2047, Special. Westinghouse Materials Company of Ohio, 30 May 1986.

Asas, C.A., S.J. Clement, G.L. Gels & C.A. Lojek, FMPC Enyironmental Monitoring Annual
Report for 1986. FMPC-2076, Westinghouse Materials Company of Ohio. 30 April 1987.

Addendum to FMPC Environmental Momtonng Annual Report for 1972. *An Evaluation of the
Radiation Dose to the Public Resulting from FMPC Operations.”. NLCO-1098, Addendum.
: Hea]th and Safety Dmsxon, Natzona] Lead of Ohio, Inc. 11 Apn] 1973.

o .Berger J D., GS stt CM Morrow DJ Nrederkorn DT Robmson (ORAU) Enwronmental

Program Review of the Feed Materials Production Center Fernald, Ohio. (100 pg review of

. air, monitoring, water treatment and monitoring, groundwater, soil, sediment, vegetation, -

monitoring, waste management, analyhcal procedures, QA, dose assessment, emergency
preparedness). Prepared by Radiological Site Assessment Program Oak Rxdge Assoc:ated
Universities, Oak Ridge, TN. October 1985 : , ‘ e L

._Dolan, L.C. Action Plan in Response to ORAU Envxronmental Program Revxew Letter to JA.

Reafsnyder. (Lists of:short-term,” 67 action items, and long-term, 10 action items, priority
1bems) Westinghouse Matenals Company of Ohio. 15 January 1986. R

'’ Dugan, T. A., G. L. Gels, d. S. Oberjohn, and L. K. .Rogers, FMPC Annual Enwmnmental

* Report for Calendar Year 1989. LFMPC-2200 ‘Special. Environmental Management
Department Westmg'house Matenals Company of Ohio. October 1990

'Facemlre, C F D.L. Jones and R. W Keys, FMPC Envuronmenta] Momtonng Annual Report

. for 1984, NLCO 2028, Special. National Lead of Ohio, 1985. 15 July 1985.
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FEMP (Fernald Environmental Management project). Annual Site’ Environmental Monitoring :
' . -~ Report for Calendar Year 1991. FMPC-2275, Special UC-707, Environmental Management \.)
. Department. Cincinnati, OH: Westinghouse Environmental Management Company of Ohio.
December 1992.

i : FMPC Environmental Monitoring Annual Report f'or 1959 Health and Safety Division,
. : National Lead of Ohxo, Inc 1 May 1960. '

¥ ' FMPC Envxronmenta] Momtonng Annual Report f'or 1971," NLCO-1092, Specla] Health and
Safety Division, National Lead of Oh1o Inc 21 June 1972

FMPC Environmental Momtonng Annual Report for 1972, NLCO- 1098 Special. Health and

3
i _ Safety Division, National Lead of Ohio, Inc. 16 »Ij‘ebruary 1973.
B FMPC Environmental Monitoring Annual Report for 1973 " NLCO-1109. 1 Apnl 1974. Health
Ei and Safety Division, Natxonal Lead of Oh1o, Inc.,, ‘
J
- FMPC Environmental Monitoring Annual Report for 1974, NLCO-1117. 4 April 1975 Health
+ and Safety Division, National Lead of Ohio.
: FMPC Environmental Monitoring Annual Report for 1975, NLCO-1133.'1 April 1976, Health
- and Safety Division, National Lead of Ohio. ) N
e FMPC Environmental Monitoring Annual Report for 19"76, NLCO-1142. 1 April 1977. Health
and Safety Division, National Lead of Ohio. :
3 FMPC Environmental Monitoring Annual Report for 1977, NLCO-1151. 1 April 1978. Health \_J
and Safety Division, National Lead othlo '
E FMPC Environmental Monitoring Annual Report for 1978, NLCO-1159 1 April 1979. Health
and Safety Dmsxon Natmnal Lead of Ohio.
f " FMPC Envxronmental Momtonng Annual Report for 1979 NLCO 1164. 1 Apnl 1980. Health
b and Safety Dmsxon Natxonal Lead of Ohxo
F FMPC Enwronmental Momtonng Annua] Report for 1980 NLCO-1168 Health" and Safety
& Division, Natlonal Lead of Ohio, 1 April 1981,
FMPC Environmental Momtonng Annual Report for 1981_; NLCO-1180. Health and Safety
H Division, National Lead of Ohxo 1 May 1982.
[ .
FMPC Envn'onmental Momtonng Annual Report for 1982 NLCO-1187 Health and Safety
i Division, National Lead of Ohio, 1 May 1983.
FMPC Environmental Monitoring Annual Report for 1983, NLCO-2018. Health" and Safety
3 Dmswn, Natxonal Lead of Ohlo, August 1984. - )
" FMPC Enwronmental Momtonng Annual Report for 1988. FMPC 2173, UC- 707 By FMPC
P Restoratlon Westinghouse Materials Company of Ohlo June 1989,
F
4

(
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. C !
i ; . ¥
FMPC Annual Environmental Monitoring Report for Calenar Year, 1989. FMPC-2200, Special

“UC-707, Environmental Management Department. Cmcmnah OH Westinghouse Materials
'Company of Ohio. October 1990. BT , ;

FMPC Annua] Environmental Monitoring Report for Calendar Year 1990. FMPC-2245, Special

UC-707, Environmental ManagementDepartment Cmcmnatl OH: Westmghouse Matena]s'

-Company of Ohio. Decmeber 1991. ) R

SrL -FMPC Enwronmenta] Monitoring Quarterly Report ‘Apr - May - Jun-1961. Hea]th and Safety

. Division. Cincinnati, OH: National Lead Company of Ohxo 10 July 1961.

FMPC Environmental Monitoring Quarterly Report Jan Feb Mar 1960 Health and Safety
i. Division. Cmcmnatx OH Natlonal Lead Company of Ohio. 1 May 1960 P

‘FMPC Envxronmental Momtonng Quarterly Report Jan Feb - Mar 1961. Hea]th and Safety

D1v151on Cmcmnatl OH Natxonal Lead Company of Ohio. 10 Apnl 1961,

: FMPC Enwronmental Momtonng Quarterly Report Jul - Aug - Sep 1961 Health and Safety

Division. Cincinnati, OH: Natlonal Lead Company of Ohio. 10 October 1961.

'FMPC Envxronmental Momtormg Quarterly Report Oct - Nov - Dec 1960 and Summary Report
for 1960. Health and Safety Division. Cincinnati, OH: National Lead Company of Ohio. 10

January 1961.

FMPC. Envrronmenta] Momtormg Quarter]y Report bct Nov Dec 1961 and Summary Report
for 1961. Health and Safety Division. Cincinnati, OH: National Lead Company of Ohio. 10
January 1962 _

’ -'.FMPC Enwronmental Momtonng Seml-Annual Report for Second Half of 1962 Summary

.Report for 1962.- Health and Safety: Dmsxon Cmcmnatx OH: National Lead Company of
Ohio. 20 January 1963.

FMPC Environmental Monitoring Semi-Annual Report for Second.Half of 1963, Summary
Report for 1963. Health and Safety Dnnswn Cincinnati, OH: National Lead Company of
Ohxo <20 January 1964 . .

FMPC Enwronmental Momtonng Seml-Annual Report for Second Half of 1964 Summary

Report for 1964, NLCO-939. Health and Safety Dmsron Cmcmnatl OH: Natxonal Lead

Company of Ohio. 20 January 1965. - _.—‘_}; -

FMPC Envxronmental Momtonng Semx-Annual Report for Second Half of 1965 Summary
Report for 1965, NLCO-972, Special. Health and Safety Division, Cmcmnatl OH: Natxonal
Lead Company of Ohio. 20 January 1966

: ,‘FMPC Envrronmental Monitoring Seml-Annual Report for Second Half of 1966 Summary

Report for 1966 NLCO-992, Special. .Health a and Safety- Dwrsron Cmcmnatx OH National
Lead Company of Ohio. February 1967

FMPC Enwronmental Momtonng Seml-Annual Report for Second Ha]f' of 1967 Summary
- Report for 1967, NLCO-1013, Spemal Health and Safety Division. Cmcmnan OH: National
Lead Company of Ohio. February 1968.
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Sources of Information . r

FMPC Environmental Monitoring Semi-Annual Report- for Second Half of 1968, Summary

.Report for 1968, NLCO-1036, Special.-Health and Safety Division. Cincinnati, OH: National "

Lead Company of Ohio. February 1969.

FMPC Environmental Monitoring Semi-Annual Report for Second Half of 1969, Summary
Report for 1969, NLCO-1055, Special. Health’ and Safety Division. Cincinnati, OH: National
. Lead Company of Ohio. February 1970.

FMPC Environmental Monitoring Semi-Annual Report for Second Half of 1970, Summary
Report for 1970, NLCQ-1079, Special. Health and Safety Division. Cincinnati, OH: National
Lead Company of Ohlo February 1971

US DOE. Enwronmental Impact Assessment Prepared under guidance of DOE w1t.h assistance
of Battelle Columbus Laboratories and National Lead Company of Ohio. Cincinnati, OH:
Natiorial Lead Company of Ohio. 1977.

US DOE. Env:ronmental Survey Preliminary Report. Feed Materials Production Center,
Fernald, Ohio, EH-24. U. S. Department of Energy, Environment, Safety and Health, Office -
of Environmental Audit. (Presents findings of environmental survey conducted at FMPC .
June 16-27, 1986; air, soilfuses Myrick bkgrnd datal, surface water, hydrogeology, waste
management, waste disposal, contamination sites, 1-2 in. t.hxck) Cincinnati, OH: National
Lead Company of Ohio. March 1987. .

WMCO (Westxnghouse Environmental Management Company of Ohio. Fernald Site
Environmental ‘Monitoring Plan. PL-1002. Rewsmn No. 0. Cincinnati, OH: WMCO.
November 6, 1992. '

Work Sheets - 1975 Environmental Monitoring Report. Radioactive Effluent Report & Onsite
Discharge Report. (50 pages of tables, calculations, analytical data sheets, concentrates
processed in 1973, general sump discharges; Ra in various concentrates; Ra to Pit 5).

FMPC REPORTS ON EMISSIONS and SITE ASSESSMENTS

Barker, J.R. 14 April 1986. Hxstory of FMPC Radionuclide stcharge "Méemorandum to B.J.
Davis. (Cover letter for review of hxstonc discharge report) U. S Department of Energy.[See
Davis 1986} ’

Boback, M.W, T.A. Dugan, D.A. Fleming, R.B. Grant, R.W. Keys, May 1987. History of FMPC
Radionuclide Discharges, FMPC-2082 (Revision to FMPC-2058), UC-11. Feed Materials
Production Center, Westinghouse Matenals Company of Ohio." Prepared for the U.S.
Department of Energy. :

Boback, M.W., D.A. Fleming, T. A.. Dugan, R. W. Keys and R. B. Grant, November 1985.
History of FMPC Radionuclide Discharges, FMPC-2039. Feed Materials Production Center,
Westinghouse Materials Company of Ohio. Prepared for the U.S. Department Of Energy.

Boback, M.W., D.A. Fleming, T. A. Dugan, R.W. Keys and R. B. Grant, November 1986. History
of FMPC Radionuclide Discharges, FMPC-2058, Revision to NLCO-2039. Feed Materials
Production Center, Westinghouse Materials Company of Ohio. Prepared for the U. S.
Department of Energy.

Radiological Assessments Corporation
“Setting the standard in environmental health”
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€

: _ S I SV FL ST TR . -
_Carpenter, T. and ‘D.W. Reicher.:Comments:of the Government. Accountability Project and
Natural Resources Defense Council on the Environmental Impact Statement for the

Department of Energy's Feed Material Productlon Center, Fernald, Ohio. Washmgton, D.C.

- 25 September 1986 PR R B

Clark TR L: Ehkan C.A. Hm and BL Spelcher Addendum to FMPC-2082 UC 702,
Hlstory of FMPC-Radionuclide Discharges - Revised Estimates of Uranium and Thorium Air
- Emissions from 1951- 1987 Cmc1nnat1, OH: Westmghouse ‘Materials Company of Ohio.
MaTCh 1989 S . . L .',‘!A,’,L‘-' . . L

Davxs, BJ Pubhc Radxatxon Exposures from tbe FMPC Hlstonc Aerorne Re]eases - Data
Development. Letter to J. R. Barker. U.S. Department of Energy (Enclosed NLCO-2039,

...1.-- History of FMPC dlscharges and FMPC Dose Calculatlon Assumptxons) [See Barker 1986].
13 February 1986. e St .

~

‘D'olan, L.C.d County Information Gmde fo‘r' ’i‘o:dc Material Releases at tne Feed Materials

‘Production Center. (This document designed to provide information to the community of

- potential for offsite consequences in event of "unusual” event; lists types and volumes of

chemicals stored; population estimates for 5 mile area; hazard analysis of chemicals and
- _soluble U). NLCO-1199, Special Category No UC41. Prepared for U.S. Department of
. .Energy. NLO, Inc. January 1985. - - . L

Dolan, L. C. and C. A. Hill. Addendum to‘FMPC 2082 uc - 11, Idlstory of" FMPC Radionuclide
Dlscharges, Feed Materials Production: Center Westmghouse Materials Company of Ohio.
December1988 . ‘ L . _— ‘

Dodd A.O Ross, KN Evaluatron of env1ronmental uranium contammatlon at the Feed
Matenals Production Center. In Health and Safety Laboratory Symposium on Occupational
:‘Health Experience and Practices in the Uranium Industry, HASL-58, Pp. 175 -178.
- Cincinnati, OH: Natlona\ Lead Company of Ohlo 15-17 October 1958. - ..

Dodd A0. 1958 Annual Report Radlatlon and Efﬂuent Control Section. Memorandum to R.H.

Starkey. (Summary of external radlatxon, hquld effluents, alrborne effluent). National Lead

Company of Ohio. 27 February 1959. - ,.

Facemlre, C.F, S I Guttman, D. R. OSborne, R H. Sperger Blo]ogacal and Ecologlcal Site

Charactenzatxon of the Feed Materials Production Center, Department of Zoology, Miami -
University, Oxford, Ohio. Prepared under contract -to U S. Department of Energy, Qak -

‘Ridge Operations. January 1990.. . .‘.:_ - i; - »

FMPC FMPC Position in 1954 FMPC Posxtxon in. 1959 (4 pages each hst.s productxon
highlights, technical hlghhghts technical activities). National Lead Company of Ohio. 26
December 1967. .

FMPC Position in 1954 Report Operatxons at FMPC cons1sted of samphng uranium
concentrate, refining and denitration, conversion of orange oxide to brown oxide to green
+salt, reduction .to uranium metal and recasting.into ingots, rollling into billets and rods,

mac}umng into finished ,pieces. Recovenng all. scrap and . convertmg to an acceptab]e :

- “refinery .feed reduction of UF6 to UFy, convertmg refined. thonum salts into massive
thorium metal and fabricating fuel elements; 26 December 1967
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Appendix A~ . - S < Page A-63
Sources of Information ' : A

FMPC Historical Data and Costs, no author; U.S. Atomic Energy Commission, Fernald Area
Office; National Lead Company of Chio, Divisional Organization Chart; Line item pro_]ects
No date

Howard, E. M. Site Development and Facxlmes Utilization Plan for the U.S. Department of
Energy Feed Materials Production Center Fernald, Ohlo NLCO.2012 Special. National
Lead Company of Ohlo, Inc Apnl 1984

Mead, J. C. History of FMPC Resndue Recovery Operatxons "NLCO-1096, Feed Materials
Productwn Center, National Lead Company of Ohio. NLCO. 21 June 1971. Radioactivity in
Airborne and Liquid Effluents for Calendar Year 1970 NLO/ICN 2159174 National Lead
Company of Ohio. 25 August 1972

NLCO (National Lead Company of Ohio).’ Dlary Entries and - Log Notes. Daily, handwntten
descriptive comments of inspections of various plants; equipment delivery, safety checks;
entries by J. Kloth, J Seery, A. Roberts, R. Gent.ry) Natlonal Lead Company of Ohio, 1955 -
1956." .

NLCO (National Lead Company of Ohio). Plant Organization Charts NLO/Ferna]d (29 pages). 1
June 1957,

NLCO (Natlonal Lead Company of Ohio). Position .in 1959, Report does not reflect whose
position; 3 page report Techmcal activities; 1959

. Pennak AF. FMPC Pollution Controls. NLCO-1097 Spec1a1 (General description of air

pollutant controls and methods at that time). For Presentation at the EPA Air Pollution
Control Technology Training Session, Cmcmnah OH: National Lead Company of Ohio. 11
December 1972,

Pomeroy, S.E., T.L. A'nderSon, M.A. Eischen, J.M. Stilwell and D.A. Tolle. Final Report on
Ecological Assessment at the Feed Materials Production Center Cincinnati, Ohio. Report to
National Lead Company of Ohio. Columbus. OH: Battelle Columbus Laboratories. 30
September 1977.

Semones, T.R. and E. F. Sverdrup. Uranium Emissions  from Gulping of Uranium Trioxide,
FMPC/Sub-019. Cincinnati, OH: Westinghouse Materials Company of Ohio. December 1988.

Alvarez, R. and Arjun Makhijani, Technology Review; - Hidden Legacy of the Arms Race

Radioactive Waste; Troubles at the Tank Farms, dumping into soil and groundwater,
earthquakes and explosions, cleanup plan, dangers of radioactive cement;
August/September 1988.

Bertell, R., Amencan Industrial Hyg1ene Assocxatlon Journal report; The nuc]ear worker and
1omzmg radxatmn, 1979.

 Citizen's Clearinghouse for Hazardous Wastes, Inc. CCHW; 25 page report; Center for Disease

Control: Cover-Up; Deceit and Confusion. Lois Marie Gibbs, Executive Director. (Health
studies attempt to determine whether there's a cause-and-effect relationship between toxic
exposure and illness). No date.

Radiological Assessments Corporation
“Setting the standard in environmental health”



e
o2
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ol

K Connor, T. The Bulletln of the Atomlc Sclentxsts‘ artrcle, Nuclear Workers at Risk; Federal.

officials are accused of abusing the science of radiation and health as well as the safety of
workers and communities near weapons plants. September 1990
Olshansky, S.J. and R. G. Williams, The Bulletin of the Atomlc Scientist artlcle Culture Shock
~ at the Weapons Complex; Developing a comprehensive database on health and making it
- public, "is just one way Energy Secretary rJames Watkms is shakmg up the department
September 1990. R FRRTS .
RWC Waste Paper, Cnsrs at the Nuclear Bomb Plants, Several artrcles wrth topxcs such as
“Waste Pit 5 at the Feed Materials Production Center in Fernald, Ohio, Waste Isolation Pilot
- Plant in Carlsbad, New -Mexico, Oak Ridge as the ﬁrst atomic cxty, Rocky Flats Nuclear
.. Weapons Plant; Winter 1988-89. A Do r :

.-Sea; G. Fernald Atomic Trades & Labor Counctl report Uramum Health Effects Background

Paper. No date. - o T

ety

PR ASI/IT Engmeenng Evaluatron/Cost Analysxs South Plume Feed Matenals Productlon Center,

Fernald, Ohio. In response to FFCA, DOE evaluating removal action for "south uranium
plume” prior to RI/FS completion). Prepared for. U.S. Department of Energy, Oak Ridge
Operations by Advance Sclences, Inc. & Internatwnal Technology Corp . FMPC 0003 6.
August 1990 . NERE SV .

: Dames & Moore, rWhnte Plams, NY "'Feed: 'Ma"ter'lals Production Ce.ntei' Groun‘dwater Study -

Task C Report. Prepared for US Department 'of Energy. July 1985. (Report on source of
uranium in plant s sewer system )

B4 3

Dames & Moore Results of RCRA Samplmg Feed Matenals Productron Center, Fernald Ohio,

Sand and Gravel Aqurfer, Pearl River, NY Dames and Moore; August 1985

o Dames & Moore Results of RCRA Samplmg Feed Matenals Production Center, Fernald Ohio,

Pit # 4; Pearl River, NY: Dames & Moore; August 1985. (First of series of quarterl7y reports

decribing groundwater monitoring being conducted at FMPC. Since Pit 4 subJect to RCRA -

regulatlon 4 momtonng wells sampled mcludes soil classrﬁcatron for bonngs) o

! ‘ Dove, G.G. and S: E Noms September 1951 Condrtlons Govermng the Occurrence of Ground

Water in the Fernald Area, Ohio, With Reference to the Possibilities of contamination by

stposal of Chemical Wastes, . U.S. Geologlcal Survey, Ground Water Branch Columbus' ’

Ohlo REF ITmtenm report 1986 ERSTN

Dmsron of Water, Technical Report 4. REF: IT interim report 1986.

Eddy, P.A., L.S. Prater. Draft Summary of Ground-Water Momtormg Practrces at Department

-of Energy Facilities. PNL-4251 (D), Rlchland WA Pacific Northwest Laboratory April
.-1982. . ‘ . PR S o

Engineering, University of Cincinnati sent report to J. 'A. Quigley; 24 pages, incl. diagrams of
plant wells & waste disposal area, pumping tests of main production wells, U analysis of
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Appendix A . o _ Page A-65
Sources of Information -

water samples, Paddy's Run Creek water & algae samples analyses for radium, U, alpha
and beta, and soluble and total U content of soil samples from FMPC site).

'Eye, d. D 16 August 1961 Revxew of Hartsock report of Feb 1960. Letter to R. Starkey.
University of Cmcmnatl

Eye J.D. 23 January 1961. Report on the ground water pollutwn potential in the Feed Materials
Production Center operated by the National Lead Company of Ohio., NLO/ICN 2115249,
(Preliminary report dated 22 August 1960 included). Cincinnati, OH: College of
Engineering,, University of Cincinnati.

Eye, J.D.'1961. Special Report on the Occurrence and Movement of Ground-Water in the FMPC
Area. (Review of 3 previous groundwater reports he wrote; firmly believes that "all potential
pollution hazards to the groundwater must be eliminated..”). University of Cincinnati.

_ Facemire, C. F., 26 February 1985. Report to the Manager: Aquifer Contamination Control. (U

and chemical results from production, test and offsite wells,storm sewer outfall, Paddy's
Run, Great Miami River). Feed Materials Production Center, Fernald.

Geotrans, INC. 1985. Preliminary Characterization of the Ground Water Flow System near the’
Feed Materials Production Center, Great Miami River Valley- Fill Aquifer, Fernald, Ohio,”
prepared for the Ohio Environmental Protection Agency, Southwest District office, Dayton,
Ohio. REF: IT interim report, 1986.

Hartsock, J.K. 15 February 1960. Geological Considerations. of Waste Control at FMPC. TID-
12297. (Movement of ground water; geologic survey; environmental problems with-
suggested approaches; radium storage tanks as hazard with " gapmg crack through which
seepage...poured out”). US Atomic Energy Commlssxon

IT Corporation. 1 August 1988. Hydrogeologic Study of FMPC Discharge to the Great Miami
River Final Report. (Purpose of study to determine if the discharge from the FMPC effluent
pipeline is located within the zone of influénce of the production well field operated by the
Southwestern Ohio Water Company {SOWC] or any other major production field; modeling
studies; 35 water samples); RAC also has draft version dated 1 October 1987 Prepared for
FMPC, WMCO under contract to U.S. Department of Energy. :

Miami Conservancy District, 1985 Hydrologxc Data for the Hamilton-New Baltimore Area --
1984, The Water Conservation Subdistrict of the Miami Conservancy District, Dayton, Ohio.
REF: IT mtenm report, 1986. .

Sedam, A.C. 1984 QOccurrence of Uramum in Ground Water in the Vicinity of the U.S.
Department of Energy Feed Materials Production Center, Fernald, Ohio. Administrative
Report prepared for the U.S. Department of Energy. (Results of offsite domestic wells
sampled during December 1981 by plant operator and. during August 1982 by U.S.
Geological survey revealed 54 to 320 mlcrograms/hter dissolved uranium; confi ned to area
of 100 acres south of FMPC.

Solow, A.J.; Phoemx, D.R. Charactenzatwn mvestvgatlon study, Vqume 3: Radiological
charactenzatxon of surface soils in waste storage area. Document FMPC/SUB-008;
Westchest.er PA: RoyF Weston, Inc. 1987.

Radiological Assessments Corporation
“Setting the standard in environmental health”™
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C
Spenceley. R. M Results of well sampling. Letters to residents in'the area of the FMPC. Samples
: collected Feb 1982 - Dec 1984. i '

Spieker, A.M. 1968. Ground-water hydrology and geology of the Lower Great Miami River
Valley, Ohio,: U.S. Geological Survey, Professional paper 605-A. REF: IT interim report,
1986

preker, AM,; NomsSE Ground water movement and contammation at the AEC Feed
Materials Production Center Located near Fernald, Ohio, U.S. Geo]ogical Survey, 1962.
"+ Professional paper 605-c. REF: IT mterlm report 1986

" Starkey, R.H., C. Watson, R.C. Coates EB Rlestenberg,J W Robinson. 30 September 1962.

.- Report of FMPC -Ground Contamination Study Committee. (Detailed history of ground

- contamination concerns with .recommendations; flows in Miami River from Miami

Conservancy District; suggest efficiency tests should be done on Plant 8 wet scrubbers; 9

-+ -miles of sewer lines designed -to flow:by: gravity to Paddy’s Run; detention sump :but no

means to empty; all rainwater discharged to ditch; then to Paddy's Run;lift station installed

at MH 34 in August 1955; good narrative of ground water contamination; bimonthly Cl and

nitrate levels in Test Well 1 and" production weils from Aug 1959 to Sep 1962) National

Lead Company of Ohio. - R

U.S. Department of the Interior Geological Survey. Columbus, Ohio.Soil & Maten'a] Engineers

‘ Ine. 31 July 1985.:Hydrogeologic Investigation of the Proposed Storm Water. Collection

. Basin. (Determined the thickness and extent of perched water table aquifer, estimated

quantity of groundwater flow, assess 6 observation wells). Prepared by So:l & Matenal
Engmeers Inc Cmcmnatx Ohio for NLO Inc

Wexdner, R. B 8 February 1983. Report to the Manager Aquifer Contammatxon Control
National Lead Company of Ohio. (Analytical chemical and U results of test and production
'welis, offsite wells, Great MiamiR., storm sewer outfall and Paddy's Run). -

Beers HM. 2 May 1961. Ground Contamination Incident - Plant 8. Memorandum to C.R.

Chapman. (Spill of acid filtrate (pH 1 5) from preclpitator vent line on 28 Apr 1961; 50 g/l _

U) Natxonal Lead Company of Ohio . ' 7 N ’
Chapman C. R to J.A. Quigley, Memorandum, : Field Test on Utiiization of Contam.inated 0il
asa Dust Palhatwe, 11 August 1960. '

.,-‘<

EEET A T RO
: Comments -on Ground Contamination:in‘i Process Areas ‘Biweekly- reports on ground
contamination surveys of process areas; includes 2-3 pages text and external contamination
survey diagram for each plant; some have graph of estimated U losses). Most from R.H.
Starkey to J.A. Quigley. We have April-November 1961. National Lead Company of Ohio.

Cuthbert J.H. and J.A.‘ Quigley. ‘18 fJu]y::lQGi. Ground . ‘contamination - Pilot Plant.
Memorandum toJ H. Noyes. Cincinnati, OH"National Lead Company of Ohio. .

Davis, J.0. 18 September..1957.Ground Contammation Memorandum to FL Cuthbert.
Cmcmnati OH: National Lead Company of Ohio.
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DeFazio, P. G. 10 January. 1961. Contammated Oxl Memorandum to J. H. Noyes. Cincinnati,
OH: National Lead Company of Ohio.

Dodd A.O. 15 July 1959. Summary of Ground Contamination Survey Program. Memorandum to
R.H. Starkey. Cincinnati, OH: National Lead Company of Ohio.

Fischoff R.L. 7 March 1961. Ground Contamination. Memorandum to R.H. Starkey. Cfncinnati,
OH: National Lead Company of Ohio. )

Fischoff, RL. 9 August 1961 Ground Contammatlon Memorandum to R.H. Starkey
Cincinnatt, OH: National Lead Company of Ohio.

 Flowers D.L. 21 June 1961. Ground Contamination. Memorandum to R.H. Stari(ey.‘ Cincinnati, .

OH: National Lead Company of Ohio.

Heatherton, R.C. 29 April 1957. Pilot Plant Ground Contammatlon Survey. Memorandum to

- J.0. Davis. Cincinnati, OH: National Lead Company of Ohio. -

Inspection Report - Technical Division Ground Contamination Committee. (Reports of quarterly.'
inspections of ground contamination;descriptive narrative for specific areas; somewhat
useful). March, June 1961.

Jeffers, OH. 1 May 1961. Letter to J.A. Quigley.. Discussion Following Inspectien of Paddy's
Run Re Possibility for Continuous Measurement of Surface Flow. (Extremely poor copy).
U.S. Department of the Interior, Columbus, Chio.

. Karl, C.L. Field Tests on Utilization of Contaminated Qils as Dust Palliatives. Memorandum to

J.H. Noyes. Cincinnati, OH: National Lead Company of Ohio. 14 June 1960

Karl C.L. 5 September 1962. Letter to J. H. Noyes. Geologist Consultations on Ground
Contamination Control. (Extremely poor copy). National Lead Company of Ohio.

Lehman, L. and E. Hansen. 1988. Secondary ‘Concentration of Air-Released Uranium Through

Watershed Runoff at the Feed Matenals Productton Center, Fernald, Ohio.
NLCO (National Lead Company of Oh:o) Mmutes of . the Techmcal Division Ground
Contamination Committee Meeting. (Monthly Reports; recommendations for specific
~ problems, person responsible, action, status; some are useful). Most available for 1961.

NLCO (National Lead Company of Ohio). Summary of Ground Contamination for Months of
September, October 1955; March, April 1956; August 1957.

Noyes, J.H. Idea letter- ground contamination control. Letter to CL Karl. Cmcmnatl, OH:
National Lead Company of Ohio. 19 February 1962. .

Quigley J.A. Ground Contammatlon Summary. Report to J. H Noyes Cincinnati, OH: National
Lead Compamy of Ohio. 21 June 1961. L

Quigley J.A. Status of Ground Water and Stream Contamination Studies. (Re source of

contamination of Test Well #1; 36C1 added to clearwell of Pit #3 but none found after 6

Radiological Assessments Corporation
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i

~ weeks; some in Test We]l #5. adjacent to clearwell) Cmcmnatr OH: Natlonal Lead
" 'Compamy of Ohio. 18 September 1962. .

< e s ‘
R T

‘Sapirie, S.R. Geologist Consulation on ground contamination control. Letter to C.L. Karl.
. (Suggests locating a gauging.. station on Paddys Run). Oak Ridge, TN: U.S.
Government/Oak Ridge Operatlons 17 May 1962 B

Shaw W.E. Memorandum to F.L. Cuthbert. Ground Contamination in Process Areas (Concerns
" of Technical Division of large contammated areas near Pilot Plant, Machme Shop and P]ant
6). National Lead Company of Ohio. 23 June 1961. ‘

Shaw W.E. Minutes of the Techmcal DlVlSlOﬂ Ground Contamination’ Commxttee Meetxng,
‘ September 25, 1961. Cmcmnatl OH: Natlonal Lead Company of Ohlo 3 October 1961

Spenceley, R.M Ground Contamination Survey - Rolling Mill Area. Memorandum to A.S Yocco
Cincinnati, OH: National Lead Company of Ohio. 8 June 1959. ,

Spenceley, R M. Ground Contammatlon Survey Machlmng Area. Memorandum to G. C Coon.
Cmcmnatl, OH: Natronal Lead Company of' Ohio. 8 June 1959 :

-Starkey, R.H. Ground Contammatxon Around Pilot Plant. Memorandum to J.0. Davis. .

Cmcmnat:, OH: Natrona] Lead Company. of Ohro 26 May 1958.

Starkey, R.H. Ground Contammatron Memorandum to JA Qurgley, MDCmcmnatx OH
coL Natxonal Lead Company of Ohio. 8Aprﬂ 1959

A Starkey'R.H.' Comments on Ground Coritamination in Process Areas. Mer'noran.dum to J.A.
Quigley. Cincinnati, OH: National Lead Company of Ohio. 19 April 1961.

. Starkey R.H. Comments. on Ground Contammatxon in Process Areas Memorandum to J.A.

Quigley. Cincinnati, OH: Natlonal Lead Company of Ohio. 22 May 1961.

Starkey R.H. Comments on Ground Contamination in Process Areas. Memorandum to J.A.
Qulgley Cmcrnnatl OH: Natxonal Lead Company of Ohio. 23 June 1961

.Starkey R.H. Comments on .Ground Contammatron in Process Areas. Memorandum to JA.

'Quigley. Cincinnati, OH: National Lead Company of Ohio. 24 July’ 1961.°

Starkey R.H. 25 September 1961. Comments on Ground Contamination in Process. Areas
: Memorandum tod. A. Qulgley Cmcxnnatl, OH Natmnal Lead Company of Ohlo T

Starkey R.H. Comments on Ground Contammatlon in Process Areas. Memorandum to J.A.
Quigley Cincinnati OH: National Lead Company of Ohio. 25 October 1961.' . :

- “."‘_Starkey RH, Comments on Ground Contammatlon in Process Areas. Memorandum to J.A.

Quigley. Cincinnati, OH: National Lead Company of Ohio. 22 November 1961

Starkey, R. H. Comments on Ground Contamination in Process Areas. Memorandum to J. A.
' Quigley. (16 pages, diagrams' ‘of ‘contamination” of "external areas of all Plants and
Experimental Machine Shop). Cmcmnatr OH: Natronal Lead Company of Ohio. 19 March
1964.
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Starkey, R. H. Comments on Ground Contamination in Process Areas. Memorandum to J. A.
ngley (Comments on two ground contamination surveys; marked reduction in U losses
via storm sewer, 4 pages). Cincinnati, OH:National Lead Company of Ohio. 27 December
1962,

Starkey, R. H. Comments on Ground Contamination in Process Areas. Memorandum to J. A.

Quigley. Cincinnati, OH: National Lead Company of Ohio. 22 October 1962.

Tippenhauver, D.A. Underground SS Material Loss. Production Engineering Department
Completion Report. Cincinnati, OH: National Lead Company of Ohio. 9 April 1957.

WMCO (Westmghouse Materials Company of Ohio). What are the fly ash pits? Reponse to
inquiry by the FMPC Environmental Safety & Health Advisory Committee. Cincinnati, OH:
Westinghouse Materials Company of Ohio. 30 March 1989.

GUMEILM
Barry, E. V. Fallout Program. Memo to J. A. Quigley. NLO/ICN 2127029. 8 December 1953.

Barry, E.V. Gumpaper Fall-Out Samples. Report to R.C. Heatherton. 1 page. Cincinnati, OH:
National Lead Company of Ohio. ICN 2240511. 25 February 1954.

Barry, E.V. Fall-Out Saraples. Re'poft to R.C. Heatherton. Work Request 22-54-12. Cincinnati,
- OH: National Lead Company of Ohio. ICN 2240510. 23 March 1954.

Boback, M. W. Fallout Sampling. Memo Route Slip to H W. Hibbitts (ORO-AEC) and M. S.
Nelson (NLO). Cmcmnah OH: National Lead Company of Ohio. NLO/ICN 2159238 9 July
1974.

Boback, M. W. Sampling fof Weapons Fallout. Mound-NLO Contact Report to IB Robinson. 1
page. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2152703. 22 November
1976.

Boback, M.W. Detection of Weapons Test Fallout. Letter to J.F. Wing, U.S. ERDA, Oak Ridge,”

TN.,Cincinnati, OH: National Lead Company of Ohio. ICN 2115737. 9 February 1977

Comar, C. L. Fallout from Nuclear Tests. Washmgton DC: U.S. Atomic Energy Commxssxon
NLO/ICN 2670764. :

Culler, F. L. AEC Fallout. Ioformatxon and Response Network. Letter to J. A. Lenhard, U.S.

Atomic Energy Commission, Oak Ridge, TN. Oak Ridge, TN: - Oak Ridge National -

Laboratory NLO/ICN 2187593. 20 July 1973.

Deal, L. J. Collectlng and Reporting Fallout Data from Chines.é Tests. Memo to J. R. Roeder, R.

M. Moser, R. E. Tiller, M. E. Miles, W. J. Larkin, W. H. Travis, P. G. Holsted, R. W.
Hughey, and G. H. Giboney. Washington, DC: U.S. Atomic Energy Commlssxon NLO/ICN
2187594. 19 June 1973.

Fallout Samples. 6/18/74 to 7/9/74. NLO/ICN 2159199. Cmcmnab OH: Nataona] Lead Company
of Ohio. 1974.

Radiological Assessments Corporation
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Fletcher, H. D..Freedom of Information Reddest Letter to S. F. Audia, NLO, Cincinnati, OH.
Oak Ridge, TN: U.S. Atomlc Energy Comm1551on NLO/ICN 2129439 28 October 1976.

Frexwald A. Fa]]out Over Fernald Artrc]e in T_h_e;Am_e_m;nn_Lam; “July/August 1990.
NLO/ICN 2890236

' Hall M. Fa]lout From Fernald. Artrcle in th_'_Lmz NLO/ICN 2890413 Cmcmnatx OH:
West.mghouse Matenals Company of Ohlo July

4-'Heatherton R.C. Perimeter Air Samphng and Fa'llout. Data. Letter to E. H. Luetje, U.S. AEC.
Cincinnati, OH: National Lead Company of Ohio. ICN 2126394. 25 January 1957.

. Heatherton, R.C. Fallout Sampling. Memorandum to S.F. Audia." M.W. Boback’s Contact
“ Report., 11/22/76. Cincinnati,r OH: National Lead Company of Ohio. ICN 2115742. 22
November 1976.

" Huskey, d. T. Filter Housing Quality, Barneb'ey;Cheney, Columbus, OH. Memo to A. J. Stack.
-The 'Rust - Engineering Company. NLO/ICN: 2223457. Cincinnati,” OH: Westinghouse
Matenals Company of Ohxo 16 September 1985

Jones, D. L. Revxsxon to Ohro EPA NPDES Month]y Report, (December 1985) Letter to B. J.
Davis, Oak Ridge, TN. Cmcmnatx OH Westmghouse Mat,enals Company of Ohio.
NLO/ICN 2218609 144J anuary 1986. :

. Karl C. L Statement to be Used in Reply t.o Inqumes Concermng Recorded Fallout. Data Letter
to G.W. Wunder. Cmcmnat: OH Natxonal Lead Company of Ohio. ICN 2126760 30
‘November7 1957 . ;. 3
" Karl], C. L. Annual Hea]th Protechon Revnew-1963 LettertoJ H Noyes NLO Cmcmnatx OH.
' Oak Rxdge,TN US Atomic Energy Cornmlssron NLO/ICN 2152000 8Apnl 1963.
Karl C L Dlssemmatlon to the Public of Data on Envnronmenta] Levels of Radxoactmty Letter
toJ H Noyes NLO Cmcmnatl OH NLO/ICN 2623655 8 June 1960.

Karl C L. Re]ease of Information Concermng Fallout.. Lett,er to J.-H. Noyes NLO Cmcmnah e
OH Oak Rldge, TN: US At,omxc Energy Commxssmn NLO/ICN 2128842 1 May 1959.
' Ke]ler C A. AEC Fallout Informatlon and Response Net.work Letter to B N. Stlller Oak
Ridge, TN: U.S. Atomic Energy Commission. NLO/ICN 2187596 8 June 1972."

Keller, C. A.-AEC Fallout Information :and Response Network. Létter to M. S. Nelson, NLO,
. Cincinnati, OH. Ozak Rldge, TN US “Atomic Energy Commlsswn NLO/ICN 2152065. 8
“June 1972. . - Lree T

Keller, C. A. Intenm Safety Guidelines for Operat.lons in AEC Owned Nuclear Facilities Other
Than Reactors. Letter to M.'S. Nelson, NLO, Cmcmnatr, OH. Oak Ridge, TN: U.S. Atomic
Energy Commission. NLO/ICN 2152066.:2 June 1972. A

: Keller,'C. A. Route Slip to Hibbits. ‘Attached to Letter from M. S. Nelson to C. A. Keller AEC
Fallout Information and Response Network: dated 10 July 1972. NLO/ICN 2187598.
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Komitor, M. A. Material Fallout Investxgatlon- G371. Project Completlon Report. NLO/ICN
2218411. 9 February 1965. . .

Kreuzmann A. B. Mmutes of Safety Meetmg Cincinnati, OH National Lead Company of Ohio.
NLO/ICN 2646690. 24 February 1981.

Lenhard, J. A. AEC Fallout Information and Response Network. Letter to A. M. Weinberg,
Union Carbide Corporation, Oak Ridge, TN. NLO/ICN 2187600. 6 June 1972,

Love, G. Detection of Weapons Test Fallout Radleactmty ERDA Contact Report to M. W,
Boback. 1 Page. Cincinnati, OH: National Lead Company of. Ohio. NLO/ICN 2152851 10
February 1977.

Love, G. Termination of Special Fallout Sampling. ERDA Contact Report to M. W. Boback. 1
Page. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2152707. 24 November
1976. . '

Love., G and J. Wing. Air Sampling Results - Fallout. ERDA Contact Report to M.W. Boback.
Cincinnati, OH: National Lead Company of Ohio. ICN 2115729. 22 November 1976.

Ludlow, R. Fernald Fallout Demed Newspaper Article i in The Post. NLO/ICN 2360306. 10 June
1989. .

Nelson, M.. S. AEC Fallout Information and Response Network. Letter to C. A. Keller, U.S.
Atomic Energy Commission, Oak Ridge, TN. Cincinnati, OH: National Lead Company of
Ohio. NLO/ICN 2152061. 10 July 1972, :

NLO (National Lead Company of Ohio). Sample Repoft. Fallout Tfays. NLO/ICN 2240500..

Cincinnati, OH: National Lead Company of Ohio. 20 August 1954,

NLO (National Lead Company of Ohio). Gumpaper Analytical Data Sheets. Health and Safety
Division. NLO/ICN 2240514-2240516. Cincinnati, OH: National Lead Company of Ohio.
April 1954,

- NLO (National Lead Company of Ohio). Sample Report. Inside Prod. Area Fence. NLO/ICN
2240505 Cmcmnatl, OH Natlonal Lead Company of Ohio. 10 August 1954.

NLO (Natxonal Lead Company of Ohxo) Summary of NLO Environmental Air Samphng and
Fallout Sampling in 1959. 5 pages. NLO/ICN 2623654. Cincinnati, OH: National Lead
Company of Ohio, 1960." ,

NLO (National Lead Company of Ohio). Status report of 11/1 indicated that weekly checks of
painted panels placed throughout the plant area have not indicated any fall-out harmful to
painted surfaces. Weekly checks will continue. Cincinnati, OH: National Lead Company of
Ohio. 20 November 1965.

- Noyes, J. H. Discontinuance of the FMPC Fallout Tray Program Letter to C. L Karl USAEC,
Cincinnati, OH. NLO/ICN 2154271. 3 November 1965. .

Noyes, J. H. Matenal Fallout Investigation (G-371). Request for Engineering Serv1ces
NLO/ICN 2218412. 18 September 1964.

Radiological Assessments Corporation
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I

Noyes, d. H. Release ‘of Information Concermng Fallout. Letter to C.-L. Karl, USAEC,

Cmcmnatl OH. NLO/ICN 2128840. 1 May 1959
Noyes, J. H. Transmittal of Industnal Hygxene & Radratlon Department Procedure Manual.
LettertoC L. Karl, USAEC Cmcmnatl OH. NLO/ICN 2154272. 11 October 1965.

Pollock, R. P. Request for Release of All Records Relatmg to Radioactive Fallout within -the
Continental United States due to Atmospheric Detonation of a Nuclear Device by the
Peoples Republic of China on ‘September 26, 1976. Letter to U.S. Energy Research and
Development Administration, Washmgton DC. NLO/ICN 2657055. 7 October 1976.

Ross, K. N. Chinese Fallout.’ Report of Isotoplc Analyses Cmcmnatl OH Natxonal Lead
.Company of Ohio. NLO/ICN 2159182 .27 October 1976. ‘

Rubin, J. H. Collectmg and Reportl ng of Fallout Data from Chinese Te'stmg Memo to Managers
. of Field Offices and Directors of Divisions and Offices, HQ Washington, DC: U.S. Atomic
Energy Comm:ssxon NLO/ICN 222316" 15 May 1972 ( S .

" Saparie, S.R. Inquiries regardmg Fallout From Atomlc Tests. To Area Managers of seven

. mnucelar facilities. Oak Ridge, TN: U.S. Atomxc Energy Commission.NLO/ICN 2126787. 14
February 1955. . i -

Spenceley, R. M. Stack Monitoring and Sampling. Letter to J A Reafsnyder,' U S Department
. of Energy, .Cincinnati, OH. Cmcmnatl, OH: NLO (National Lead Company of Ohio).
NLO/ICN 2223517 22 November 1985. . o AR ,

' Starkey,R H. Dnscontmuance of Fallout Tray Program Memo to J. A. Quigley. Cmcmnatl OH:

- National Lead Company of Ohio. NLO/ICN 2159274. 15 October 1965.

) .IStarkey, R. H. Specxal Fallout Study Memo to All IH&R Department Personnel“Cmcmnatx

OH: National Lead Company of Ohio. NLO/ICN 2128785, 17 March 1960.

' . Stlller, B. N. AEC Fallout Information and Response Network. Memo to C. A. Keller, Oa:k Ridge

Operatlons U. S At.omxc Energy Commxssmn NLO/ICN 2187595. .19 July 1972.

..\A

- Oak Rldge, TN. Piketon, OH: Goodyear Atomxc Corporatlon NLO/ICN 2187597 13 July
972, - , : - :

AWemberg, A. M. AEC Fallout Informatxon and Response Network Lettet to J A. Lenhard,

USAEC, Osak Ridge, TN. Oak Rxdge TN: Ozk Ridge National Laboratory. NLO/ICN
2187599, 30 June 1972. D L

" .,.._,: .

,Wxng,J F. FMPC Slte 'Envxronmental Impact Assessment Conference Call--J. Boyle (ORNL) J.

_Wing (ORO), M. Boback, and A. F. ‘Pennak (NLO). ERDA Contact Report to A. F. Pennak. 1
Page Cincinnati,, OH: National Lead Company of Ohio. NLO/ICN 2152709, 6 December
1976. L o e ,

V_:.ng, J. F. and G. Love. Air Sampling Results--Weapons Fallout. ERDA Contact Report to M.

‘W. Boback. 1 Page. ancmnatl, OH: Natxonal Lead Company of Ohio. NLO/ICN 2152705. 22
November 1976.
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Sources of Information '

Wing, J.F. Fallout From Chinese Bomb Test. ERDA Contact Report to M.W. Boback. Cincinnati,
OH: National Lead Company of Ohio. NLO/ICN 2115747. 5 October 1976.

Wunder, G. W.' Correlation Between Two-Stage Air Samphng Data and the Excretion of
Uranium in Urine. Letter to J. H. Noyes, NLO, Cincinnati, OH. New York: National Lead
Company. NLO/ICN 2152001. 17 Apnl 1963.

Audia, S.F. Uranium content of burn plt residues. Memorandum to C.R. Chapman Cincinnati,
OH: National Lead Company of Ohio; 6 September 1967.

Bipes, R.L. Air dust Evaluation of Smoke Plume_. Trash Incinerator. Memorandum to K. E.
Brandner. Cincinnati, OH: National Lead Company of Ohio; 18 July 1962.

Klein, F.J. Uranmm Fallout Study in Adjacent mety of the Oil Burner and the Incmerator
Memorandum to R.L. Fischoff. 1 page. Cmcmnatn OH: National Lead Company of Ohio;
ICN 2118685. 12 July 1963.

Klein, F.J. Uranium Fallout Study in Adjacent Vicinity of the Oil Burner and the Incinerator.
Memorandum to R.L. Fischoff. 1 page. Cmcmnatl, OH: National Lead Company of Ohxo,
ICN 2118694. 1 May 1964

Klein F.J. 1 May 1964. Memor‘andum‘ to R.L. Fischoff, Uranium Fallout Study .m Adjacent

Vicinity of the Oil Burner and The Incinerator. (Lists concentration range and averages at

five locations). NLO/ICN 2118894. Natlonal Lead Company of Ohio.(Dup of above).

Boback, M.W. 18 October 1972. Low-Cost Incinerator Units for Disposal of Waste Graphite and
Qils. NLCO-1093. Prepared for presentation at the AEC Pollution Control Conference, oak

Ridge, October 25-27, 1972. (Overview of incineration of contaminated oxl and graphite in -

incinerators onsite).

Neblett, F.W. to Boback, M.W. 8 October 1985: Esti.mate for Historical Releases - Graphite
Burner and Oil Burner. (Block diagrams depicting estimated releases to atmosphere from
burner located north of bonler plant.)

" Brandner, K.E.; Bipes, R.L.; Williams, L. Incmeratxon of waste contaminated oil. Prepared for.

presentatxon at the elghth annual AEC air cleaning seminar, Oak Ridge National
1aboratory NLCO- 894 Cmcmnatl, OH: National Lead Company of Ohio; 18 September
1963

Catalytic Construction Co. 5 March 1952. Engineering Report on Incinerator Requirements
Feed Materials Production Center - Fernald, Ohio. Job #3039. (Outlines FMPC needs for
waste disposal; diagram of incinerator plant. layout). Catalytlc Construction Company,
Philadelphia.

- Chapman, G.R. Contaminated Qil. Memorandum to J.N. Noyes. 31 January 1961.

Davis, J.0 and W. E. Palmer. Evaluation of Uranium Content of Various Plant Incmerator
Residues. Memorandum to J.B. Stevenson. (Chemical analyses of incinerator dumpster ash

Radiological Assessments Corporation
“Setting the standard in environmental health™
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and burn pit dumpster ash; gL U, %U lsotopxc % U 235, total 1b. ) Cmcmnatx OH: National
Lead Company of Qhio. 9 Apnl ‘1968." ,

Fxschoﬁ' R.L: Radioactive Contamination in Scrap Burnmg Pit. Memorandum to RH Starkey.
“Cincinnati, OH: National Léad Company of OhIO 13 Apnl 1962 o

.. Heatherton, R.C. Survey of air contammatxon from burning uranium chips to convert to oxide.

Memorandum to J.A. Quigley. (Axr dast samp]es in vicinity of burning chips on storage pad;
burn ‘test’done on_November 11). Cmcmnatx OH: Natlonal Lead Company of Ohio; 17
November 1952.

e

. Kar] C.L. 011 Burmng Memorandum to J H. Noyes Cmcmnatl OH National Lead Company '

N

"of Ohio. 30 December 1963 g
Karl, C.L. Incineration of uranium_ metal, Memorandum to dJ.L. Bloom (Materials
‘Representative, San Francisco Offi ce) (Design of gas oxidation furnace described; furnace
engineered, fabricated and installed for $17;334; capacity about 600 1b. U chlps sludges or
turning per 24-hr day; exhausted through static bed filters before being exhausted to

B . atmosphere) Clncmnatl OH: Natxonal Lead Company of Ohio; 12 May 1958

Klein, F.J. Uramum Fallout Study in Adlacent Vicinity of the Oil Burner and the Incinerator.
. Memorandum to R.L. Fischoff. (Feb—May air monitoring survey indicated both are sources of
LU contammatlon, U from il burner’ fi ive times hlgher than from mcmerator) Cincinnati,
" OH: National Lead Company of Ohio; 12 July 1963. L. : -

Levy, L.M.,, Handwritten notes on quantity through oul burner, Cmclnnatr, OH Natlonal Lead
Company of' Ohlo 30 March 1964 e

Levy, L.M., Handwritten notes on quantxty through oil burning at the FMPC; Cincinnati, OH:
Natlonal Lead Company of Ohxo, 9 J anuary 1963 . L

Monnik, H.J. Incinerator General Drmensxons and Location, AEC Contract AT(30 1)—1060
Cata]ytlc Construction Company. Contract #3000; Job #3039. Memorandumto D.C. Moore,
~U.S. Atomic Energy Commission; Cmcmnatr OH: Natlonal Lead Company of Ohro 25 June
1952, ’

Moore, D.C. Incinerator Desxgn and Locat:on, Job #3039. Memorandu»m':to H.H. Erckhoﬁ' AEC
Contract AT(30-1)-1060 C.C. Co. Contract #3000 Catalytlc Constructlon Company 30 June
1952

NLO (National Lead Company of Ohxo) Addmonal Stack Loss Estimates For Solid Waste
. Incinerator. Cincinnati, OH: National Lead Company of Ohio. 25 February 1985.
: ‘ ' - S N

“NLO (National Lead Company of Ohio). Analjtical Laboratory data sheets of air dust sample °

analyzed for alpha from chlp burner Cmcmnatl, OH Natronal Lead Company of Ohio.
January to May 1953 ‘

;'.!(‘."‘_ oo

NLO. Summary of mformatxon from Pennington, Welsman Grant, and references regarding oil

. burner(3/31/62), graphxte burner (11/1/65) and old mcmerator ( 11/16/54) Dates of startup in-

parentheses

.
,,..,\' A
[

LR Y

Kl

g
5
3




Appendix A N N Page A-75
Sources of Information

Riestenberg, E.B. to, H. Martin, Memorandum; Resume of Oil Burner and Incinerator
Operatlons Dunng the Month of April, 1964, 06. May 1964.

Ross, K. N. 12 April 1966. Stack Loss from Graphlte Burner. Memorandum to R.H. Starkey.
(Stack samples from graphite burner; average of 488 ug U/m3 effluent loss; not operating
* until 1965 so not 1mportan|: for Task 2 report).

Ross, K. N. 17 May 1976 Part:culate Emissions . From- Burmng Paraﬁin in the Oil Burner
Enclosure. Memorandum to M.W. Boback. (Emission velocity of 350-400 ft/min, stack temp
estimate; still above Ohio EPA std of 0.2 1b/100 Ib; emission loss of 1.8 Ib/hour).

Ross, K. N. 20 May 1971. Partlculate Emissions From the Incinerator Stack. Memorandum to
M.W. Boback. (Results of 5 test on stack, all'5 greater than Ohio EPA limit of 0.1 1b.
partrculates/lOO 1b burned; average loss U is 0.94 1b/day).

Sapirie, SR. Study of Incmerators ‘used for . burmng contaminated combustible wastes
Memorandum to Be]c’her, Karl), Thalgott Stiller. 15 March'1962.

Starkey, R.H Answers to specific questions pertaining to pit burning at the FMPC.
Memorandum to J.H. Noyes. Cincinnati, OH: National Lead Company of Ohio. 15 October
1965.

Starkey, R.H. 18 November 1965 Burning Uranium Contaminated Graphlte Memorandum to
J.A. Quigley. (Air dust samples results of burning contamination. U graphite; about 10 mg
m™3 at top of burner.).

" Tolos, W.P. Evaluation of incinerator ash (Code 032 material) drum decontamination residue
(Code 021 material). Memorandum to R.C. Kispert. Cincinnati, OH: national Lead Company
of Ohio. 17 September 1969:

Williams, L., Handwritten note; Oil Burner. 25 January 1966.

Alpaugh, E. L. Weekly Progress Report--December 26-January 1, inclusive. Report to R. C.
Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251341. 1
January 1956. ' - ‘ :

AlpaugH E. i;‘Weekly "Pr'ogres's Report--Week of January 16-22, inclusive. Report to R. C.
. Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251542, 24
January 1956.

Alpaugh, E. L. Weekly'Prdgress Report--January 23—29, inclusive. Rebort; to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251551. 31 January 1956.

Alpaugh, E. L. Weekly Progress Report--January 30 through February 5, inclusive. Report to R.
C. Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251533. 6
. February 1956.

" Alpaugh, E. L. Weekly Pro(g'r'-'e'ss' Report--February 6-12, inclusive. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251357. 13 February 1956.

Radiological Assessments Corporation
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Alpaugh, E. L. Weekly Progress Report—-February 27 thru March 4, mclusrve Report toR. C.

Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251342. 6 March

1956.

- Alpaugh, E L. Weekly Progress Report;-we‘elz B{ March § to .1V1 mcluswe Report to R. C.

Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251372. 12 March
1956.

Alpaugh E.L. Weekly Progress Report--March 12 bo 18 ReporttoR C. Heatherton Cincinnati,

OH: Natxonal Lead Company of Ohio. NLO/ICN 2251369. 20 March 1956

‘ Alpaugh E. L Weekly Progress Report--March 26 through Apnl 1. Report to R. C. Heatherton

Cmcmnatl OH: Natlonal Lead Company of Ohio. NLO/ICN 2251360. 2 April 1956.

A]paugh E L Weekly Progress Report-Apnl 2 to 8. Report to R. C. Heatherton Cmcmnatx
' OH:N atlonal Lead Company of Ohio. NLO/ICN 2251563. 10 Apn] 1956.

Alpaugh, E. L. Weekly Progress Report--Week of April 9-15, inclusive. Report to R. C.
Heatherton. Cincinnati, OH: National Lead Company of Ohro NLO/ICN 2251560. 17 April
1956.

‘ Alpaugh E. L. Weekly Progress Report-~Apnl 23 29 Report. to R C. Heatherton Cmcmnatx

OH Natlonal Lead Company of Ohio. NLO/ICN 2118164 7 May 1956.

Alpaugh E. L. Week]y Progress Report~Week of May 14-20, inclusive. Report to R. C.

. Heatherton. Cincinnati, OH: Natxonal Lead Company of Ohw NLO/ICN 2251576. 21 May
-1956. o .

A]paugh E L. Weekly Progress Report--Week of May 21-27, mclusxve Report to R. C.

Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 225157 1. 29 May
1956. . - . Sl , . N

) _~Alpaugh E L. Weekly Progress Report'-‘-week?of May 28 through June 3. Report to R. C.

Heatherton. Cincinnati, OH Natrona] Lead Company of Ohlo NLO/ICN 2251566 5 June
1956. . s . S

o

Alpaugh E. L. Weekly Progress Report-Week of June 4 to 10, mclusxve Report to R. C '

Heatherton. Cmcmnat: OH: Natloral Lead Company of Ohlo NLO/ICN 2251382 11 June
1956. . R . D

Alpaugh E L. Weekly Progress Report;Week of June il to 17 )'ncluswe Rerrort to R. C.
Heatherton. Cmcxnnatx, OH Natxona'l Lead Company of Qhio. 19 June 1956

Alpaugh, E L Weekly Progress Report—~Week of July. 9 thru 16 Report to R. CHeatherton.
Cmcmnatr OH: National Lead Company of' Ohlo NLO/ICN 2251192 16 July 1956

A]paugh E. L. Weekly Progress Report--Week of August 13 thru 19 Report to R C. Heatherton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251437. 20 August 1956.
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Alpaugh, E. L. Weekly Progress Report--Week of September 4 through Sepbember 9. Report to
R. C. Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251423, 11
September 1956. oA

Alpaugh, E. L. Weekly Progress Report--Week of September 10 thru 16. Report to R. C.
Heatherton. Cincinnati, OH National ‘Lead Company of Oh:o NLO/ICN 2251416, 18
September 1956.

Boone, F. W. Weekly Progress Report--5/21/56 to 5/25/56. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio, NLO/ICN 2251573. 28 May 1956.

Boohe, F. W. Weekly Progress Report--6/4/56 to 6/8/56. Report to R. C. Heatherton. Cincinnati,
OH: National Lead Company of Ohio. NLO/ICN 2251381. 12 June 1956,

Brandner, K. E. Monthly Progress Report--Engmeenng & Spec1a| Problems Sechon, January
1963. Report to R. H. Starkey. Cincinnati, OH: National Lead Company of Ohio. 1 February
1963.

Brandner, K. E. Monthly Progress Report--Engineering' & Special Problems. Report to R. H.
Starkey. Cincinnati, OH: National Lead Company of Ohio. 28 February 1963.

Fischoff, R. L. Monthly Report for January 1963--Radiation & Effluent Control Section. Report
to R. H. Starkey. Cincinnati, OH: National Lead Company of Ohio. 31 January 1963.

Fischoff, R. L. Monthly Report. for February 1963--Radiation & Effluent Control Section. Report
to R. H. Starkey. Cincinnati, OH: National Lead Company of Qhio. 1 March 1963. .

Heathe.rton R. C. Monthly. Report--Industrial Hygiene & Radiation Department, December 1- :
31, inclusive. Report to J. A. Quigley. Cincinnati, OH: National Lead Company of Ohio.
NLO/ICN 2251340. 3 January 1956

Heatherton, R. C. Monthly Report--Industrial Hygiene & Radiation Department, Jan. 2-31,
inclusive. Report-to J. A. Quigley. Cincinnati, OH: National Lead Company of Ohio.
NLO/ICN 2251534. 1 Febmary 1956.

Heatherton, R. C. Monthly Report--Industrial HygIene & Radiation Department, Report to J. A.
Quigley. Cincinnati, OH: National Lead Company of Ohlo NLO/ICN 2118160 2 March
" 1956. )

Heatherton, R. C. Monthly Report--Industrial AHyg1ene & Radiation Department, Month of
March 1956. Report to J. A. Quigley. Cincinnati, OH: National Lead Company of Ohio.
NLO/ICN 2118157 2 Apnl 1956,

Heatherton, R. C. Monthly Report--Industrial Hyg1ene & Radiation Department Report to J. A.
Quigley. C_mcmnat: OH: National Lead Company of Ohio. NLO/ICN 2118156. 1 May 1956.

Heatherton, R. C. Monthly Report--Industrial Hygiene & Radiation Department, May 1 through
May 31. Report to J. A. Quigley. Cincinnati, OH: Natiocnal Lead Company of Ohio. NLO/ICN
2118155. 4 June 1956. )

Radiological Assessments Corporation
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i

Heatherton, R. C. Monthly Report--Industrial Hygiene & Radiation Department, Month of June
.1 through June 30. Report to J. A. Qulgley Cmcmnatl OH: National Lead Company of
Ohio. NLO/ICN 2118153. 3 July 1956." .

.. »Heatherton R..C. Monthly Report-Industrial Hygiene & Radiation Department, Month of July . .
-1 through July 31. Report to'd. A. Quigley. Cmcmnatx OH Nat)ona] Lead Company of Ohio.
NLO/ICN 2118151. 2 August 1956. 367 .-

' Heath'erton, R.-C.:Monthly Report--Industrial ﬁymene & Radiation Department, Month of
- August 1 through 31. Report to J. A."Quigley. Cincinnati, OH Natlonal Lead Company of
Chio. NLO/ICN 2251424. 6 September 1956.

s Heatherton, ‘R C.”"Monthly. Report--Industrial : Hygiene &. Radiation Department Month of
. October 1 through 31.-Report to J. A, ngley Cmcmnatl, OH National Lead Company of
Ohio. NLO/ICN 2118146. 1 November 1956. ‘ :

o

*

't Heatherton,.R. C. 'Monthly Report--Industnal ‘Hygiene & Radiation Department Month of
- November 1 through 30. Report to J.'A. Quigley. Cmcmnat1 OH Nahonal Lead Company of
Ohio. NLO/ICN 2118144 5 December 1956 -

X N ’

". Heatherton, R.-C. Weekly Report--Industrial Hygiene & Radiation Department January 2-8,
inclusive. Report to J..A. Quigley.. Cmcmnatx OH: Nat10na1 Lead Company of Ohio.
NLO/ICN 2251547. 10 January 1956. : .

2
é
z
%

»+ " Heatherton, R. C.- Weekly. Report--Industrial : Hygiene & Radiation:Department, Week of
v January 16-22, inclusive. Report to J.-A. Quigley. Cmcmnatl OH Nat.lona'l Lead ‘Company
of Ohio. NLO/ICN 2251540. 25 January 1956. C

Heatherton, ‘R. C. Weekly ‘Report--Industrial Hygiene & Radiation Department, Week of
- January: 23 through January 29, inclusive.. Report to J. A. Qulg]ey Cmcmnatx OH:
National Lead Company of Oth NLO/ICN 2251536. 1 February 1956.

Heatherton R. C Weekly Report--Industrial ‘Hygiene & Radiation Department Week of
--January 30-February 3, inclusive. Réport to J.-A. Quigley. Cmcmnatx, OH: Natmnal Lead .
Company of Ohio. NLO/ICN 2118165. 8 February 1956. ‘ : o

Heatherton. R. C. Weekly Report--Industrial. Hygiene ‘& Radlatlon Department, Week of : A

~February 6-12, inclusive. Report to J."A.-Quigley. Cmcmnah OH Natlonal Lead Company . -
of Ohio. NLO/ICN 2251355. 15 February 1956 o R i 2

“"Heatherton, R. C. Weekly - Report--Industrial Hygiene - & *Radiation .Department, Week of
cat February 13-19, inclusive. Report to J: A. ngley Cmcmnatn OH Natxonal Lead Company
of Ohio. NLO/ICN 2251351. 21 February 1956... : L .. ‘

Heatherton, R. C. Weekly .Report--Industrial Hygiene & Radiation Department, Week of
February 20-26, inclusive. Report to J. A. Qulgley Cmcmnat! OH Natxonal Lead Company :
of Ohio. NLO/ICN 2251345. 2 March 1956. : :

.t 1 Heatherton, R. C. Weekly Report--Industnal Hygiene & Radiation. Department, Week of
’ February 27 through March 2. Report-to-J. A. ngley Cmcmnatl OH "National Lead
Company of Ohio. NLO/ICN 2118161. 7 March 1956. .

N
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Heatherton, R. C. Weekly Report--Industrial Hygiene & Radiation Department Week of March .
3 through March 9, inclusive. Report to J. A. Quigley. Cmcmnan, OH: Natxonal Lead
Company othxo NLO/ICN 2251371. 13 March 1956. "

Heatherton, R. C. Weekly Report--Industrial Hygiene & Radiation Department, Week of March
12 through 18, inclusive. Report to J. A. Quigley. Cmcmnatx "OH: National Lead Company
of Ohio. NLO/ICN 2251367. 21 March 1956.

" Heatherton, R. C. Weekly Report-Industrial Hygiene & Radiation Department, Week of March

19 through 25. Report to J. A. Quigley. Cincinnati,. OH: National Lead Company of Chio.
NLO/ICN 2251363. 27 March 1956.

Heatherton, R. C. Weekly Report--Industrial Hygiene & Radiation Department, For 2 Weeks--
April 2 through April 15, inclusive. Report to J. A. Quigley. Cmcmnatn, OH: National Lead
Company of Ohio. NLO/ICN 2251559 19 April-1956. .

Heatherton, R. C. Weekly: Report--Industrial Hygiene & Radiation’ Department; Week of Apnl
16-20, inclusive. Report to J. A. Quigley. Cmcmnatn OH: Natxonal Lead Company of Ohio.
. NLO/ICN 2251557. 27 April 1956. '

Heatherton, R. C. Weekly Report--Industrial Hygiene & Radiation Department, ‘Week of April
23-April 29, inclusive. Report to J. A. ng]ey Cmcmnatx, OH: National Lead Company of
Ohio. NLO/ICN 2251555, 1 May 1956.

Heatherton, R. C. Weekly Report--Industnal Hygiene & Radiation f)epartment Week of May 1-
6, inclusive. Report to J." A. Quigley. Cincinnati, OH: Natlonal Lead Company of Ohio.
NLO/ICN 2251583 11 May 1956. :

Heatherton, R. C. Weekly Report--Industrial Hygiene & Radiation Department, Week of May 7-
13, inclusive.. Report to J. A. Quigley. Cincinnati, OH: National Lead Company of Ohio.
NLO/ICN 2251577, 16 May 1956.

Heatherton, R. C. Weekly Report--Industrial Hygiene & Radiation Department, Week of May
14-20, inclusive. Report to J. A. Quigley. Cmcmnatl, OH: National Lead Company of Ohio.
NLO/ICN 2251570. 22 May 1956. :

Heatherton, R. C. Weekly Report--Industrial Hygiene & Radiation Department Week of May
21-27, inclusive. Report to J. A. Quigley. Cmcmnatl, OH: National Lead Company of Ohio.
NLO/ICN 2251569. 31 May 1956. ' . :

Heatherton, R. C.: Weekly Report-Induvstnal Hygiene & Radiation Department, Week of May 28
through June 1, inclusive. Report to J. A. Quigley. Cincinnati, OH: National Lead Company
of Ohio, NLO/ICN 2118163. 6 June 1956.

Heatherton, R.C. Weekly Report--Industrial Hygiene & Radiation Department, Week of June 4
through 10." Report to J. A. Quigley. Cincinnati, OH: National Lead Company of Ohm
NLO/ICN 2251380. 13 June 1956. .

. Heatherton, R. C. Weekly Report--Industrial Hygiene & Radiation Department, Week of June

11-17, inclusive. Report to J. A. Quigley. Cincinnati, OH: Natxonal Lead Company of Ohio.
NLO/ICN 2251378. 21 June 1956.

Radiological Assessments Corporation
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‘ Heatherton, R.'C. Weekly Report-~Industna] Hygrene & Radiation Department, Week of June

18-24, inclusive. Report to J. A. Quigley. Cincinnati, OH: National Lead Company of Ohio.
NLO/ICN 2251377 26 June 1956 . _

+ N >
yhie o1

Heatherton; R. C. Weekly Report--lndustnal Hygrene & Radlatxon Department June 25-30,
inclusive. Report to J. A. Quigley. Clncmnatl OH Natxonal Lead Company of ‘Ohio. _

NLO/ICN 2118154 3 July 1956

oo

"Heatherton R. C. Weekly Report--Industrial Hygrene & Radiation Department Week of August. :

13 through 17, inclusive. Report to J.°AY ngley Crnclnnatr OH: Natxonal Lead Company
-of Ohio. NLO/ICN 2251436. 21 August 1956.°

o ‘.‘Heatherton R. C. Weekly Report-»Industnal Hygrene &Radlatlon Department Week of August '
: 27 thru September 2. Report to J. A. Quigley. Cincinnati,’OH: National Lead Company of"

_ O}no NLO/ICN 2251425. 4 September 1956

Heatherton ‘R.C. ‘Weekly Report--Industnal Hyglene & ‘Radiation Department Week of
. September 4 thru September 9. Report to J. A. Quigley. Cmcmnatx OH Natlonal Lead

o Company of Ohxo NLO/ICN 2251421. 14 September 1956

Heatherton, R. .C. Weekly Report--Industrial Hygiene & Rad:atron Department Week of

. September 10 thru 17. Report to J. A Qurgley Cmcmnatr OH Natxonal Lead Company of
‘Ohio. NLO/ICN 2251415 21 September 1956

o Heatherton R C Week]y Report--Industna] Hyg1ene & ‘Radiation Department Week of
September 24 through 30. Report to J. A. Quigley. Cincinnati, OH: Natlonal Lead Company'

, of Ohro NLO/ICN 2118149 4 0ctober 1956

b

. Heatherton, R. C. Weekly’ Report--Industna] Hyglene & Radiation Department December 26-

. 81, incl. Report to J. A. Quigley. C1ncmnat1 OH Natlonal Lead Company of Ohio. NLO/ICN
2118162. 4 January 1956 v

. . Heatherton, R. C. Yearly Report--Industnal Hyglene & Radlatlon Department Report to J. A.

Quigley. Cincinnati, OH: Natlonal Lead Company of. OhIO NLO/ICN 2118158 26 March
1956.

'Sohamann, C. E Week]y Progres’s:'Rep'ortf;Week' of 8/20/56.‘Report to R. C. Heatherton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251426. 29 August 1956.

Starkey, R. H. IH&R Department ‘Annual, Report for 1958 Report to J. AL ngley Cincinnati,
* OH: National Lead Company of Ohio. NLO/ICN 2118202. 16 March 1959,

Starkey, R. H. IH&R' Department Monthly Report for January 1959 Report to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohio. NLOIICN 2118204. 6 February 1959,

: Starkey, R. H. IH&R Department Monthly Report for February 1959, Report to J. A. Quigley.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118203 6 March 1959. .

Starkey, R. H. [H&R Department Month]y Report for March 1959. Report to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118201. 3 Apnl '1959.

T
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Starkey, R. H. IH&R Department Monthly Report for April 1959. Report to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118200 5 May 1959.

Starkey, R. H. IH&R Department Monthly Report for May 1959. Repbrt to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118199. 3 June 1959.

Starkey, R. H. IH&R Department Monthly Report for June 1959. Report to J. A. Quigley.
Cincinnati, OH: Natxonal Lead Company of Ohio. NLO/ICN 2118198, 2 July 1959.

Starkey, R. H. IH&R Department. Monthly Report for_ July_ 1959. Report to J. A Quigley.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118197. 5 August 1959.

Starkey, R. H. IH&R Department Monthly Report for August 1959. Report to J. A. Qm'ﬁley.
Cincinnati, OH: National Lead Company of Ohio. NLD/ICN 2118196. 3 September 1959.

Starkey, R. H. IHH&R Department Monthly Report for September 1959."Report to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118195. 6 October 1959.

_Starkey, R. H. IH&R Department Monthly Report for October 1959. Report to J. A. Quigley. -

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118194. 4 November 1959.

_ Starkey, R. H. IH&R Department Monthly Report for November 1959. Report to J. A. ngley.-,

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118193. 3 December 1959.

Starkey, R. H. IH&R Department Monthly Report for December 1959. Report to J. A. Quigley.
Cmcmnatl OH: National Lead Company of Ohio. 6 January 1960.

Starkey, R. H. IH&R Department Monthly Report for January 1961. Report to J. A. Quigley.
Cmcmnah OH: National Lead Company of Chio. 2 February 1961 '

Starkey, R. H. IH&R Department Monthly Report for February 1961. Report to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohio. 8 March 1961.

Starkey, R. H. IH&R,'De'partment Monthly Report for March. 1961. Report to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohio. 12 April 1961.

- Starkey, R. H. TH&R . Department Monthly Report for April 1961. Report to J Al Quigley.

Cincinnati, OH: National Lead Company of Ohid. 5 May 1961

Starkey, R. H. IH&R Department Monthly Report for May 1961. Report to J. A. Quigley..

Cincinnati,'OH: National Lead Company of Ohio. 7 June 1961.

Starkey, R. H. ITH&R Department Monthly Report for June 1961. Report to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohio. 10 July 1961.

. Starkey, R. H. IH&R Department Monthly Report for July 1961. Report to J. A. Quigley.

Cincinnati, OH: National Lead Company of Ohio. 4 August 1961.

Starkey, R. H IH&R Department Monthly Report for August 1961. Report to J. A. Quigley.
Cincinnati, OH: National Lead Company of Ohlo 11 September 1961.

Radiological Assessments Corporation
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Starkey, R. H. IH&R Department Monthly Report for September 1961. Report to J. A. ngley.

Cmcmnatl, OH: National Lead Company of Ohio. 9 October 1961

_Starkey, R. H. IH&R Department Monthly, Report for October 1961. Report to dJ. A. Quigley.

Cincinnati, OH: National Lead Company of Ohlo 7 November 1961.

Starkey, R. H. IH&R Department Month]y Report for November 1961. Report to J. A. ng]ey.

Cmcmnat) OH: Natxonal Lead Company of Oth 5 December 1961.

. Starkey, R. H. IH&R Department Monthly Report for December 1961. Report to J A. Quigley.

. Cincinnati, OH National Lead Company of Ohlo 10 January 1962.

_Starkey, R. H. IH&R Department Monthly -Report for January 1962. Report to J. A. Quigley.

Cmcmnatx OH: National Lead Company of OhIO NLO/ICN 2118232.1 February 1962.

Starkey, R. H. IH&R Department Monthly, Report for February 1962. Report to J. A. Quigley.

- Cincininati, OH: National Lead Company of Ohio. NLO/ICN 2118231. § March 1962.

Starkey, R. H. IH&R Department Monthly Report for March 1962. Report to J. A Q_mgley.

Cmcmnatx OH: National Lead Company of Ohio. NLO/ICN 2118230. 3 April 1962.

.Starkey, R. H. IH&R Department Month]y Report. for May 1962. Report to J. A. ng]ey

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118229. 6 June 1962.

© Starkey, R. H. IH&R Department Monthly Report for June 1962 Report to J. A. Quigley.

Cincinnati, OH: Natlonal Lead Company of Ohio. NLO/ICN 2118228. 28 June 1962

Starkey, R. H. IH&R Department Monthly Report for July 1962. Report to J. A. Quigley.

Cincinnati, OH: Natxonal Lead Company of Ohio. NLO/ICN 2118227 6 August 1962,

. .Starkey, R. H. IH&R Department. Monthly Report for August 1962. Report to J. A. Quigley.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118226 14 September 1962,

. Starkey, R. H. IH&R Department Monthly Report for September 1962. Report to J. A. Quigley.

Cmcmnatl 'OH: National Lead Company of Ohlo NLO/ICN 211822?. 4 October 1962.

. Starkey, R. H. IH&R Department Monthly tReport for October 1962. Report to J. A. Quigley.’

Cmcmnatx OH: National Lead Company of Oth NLO/ICN 2118224 2 November 1962.

. Starkey, R. H. IH&R Department Monthly Report for November 1962. Report to J. A. ngley.

Cmcmnatx, OH: Natxonal Lead Company. of Ohlo 'NLO/ICN 2118223 5 December 1962

‘Starkey, R. H. [H&R Department Monthly Report for January 1963. Report to d. A ngley.

Cincinnati, OH: National Lead Company of Ohlo .7 February 1963. .

. .. Starkey, R. H. IH&R Department Monthly Report for February 1963. Report to dJ. A. Qulgley.

Cincinnati, OH: National Lead Company of Ohxo 6 March 1963. -

Starkey, R. H. Weekly Progress Report--January 2-6, inclusive. Report to R. C. Heatherton.

Cmcmnatx OH: National Lead Company of Ohlo NLO/ICN 2251548. 9 January- 1956.
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~ Starkey, R. H. Weekly Progress Report--Week of 1/9-1/13, inclusive. Report to R. C. Heatherton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251546. 16 January 1956.

Starkey, R. H. Weekly Progress Report--January 16-20. Report to R. C. Heatherton. Cmcmnat:
OH: National Lead Company of Ohio. NLO/ICN 2251539, 25 January 1956.

Starkey, R. H. Weekly Progress Report--January 23 to 29, inclusive, Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251537. 31 January 1956.

Starkey, R. H. Weekly Prdgress Report--January 30 to February 5. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251531. 7 February 1956. .

Starkey, R. H. Weekly Progress Report--February' 6 to 12. Report to 'R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251356. 13 February 1956.

Starkey, R. H. Week]y Progress Report--February 13 to 19. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251352, 20 February 1956.

Starkey, R. H. Weekly Progress Report--February 20 to 26, 1956, Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251359. 28 February 1956.

Starkey, R. H. Weekly Progress Report--3/5 to 3/11. Report to R. C. Heat.hert.on Cincinnati, OH
Natxonal Lead Company of Ohio. NLO/ICN 2251374 12 March 1956.

Starkey, R. H. Weekly Progress Report--March 12 to 18. Report to R. C. Heatherton. Cincinnati,
OH: National Lead Company of Qhio. NLO/ICN 2251368. 20 March 1956.

Starkey, R. H. Weekly Progress Report--March 26 ta 30. Report to R. C. Heatherton. Cmc1nnat1
OH: National Lead Company of Ohio. NLO/ICN 2251362. 2 April 1956. -

Starkey, R. H. Weekly Progress Report--Apnl 2 to 8. Report to R. C. Heatherton. Cmcmnat.x
_OH: National Lead Company of Ohio. NLO/ICN 2251565. 10 April 1956.

Starkey, R. H. Weekly Progress Report--4/9/56 to 4/15/56. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251562. 17 April 1956.

Starkey, R. H. Weekly Progress Report--4/16/56 to 4/20/56. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251558. 24 April 1956.

‘Starkey, R. H. Weekly Progress Report--4/23/56 to 4/27/56." Report to R. C. Heatherton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251556. 30 April 1956.

Starkey, R. H.‘Wéeklj'r Progress Report--4/30/56 to 5/4/56. Report to R. C. Heatherton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251582. 11 May 1956.

.Starkey, R." H. Weekiy Progress Report--5/7/56 to 5/11/56." Report ‘to R. C. Heatherton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251581. 15 May 1956.

Starkey, R. H. Weekly Progress ‘Report--5/14/56 to 5/18/56. Report to R. C. Heatherton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251574. 22 May 1956.

Radiological Assessments Corporation
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Starkey, R. H. Weekly Progress Report--Week of June 11-15." Report to R. C. Heatherton.
Cmcmnatx OH: Natlonal Lead Company of. Ohlo NLO/ICN 2251379. 18 June 1956.

. Starkey, R. H. Weekly Progress Report--Week of June 18-22, inclusive. Report to R. C.
~Heatherton. Cmcmnatr, OH: Natlonal :Lead Company of Ohlo NLO/ICN 2251376. 26 June
- 1956." et g ‘ B . .
Starkey, R. H. Weekly Progress Report--Week of July 9 thru 13, inclusive. Report .to R. C.
‘ Heatherton Cincinnati, OH: National Lead Company of Ohlo NLO/ICN 2251191, 18 July
'1956."

. Starkey,R 'H. Weekly Progress Report--7/23/56 /27/56. Report to R.C. Heatherton Cmcmnatl
' OH: National Lead Company of Ohio. NLO/ICN 2118152. 31 July 1956, '

- : Starkey, R. H Weekly Progres,s Report-7/30/56 8/3/56 Report to R. C Heatber_ton" Cineinna.ti;

.OH: Natlonal Lead Company of Ohio. NLO/ICN 2251442.9 August 1956.

Starkey, R. H. Weekly Progress Report--8/6/56 8/10/56. Report.to R. C. Heatherton. Cinoinnati!
-y OH: Natlonal Lead Company of Ohio. NLO/ICN 2251439 16 August 1956.. ..U

I

Starkey, R. H. Weekly Progress Report--8/13/56- 8/17/56 Report toR. C. Heatherton Cmcmnatl

. OH: National Lead Company of Ohio. NLO/ICN 2251435. 21 August 1956.

Starkey, R. H Weekly Progress Report--8/20/56 8/24/56. Report to R. C. 'Heatherton.f Cincinnati,
. OH Natlonal Lead Company of Ohio. NLO/ICN 2251445. 29 August 1956...

'Starkey, R H Weekly Progress Report--8/29/56 9/7/56 Report to R C. Heatherton__ Cincinnati, )

OH: Natxona] Lead Company of Ohio. NLO/ICN 2251422 13 September 1956.

| 'Starkey, R H Weekly Progress Report--Week of September 10 thru 14. Report to R: C
Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251420 17
September 1956. L : -

\.

Starkey, R. H. Weekly Progress Report--Week of Sept 17 thru 21 Report toR. C. Heatherton. .

Cincinnati, OH: Natxonal Lead Company of O}no NLO/ICN 2251413. 26 September 1956.

Starkey, R H. Weekly Progress Report-Week ‘of October 1 thru 5. Report to R. C "Heatherton.

ancxnnatl, OH: National Lead Company of Ohio. NLO/ICN 2251408. 10 October 1956.

"Starkey, R. H Weekly Progress Report-10/8/56 10/12/56 Report to R C "Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251407 15 October 1956

' Starkey, R H. Week]y Progress Report—10/15/56 -10/19/56. Report to R. C. Heatberton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251402 23 October 1956

_ Starkey, R. H. Weekly Progress Report--10/22/56- 10/26/56 .Report to R. C. Heatherton.

Cmcmnatr OH Natxonal Lead Company of Ohio. NLO/ICN 2118 147.1 November 1956

‘Starkey, R. H. Weekly Progress Report--10/29/56~11/9/56. Report to R. C. Heatherton,

- Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251392. 13 November 1956.
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Starkey, R. H. Weekly Progress Report.-Weeks of ‘November 19 thru 30. Report to R. C.
Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118145. 4
December 1956. . _

Starkey, R. H. Weekly Progress Report -12/3/56-12/14/56. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company othro NLO/ICN 2251390 17 December 1956. -

Starkey, R. H. _Weekly Progress Report--12/17/56-12/21/56. Report to R. C. Heatherton.

Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251388. 27 December 1956.

Starkey, R. H. Weekly Progress Report-12/24/56 -12/28/56. Report to R. C. Heatherton
Cincinnati, OH: Natlonal Lead Company of Ohio. NLO/ICN 2118143. 31 December 1956.

Starkey, R.H. Evaluation of ‘the NLO Industrial Hygiene and Radiation Department
Memorandum to J.A. Quigley. Cmcmnatl OH: Natronal Lead Company of Ohio. 24 July
. 1962. ' .

Starkey, R.H. Industrial Hygiene and Radiation Department Accomplishments, Calendar Year
1963. Memorandum to R.C. Heatherton. Cincinnati, OH: National Lead Company of Ohio.
22 January 1964 -

Stefanec, A. J. Weekly Progress Report--Week of Jan. 2-8; inclusive. Report to R. C. Heatherton.
Cincinnati, OH National Lead Company of Ohio. NLO/ICN 2251549. 9 January 1956.

Stefanec, A. J. Weekly Progress Report--Week of 1/9 thru V15, inclusive. Report to R. C.
Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251544 17
" January 1956.

Stefanec, A. d. Weekly Progress Report--January 23 to 29, inclusive. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251538, 31 January 1956.

Stefanec, A. J. Weekly Progress Report--]/30/56 to 2/5/56. Report to R. C. Heatherton
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251532, 6 February 1956.

Stefanec, A. J. Weekly Progress Report--2/6/56 to 2/12/56. Report to R.-C. Heatherton
Cincinnati, OH Natlonal Lead Company of Ohio. NLO/ICN 2251354 15 February 1956.

Stefanec, A. J. Weekly Progress Report. Week of February 13-19, inclusive. Report to R. C.

Heatherton.. Cmemnah OH: National Lead Company of Ohio. NLO/ICN 2251353, 20

February 1956.

Stefanec, A. J. Weekly Progress Report. Week of August 27 thru September 2. Report to R. C.
Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2118150. 4
September 1956.

Stefanec, A. J. Weekly Progress Report. Week of September 24 thru 30.- Report to R. C. '

Heatherton. Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251411. 30
. September 1956.

Stefanec, A. J. Weekly Progress Report. Week ending 10/7/56. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251409. 8 October 1956.

Radiological Assessments Corporation
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‘Stefanec, A Jd. Weekly Progress Report. Week of October 8 thru 14, inclusive. Report to R. C.
Heatherton. Cincinnati, OH:’ Natlona] “Léad Company of Ohxo 'NLO/AICN 2251405. 16"
October 1956. S o

Stefanec A Jd Week]y Progress Report Week endmg 10/21/56 Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251403. 22 October 1956.

Stefanec, A. J. Weekly Prog're"s‘s- Report.-We"elg."endr:ng 10/28/56. Report to R. C. Heatherton.
Cincinnati, OH: National Lead Company of Ohio NLO/ICN 2251400. 29 October 1956

‘rl'Stefanec Al J. Weekly" Progress Report, Week endmg 11/4/56. Report to' R. C. Heatherton.
Cincinnati, OH: National Leéad Company of Ohio. NLO/ICN 2251398. 6 November 1956.

“‘Stefanec, A J. Weekly Progress Report. Week endmg 11/11/56. Report to R. C. Heatherton,
Cmcmnatl OH: National Lead Company of Ohio, NLO/ICN 2251395. 13 November 1956.

C. Heatherton Cincinnati, OH: Natronal Lead Company of Ohlo NLO/ICN 22513917. 19
November 1956. L L,‘_“_‘_H o o
Stefanec, A. J Weekly Progress Report Week endmg 11/25/56. Report to R. C. Heatherton.
- . Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251394. 26 November 1956. -

' Stefanec, A. J. Weekly Progress Re.port.: Week ending 12/2/56. Report to R. C. Heatherton.

Cincinnati, OH: National Lead Company of Ohioe. NLO/ICN 2251393. 3 December 1956. e
_Stefanec, A. J Weekly Progress Report Week ending 12/9/56. Report to R. C Heatherton.
Cmcmnatr OH: National Lead Company of Ohio. NLO/ICN 2251391. 11 December 1956.

.Stefanec, A. J. Weekly Progress Report. Week ending 12/16/56. Report to R. C.' Heatherton.
.Cincinnati, OH: National Lead Company of Ohio. NLO/ICN 2251389.17 December 1956.

Wing, J. F. Survey Section Monthly Report for January '1963. Report to R. H Starkey.
Cmcmnatx OH: Natlonal Lead Company of Ohro 30 January. 1963

Sooanl e 2

INVENTORY/MATERIAL ACCOUNTABILITY
Several types of monthly or routine reports are available, mcludmg. ‘
Analytical Department U-Metal Balance. during month. Monthly reports that document
difference between book inventory and physical inventory of U in analytical department.
* Calculates unaccounted for U losses.) - We have January - Aug 1961 reports, Memoranda by
E.V. Henry to R.H. Sisson.

L e

Month]y SS Material Balances. (Comments on normal enriched, depleted U accounts, Th
account, -and measured losses;. mcludes statistical control charts for % Book-Physical
‘Inventory Differences, {(B-PID}). We have followmg reports, most are written as letters from
J.H. Noyes to C.L. Karl 1960 Aug, Oct 1961, Mar—Dec 1962, Jan, Feb, Apr-Jul, Sep-Nov

.. . Audxa, SF. 1977. FMPC Reﬁnery Actwnty Normal Uranium - November 1953 (Plant Startup)

. Through March 1977. Letter to H. D. Fletcher Natlonal Lead Company of Ohio.



N

Appendix A o ‘ ' ) Page A-87
Sources of Information o

Audia, S.F. to H. Doran Fletcher, 31 August 1977. Overall Accountability Analyses Report,
Plant Startup t.hrough September 30 1976 National Lead Company of Ohio.

Bogar, L.C. 12 December 1986. Over-all Account,ablhty Analyses Report, Plant Startup Through
September 30, 1986. WMCO:EH: 86-159. Westinghouse Materials Company of Ohjo.

Courtney, L. 16 October 1969. Plant 2 Refinery Log Sheet of B-PID and Routine Operating

Losses for Oct 1961 through Oct 1962. National Lead Company of Chio.

Courtney, L. 14 December 1970. Material Balance éummary from 1953 through 1970 at FMPC:
Table II-Enriched Uranium - SS kgs, Table III- Depleted Uranium - SS kgs. Nuclear
Materials Control Department National Lead Company of Ohio,

Gessiness, B. 1964. Spreadsheets listing ' Normal Recovery” for Dry System & Met,al and for

Hydro-Met System for FY 1962-1964, Cmcmnatr OH: Natxonal Lead Company of Ohio.

Gessiness, B. Nuclear Materials Control for the Normal Winlo Process. Memorandum to H.M.
Beers; Cmcmnatl OH: National Lead Company of Ohio, 16 September, 1963.

Gessiness, B. to W. J. Adams, Memorandum; Plutonium Content of NLO Feed Materials
(Revision 1). Cincinnati, OH: National Lead Company of Ohio. 10 April 1985.

Gessiness, B. Comments on SS Materlals Control Sdrvey No. OR-156) - Statlon NLO.
Memorandum to P.N. McCreery. Cincinnati, OH: Natxonal Lead Company of Ohio. 8 March
1962.

Gessiness, B. Comments on the Safeguards and Materials Management Survey Report, No.

OR-267-FVA. Memorandum to CA. Schwan. Cmcmnatl OH National Lead Company of *._/

Ohio. 21 August 1970.

‘Gustavson, S.R. to C.H. Walden, Memorandum; SF Material Balance Report Scrap Recovery

Process, Cincinnati, OH: National Lead Company of Ohio; December - 1953; Cincinnati, OH:
National Lead Company of Ohio. 21 January 1954

Inventory Log Sheets, July 1961 - June 1963. Monthly totals for beginning mventory, receipts,
shipments, measured loss B PIDs 1t,emxzed Cmcmnatx OH National Lead Company of
Ohio.

Karl, C.L. Uranium Scrap Recovery Program - FY 1957. Memorandum to S.R. Sapme 5
November 1956. * .

Karl, C.L. SS Materials Control Survey No OR-180 - St.atxon NLO. Memorandum to J.H. Noyes,
2 February 1964.

Karl, C.L.. Weekly Progress Report. Memorandum to S.R. Sapirie. (Expected and actual
productlon quantities with comments an the. operations of specific process areas.)
Cmcmnatr OH: National Lead Company of Ohio. 31 December 1959 '

Karl, C.L. Weekly Progress Report. Memorandum to S.R. Sapirie.(Expected and actual-

production quantities with comments on the operations of specific process " areas.)
Cincinnati, OH: National Lead Company of Ohio. 8 January 1960.

Radiological Assessments Corporation
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- Karl, C.L. Weekly Progress Report.” Memorandum to S.R. Sapirie. (Eapected and actual
production quantities .with comments: on.the- operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 15 January-1960. :

Karl, C.L. Weekly Progress- Report. Memorandum to S.R.- Sapirie. (Expected and actual
-~ ' production quantities with comiments: on ~the. operations of specific. process areas.)
* Cincinnati, OH: National Lead Company of Ohio. 15 January 1960 .

- Karl, C.L. Weekly Progress Report. Memorandum to S.R. Sapirie. (Expected and actual
.production gquantities with comments..on. the- operations. of specrﬁc process areas.)
Cmcmnatl OH: Natlonal Lead Company of Ohio. SFebruary 1960.

" Karl, C.L. Weekly - Progress Report. Memorandum to- S.R. Sapirie. ' (Expected and actual
i productlon quantities - with . comments - on -the ' operations .of speclﬁc process areas.)
Cincinnati, OH: National Lead Company of Ohio.'12 February 1960. : P

'Karl, C.L. Weekly Progress Report. Memorandum to S.R.:Sapirie. (Expected and actual
-production quantities with comments -on . the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 19 February 1960.

"~ +-Karl, C.L. Weekly' Progress ‘Report. 'Memorandum to S.R. Sapirie. (Expected and actual
‘production quantities ‘with comments. on :the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohlo 26 February 1960. 3

Karl, C.L. Weekly Progress Report. Memorandum to S.R. Sapme (Expected and actual
- ‘production -quantities with comments : on -the - operations of speclﬁc process areas.)
Cmcmnatl OH: National Lead Company of Ohio. 4 March 1960

- Karl, C.L. Weekly :Progress Report. ‘Memorandum to S.R. Sapme (Expected and actual
‘ productlon quantities with - comments ~on - the .operations of specxﬁc process areas.)
Cincinnati, OH: National Lead Company of Ohio. 11 March 1960. . R

“ Karl, ‘C.L. “Weekly -Progress Report. Memoraridum to S.R. Sapirie. (Expected and actual
productlon quantities' with - comments - on “the operations .of - specific - process areas.)
Cincinnati, OH: National Lead Company of Ohio. 18 March 1960. o

Kar] C.L. Weekly Progress Report.” Memorandum -to S.R. Sapirie. (Expected and. actual
v productxon quantities - with comments:on" the operations of specific process areas.)
- Cincinnati, OH: Natlonal Lead Company of Ohio. 25 March 1960.

- Karl, .C.L. Weekly Progress' Report. ‘Memorar‘xdum to S.R. ‘Sapirie.’ (Expected .and actual
' productxon quantities with comments. on:.the . operations:. of ‘specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 1 April 1960. BN

“* Karl, C.L.:Weekly - Progress Report. Memorandum to S.R. ‘Sapirie. (Expeci,ed and actual
- production - quantities with ‘comments-.on . the - operations of .specific process areas)
Cincinnati, OH: National Lead Company of Oth 8 April‘1960. :

Karl, C.L. Weekly Progress Report. Memorandum to S.R. Sapirie. (Expected and actual

production quantities with comments on the operations of specific process areas.)

Cincinnati, OH: National Lead Company of Ohio. 15 April 1960.
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Karl, C.L. Weekly Progress Report. Memorandum to S.R. Sapirie. (Expectéd and’ actual
production . quantities with comments on the operations -of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 22 April 1960.

Karl, C.L.. Weekly Progress Report.’ 'Memorandum to' S.R. Sapirie. (Expected and actual
productxon quanmxes with comments on the operations of specific process areas.)
Cincinnati, OH: Natlonal Lead Company of Ohio. 6 May 1960. -

Karl, C.L. Weekly Progress Report. Memorandum .to S.R. Sapirie. (Expected and actual
production quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 3 June 1960.

Karl, C.L. Weekly Progress Report. -Memorandum to S.R. Sapirie. (Expected and actual
production quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 3 June 1960.. .

Karl, C.L. Weekly Progress Report.- Memorandum to S.R. Sapirie. (Expectéd and actual
production quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 10 June 1960.

Karl, C.L. Weekly Progress Report. Meynofandum to S.R. Sapirie. (Expected and actual
production quantities with comments on- the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 17 June 1960._

Karl, C.L. Weekly Progress Report. Memorandum to S.R. Sa;iirie. (Expected and' actual
production quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 24 June 1960.. .

- Karl, C.L. Weekly. Progress Report. Memorandum to S.R. Sapirie. (Ekpectéd and actual

production quantities with comments on the- operations of specific. process areas.)
Cincinnati, OH: National Lead Company of Ohio. 1 July 1960.

Karl, C.L. Weekly Progress Report. Memorandum to S.R. Sapirie. (Expected and actual

production quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Qhio. 8 July 1960.

Karl, C.L. Weekiy Progress Report. Memorandum to S.R. Sapirie. (Expected and ‘actual
production quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 15 July 1960. -

Karl, C.L. Weekly Progress Report. Memorandum to: S.R. Sapirie. (Expected and actual
production quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 22 July 1960.

J

Karl, C.L.- Weekly Progress Report. Memorandum to S.R. Sapirie. (Expecbed and actual®

production quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of Ohio. 29 July 1960.

Radiological Assessments Corporation
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\

Karl, C.L. Weekly Progress Report. Memorandum to S.R. 'Saprne (Expected and actual
productlon quantities with comments on the operations of specific process areas.)
Cincinnati, OH: National Lead Company of'Ohlo 5 August 1960

. Karl, C.L. Unaccounted For Low Enriched Uranium - Plant 8. Letter to J. H. Noyes (Re: memo | &
"% from ORO dated 9 July 1964 from Sapme to C.L. Karl). 14 July 1964.

~Morgan, G. J Idea Letter - Meter and Sampler for the Recovery Plant Effluent Stream (8-204).
’ Memorandum to P.G. DeFazio. (Dunng FY 1963 and 1964, a 121,200 pound discrepancy
occurred in Recovery Plant ennched account ) Natlonal Lead Company of Ohlo 17 August
1964 . . -
. Nelson, M.S. Plant 5. Internal control of Nuclear Material, Crossover Problem. Inter-office .
Routmg Slip to C.A. Schwan. 12 August 1970 ,
Nelson, M.S., National Lead Company of Ohio‘to C.L. Karl, US AEC Oak Ridge Operation .

- Office, Memorandum Summary. of SS Inventory Samples and Analyses, ORO Nuclear

Matenals Control Branch Safeguards survey No OR-267. 22 April 1970. '

Nelson, M. S. 25 November 1970, Matenal Discards, Plant Startup Through June 30 1970. z
* ' Memorandum to C. L. Karl. (Depleted normal, enriched U SS kgs discarded FY 1952 FY~ '
1970 for 3 categories: 1to burial pit; 2-solutions or slurries to ponds or rwers, 3. dry stack
or wet scrubber losses). National Lead Company of Ohio. 5

Nelson, M. S Summary from 1953 through 1972 of Matenals Accountabxhty Memorandum to
'C. L. Karl. (Material balance, materials"discards, over-all site accountabllxty, 4 pages).
. Prepared by L. Courtney, National Lead Company of Ohio. 27 October 1972. S

Nelson, M. S. to C. A. Keller. Monthly Progress Report. (Technical and productlon activities E

and production statistics for January 1974 14 pages) NLO/ICN 2197918 National Lead’ Z
Company of Ohio. 5 February 1974.

. production statistics for May 1972, 9° pages) NLO/ICN 2150748. Cmcmnatl 'OH: National
Lead Company of Olno 5 June 1972. :

NLCO (National Lead Company of Ohio). Records Inventory and Dlsposmon Schedule for Scrap B

Recovery Plant of the "Production Dwrsxon Cmcmnatl OH: Natlonal Lead Company of Ohio.

 24June1958. o _ o C £
_’NLCO (Natxonal Lead Company of Ohlo) Selected monthly productron statistics for 1969, Table -
‘ of production ‘information for refinery, Plant 4, metals areas Plant 8. Cincinnati, OH:
National Lead Company of Ohio.

'NLCO (Natlonal Lead Company of Ohio), Matenal Balance Summary at FMPC (From start-up
through 1976 for ()norma), enriched, 'depleted U, (2)summary of operating losses and
. discards (SS kgs), and (3) over-all site .accountability.- Table I - V of unknown report, 5 :
' pages). Clncmnatx OH: Natlonal Lead Company of Ohlo 25 August 1977 ’ ‘

NLCO (National Lead Company of Ohio). History - FMPC Inventories. NLO/ICN 2111339. 1973. .
" (40 pages of monthly production for plants from” 1954 1960 shlpments & costs data)
* Cincinnati, OH: National Lead Company of Ohio.
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Noyes, J.H. SS Materials Control Survey No. OR-156, Station NLO. Memorandum to C.L. Karl.
Cincinnati, OH: National Lead Company of Ohio. 20 March 1962,

Noyes, J.H. Summary ‘of SS Inventory Samples and Analyses Memorandum to C.L. Karl,
Cincinnati, OH: Natxonal Lead Company of Ohio. 21 May 1969.

Noyes J.H. Memorandum to C.L. Karl. Request for Approved Inventory Write-offs, Enriched
Trailer Cake and Sump Effluent - FY 1962. (No attachments - request estimated maximum
monthly discard of 2,000 SS pounds of enriched trailer cake and 250 SS pounds enriched
sump effluent to chemical pit). Not dated but references letter of 16 June 1961. National
Lead Company of Ohijo.

Noyes, J.H. to C.L. Karl, Memorandum; Materials Management and Safeguards Survey No. '

OR-259, National Lead Company of Ohio. 16 September 1969.

Nuclear Materials Control Department. 15 November 1966 Summary of Operations and Other
Reference Information. (20 pages of tables (most handwritten) of estimated analytical,
weighing, sampling precision and bias, limit of error estimate for measured losses on
monthly basis, overall B-Pid; material balance' summary, 1964-66;. enriched fuel core
shipments and receipts, liquid UNH receipts from NFS). Prepared for U.S. AEC, DIA,
Technical Advisory Committee on Safeguards, Washington, D.C. i

Palmer, W.E. Loss of enriched 0.94% enriched SS material. Memorandum to J.0. Davis.
(Material balance for November 1960; loss of 1850 b, from Pilot Plant). Cmcmnat: OH:
National Lead Company of Ohio. 23 December 1960.

NLCO (National Lead Company of Qio). Over-all Accountabrhty Analyses Report, Plant Startup
Through. (Usually about 10 pages, incl. lists of beginning & ending inventories for normal,
enriched, depleted U).  We have 1976, 1984, 1986 as follows:

Sapirie, S.R. SS Materials Accountability Survey No OR-113 - Station NLO. Report to C.L.
Karl, Area Manager. (Survey of control over source and special nuclear (SS) materials by
NLO made by AEC/ORO. This is fifth such survey.) Atomic Energy Commission, Oak Ridge
Operations, 17 February 1958.

Sapme S.R. SS Materials Control Survey No. OR-125 - Statlon NLO. Report to C.L. Karl Area
Manager. (Survey of control over source and special nuclear (SS) materials by NLO made by
AEC/OROQ. Inspection of lab, review of analytical procedures and practices, scale calibration
and testing program, sampling programs and. evaluation of results; monthly production for
plants including recovery operations). Atomlc Energy Commission, Oak Ridge Operations.
18 February 1959.

Sapirie, S.R. Normal Uranium Scrap Processing FY 1956 and FY 1957; Memorandum to E. J.
Bloch. Cincinnati, OH: National Lead Company of Ohic. 27 November 1956.

J

Sapirie, S.R. to E.J. Bloch, Memoraridum; Normai.Uranium Scrap Processing FY 1956 and FY

1957. Cincinnati, OH: National Lead Company of Ohie. 27 November 1958,

Sapirie, S.R. Unaccounted for Low Enriched Uranium - Plant 8. (Re: Unaccounted for quantxty :

of 53,524 kg of low enriched U in Recovery Operation of Plant 8 this will be included in

Radiological Assessments Corporation
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June 1964 Material Balance Report). US Government Cincinnati Area Office to ORO.
Clncmnatx OH: National Lead Company of’Ohlo 9July 1964 '
‘ PR o L" i
Schwan C.A. Comments on the Safeguards and Matenals Management Survey Report No. OR-
267-FVA Memorandum to M. S Nelson Cmcmnatl OH: National Lead Company of Ohio.
l’ Yio -
Schwan C A. AEC Contact w1th Accountmg Dnvxsxon Memorandum to M.S. ’Nelson ancxnnatx,
OH: Natlona] Lead Company of Ohio. 22 Aprll 1970. S

Spenceley, R.M. Over-all Accountability Analyses Report, Plant Startup Through September
30, 1984 Letter to M.R. Thelsen Cmcmnatx OH: National Lead Company of Ohio. 14
November 1984 S K N

. ', Spenceley, R M Over-all Accountablhty Analyses Report Plant Startup Through September 30,
1985. Letter to J.A. Reafsnyder Natlonal Lead Company of Ohio. 20 November 1985

I

SS Matena] Accountablhty Report Normal Uramum ‘as of December 1961 (Begmmng
inventory, materials received, beginning inventory + receipts, materials removed, endlng'

inventory, ending inventory + removals, Book-Physucal Inventory differences [B-PID] prior
penod B-PID, 35 pages) P N. McCreery, accountabxhty representatlve L

SS Matenal Accountablhty Report Ennched Uramum ( reactor- grade less than 75% U-235) as of

December 1961. (Beginning inventory, material received, begin. inventory. + receipts,

- materials removed, ending inventory; ending inventory + removals, material unaccounted
" for,.16 -pages). P. N. McCreery, accountablhty representatwe Natlonal Lead Company of
O}Iio- 5 “-.;u -l . - o -

SS Material . Accountability Report Depleted :Uranium as of December  1961." (Beginning
inventory, material received, beginning inventory + receipts, materials removed, ending
inventory, ending inventory + removals, Book-Physical Inventory leference, 4 pages) P.N.

L McCreery, accountablhty representatwe Nat:onal Lead Company of Ohxo ‘

SS Matenal Accountablhty Report Thonum as of December 1961 (Begmmng mventory,
"material :received, beginning inventory ¥ receipts, -materidls, removed, endmg ‘inventory,
endxng inventory + removals, Book-Physical Inventory Difference [B-PID], prior period B-
. PID, 4 pages). P. N. McCreery, accountablhty representatwe Natlonal Lead Company of
Ohxo ' " ~:‘. ni .

‘ Vath J.E. to J.E. Hart, 17 October 1960. Request for Approved Inventory Wnte oﬁ's, Normal
-and Enriched SS Materials -FY 1961::(AEC approval given for Temoval of 2,200 1b/mo. to
stack & sewer losses, 9,400 lb/mo to chemical.pit, 600 Ib/mo from pit to river.) National Lead
Company of Ohlo o

. NS ,y o | , - . . " -; ‘,\ " ._,l‘..’

VITRO Handwntten mventory Scrap Recovery-Vltro 29 October 1959. -

n 5,0 ;,_r f" j'.'nc .

Walden, C. H SF Matenal in Plant 7. NLO- 100736 Memorandum to F L Cuthbert Cmcmnatx
OH: National Lead Company of Ohio. 18 July 1955 .
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- Wunder, G. W. Monthly SS Matenal Ba]ances December 1956 Letter to C L. Kar] (AEC) 29
- January 1957. BRI PN RO S
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Appendix A ‘ o ~ PageA-93
Sources of Information

Wunder, G W Matenal Balance Report.s for January 1956 Letter to C. L. Karl. (Includes
procedure for determxmng measured stack Iosses) National Lead Company of Ohio. 13
April 1956. : .

Zupancxc, Ld. Summary Audit Reoort Produ‘chon Recordmg and Reporting and Nuclear
Materials Control. Cincinnati, OH: National Lead Comapny of Ohio. Internal audxt to C.L.
Karl, U.S. Atomic Energy Comm:sswn 2 December 1969.

ITDOCUMENTS - ~ S
Bogar, L.C. & C. Hill to K. Ladrach, Answers to IT Corporation Questions Regarding Addendum
- to FMPC-2082. WMCO:PT:89-005. Cincinnati, OH: Westmghouse Materials Company of

Ohio. 23 January 1989,

IT Corporatlon August 1989 Knoxville, TN.,, Project No. 303063, “"Assessment of Radiation
Dose and Cancer Risk for Emissions from 1951 Through 1984", Feed Matenals Productlon
Center, Fernald Ohio.

IT Corporatlon. December 1987. Knoxville, TN. "Radlatlon dose and risk assessment for the
Feed Materials Production Center, Fernald, Ohno " (Draft Technical Report) Project No.
303063. )

IT Corporation. 1989. Knoxville, TN, Project No. ‘303063 "Radon dose and Risk Assessment for
the Feed Materials Production Center”. Appendix F of IT Report, "Assessment of Radiation
dose and Cancer Risk for Emissions from 1951 through 1984,

IT Corporation..1987. Knoxville, TN. "Dispersion/radiation dose assessment modeling protocol

for the Feed Materials Productxon Center" Fernald Ohxo

IT Corporatlon October 1987 Knoxvxlle, TN. "Radlatlon dose and risk assessment Modeling’
Protocol for the Feed Materials Production Center”, Fernald Ohio. Project No. 303063.55.

IT Corporatlon 7 Ju]y 1986 ‘Knoxville, TN, "Summary of air dxspersxon modehng for FMPC
Facility.” Project No. 303063

IT Corporation. 1986. Knoxvﬂle, TN "Inter:m Report - Axr, soil, water, and health nsk
assessment in the v1c1mty of the FMPC, Fernald, Ohio.”

IT Corporahon 1987 Knoxvﬂle, TN. "Addendum to Intenm Report Air, soil, water, and
health risk assessment in the vicinity of the FMPC, Fernald, Ohio.” '

Ladrach, K. S. (IT) & T. N. Tucker (Lee Wan & Associates, Inc.), Sampling and Evaluation of
Supporting Documentation and Calculational methodology for Selected Items in WMCO
Report No. FMPC 2082 and Addendum. Submitted to U.S. DOE. 23 May 1989.

Anderson,” R.V., Proposed Program for- E-65 Sampling Study; Evaluate the reliability of the
sample taken from the modified K-65 sampling facilities in the hot raffinate building. 07
December 1987.
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Anderson, R.V. , Schematic of K-65 Reslurry Syste?n 7 December 1987.

Bechtel (Bechtel Natlonal ‘Inc.). Study and evaluatron of K-65 sﬂos for the Feed Materrals
Production Center at Fernald, Ohio. Oak’ Rldge, TN: Bechtel National, Inc. January 1990,

| Belmore, F M to C.L. Karl Memorandum Shrpment of K 65 to Fernald Area. 01 August 1951.

Blythe D.J. Letter to G.W, Wunder, New York NY National Lead Company 13 September
D195L . . |

. chl‘

'Boback MW Plans For FMPC Radon Momtormg And Control Memorandum to R.C.

Heatherton. Cmcmnatr, OH: Natronal Lead Company of Ohio, 14 May 1979.

Boback MW Gamma levels inside K-65 tank Cmcmnatl OH: National Lead Company of
. Ohio. Internal memorandum to R.C. Heatherton 11 September 1978. -

. - Boback M.W. K-65 Storage Tanks. Internal memorandum to J.H. Cavendlsh Cmcmnatx OH:

LIRS

National Lead Company of Ohio. 20 May 1980.

_Bogar, L.C. 24 January 1989. Report on the question of gamma bulld-up due to the mtroductxon

of sand into the K-65 domes. Response to inquiry by N. Cohen, New York University
- Medical Center. WMCO:SR(WR):89-007. Appendix E. of FMPC Environmental Safety &
;.Health Advrsory Commrttee Report Cmcmnatr OH: Westmghouse Matenals Company of
Ohlo - : . - . .

" Borak, T. B. “Calculat{on of Radon Emils;)efon, biepersion, and Ijosimetry from K—GS Storage

-Tanks at the Feed Materials Production -Center". Appendix.A of History of FMPC
* Radionuclide Discharges, FMPC-2082. Fort Collins, CO: Colorado State Umversrty October
1985

Borak, T.B. Reply to Comments By .the .EPA.Concerning Appendix I in History of FMPC
Radxonuchde -Discharges. (Comments :to questions regarding. -how source term was
. »estrmated) Fort Collins, CO: Colorado State Umversxty June 1986.

Camargo Associates, Limited. 1985. NLO Inc K65 Srl(Js Study and Evaluation, Fernald Ohio.
. (Study to determine "effective alternatlves for processing and removal of radmm-beanng

residues” currently in silos; did test borings of soil; used subsurface ground radar of K-65
berm) 1986. Lo

Camargo Assocrates, erlted K-65 Sx]os Study & Evaluatlon for NLO Inc. Volume I Sectxons I
through IX. 26 page report. 7 November 1985

¥ H

Church A Jr. K-65 Samphng Expenment.. Memorandum to d. S Brertenstem Cmcmnatl OH:

Natxonal Lead Company of Ohro 12 October 1953
Consxgho, J T. to Flles NYO00, Memorandum Report of meetmg RE Radlum Measurements i
Pitchblende Ore and Sludges; 26 June 1953." :

- Davis P. K-65 Startup. Internal: memorandum to R.C. Heatherton Cmcmnatr OH: National
‘Lead Company of Ohio. 19 July 1952, . . : : , .
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Appendix A _ . _ . Page A-95
Sources of Information )

EG&G. Report on Radon, EG&G Aerial Survey, Areas of Anomalous Gamma Radiation in
Paddys Run Creek 1986 NLO/ICN 2207965. -

Fleming K.N. Survey of the K- 65 Area-Friday, Aprxl 18, 1986. Internal memorandum to S.L.
Hinnefeld. WMCO:EH(HP):86:0086; Cincinnati, OH: Westinghouse Materials. Company of
Ohlo, 18 April 1986.

GAP (Government Accountability Project). Wasting Away, A special report on governmental
neglect of the “K-65” radioactive waste at Fernald. (Includes large number of attachments).
Washington, D.C.: Government Accountability Proje’ct‘;F'ebruary 1987.

Gels, G. L. 1190. Radon Data at Air Monitoring Station-6. (Two weeks of radon conc. on hourly
basis with Pylon real-time Rn monitors & Terradex alpha detectors, 3 pages).
WMCO:EMT(EM):90-0552. 12 September 1990 '

Green, L. E. K-65 Radon Emanation, Summary of Preliminary Data: Memorandum to M.W.
Boback. Cincinnati, OH: National Lead Company of Ohio. 18 August 1980, = -

Grumski, J. T. (WMCO) Conceptual Design Report (CDR) - K-65 Storage Silo Radon Mitigation
and Dome Remforcement Study, 50 pages. 14 Aprll 1987

Grumski, J. T. 30 July’ 1987 FeaSlblhty Investlgat.ron for Control of Radon Emission From the
K-65 Silos. (83 pages, includes appendix with analysis of potential and probable accidents
occurring at K-65). Westinghouse Materials Company of Ohio.

Grumski, J. T. & P. A. Shanks. 4 February 1988, Completion K-65 Interim Stabilization Project
Exterior Foam Apphcatlon/Radon Treatment System Operation, WMCO: TD:88-056, 74

pages.

Heatherton, R.C. to W.J. Adams, Memorandum; Improvements needed at the K-65 tanks;
Radon-222 from the decay of radium-226 in the residues wil stream from any opening. Each

of the K-65 storage tanks has several openings from" which radon can escape. Cincinnati, -

OH: National Lead Company of Chio. 26 April 1979.

Heatherton, R.C. to J.A ng]ey, Memorandum; Radiation Survey of K-65 Test Shlpment 08
September 1952. .

Heatherton, R.C. 26 April 1979. K-65 Tank Improvements. Memorandum to WJ Adams
National Lead Company of Ohxo

Hinnefeld S.L. Radium-226 in K-65 tanks. Internal memorandum to M.W. Boback. Cincinnati,
OH: National Lead Company of Ohio; 21 June 1982.

Huke, F.B. to Evans, R., Memorandum; K-65 Sludge Radium Assays; 26 March .1963.

Huke, F.B.to Evans, R., Memorandum; K-65 Sludge Radium Assays; 06 July 1963.

" IT Corporation, Knoxville, TN, Project No. 303063, "Radon dose and Risk Assessment for the

Feed Materials Production Center”. Appendix F of IT Report, "Assessment of Radiation dose
and Cancer Risk for Emissions from 1951 through 1984. 1989.
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Jensen, L., Radon-222 air samples taken on and near the FMPC; September 25, 1985. US EPA,
10 pages NLO/ICN 2302246. 24 October 1985

K-65 Sampling Study; Ship USA-C-4; Chem K- 65; B-64AT-0004; Handwntten date and time log;
February 1954 .

Karl, C.L. 'Radium analyses in K-65 samplmg est. Memorandum to G.W. Wunder. (C.J. Rodden
of New Brunswick Laboratory is prepared to analyze for radium in samples during K:65
expenmental run). ancmnatl OH Natrona] Lead Company of Ohio. 25 January 1954

Karl, CL 30 October 1956 Pitchblende - Q-11- Processmg Problems. Memorandum to S.R.
Sapirie, ORO.. (Dxfﬁcultles in processmg Belgxan Congo pitchblende). Ferna]d Area, UsS
Government. L

Keys, R.W. 28 August 1985. Advice About Radon Measurements at K-65 Silos. Record of phone
conversation with Tom Borak, Colorado’ State University. (For advice on estimating source
term for Rn and daughters from silos).” DOE Contact Report National Lead Company of
Ohlo

Keys, R.W. 28 August 1985. Radon Measurement at K-65 Silos. Record of phone conversation
with C.W. Miller. (For advice on estimating source term for Rn and daughters from silos).
DOE Contact Report, National Lead Company of Ohio.

. Keys, R.W. 27 August 1985. Mansanto-Mound Report #MLM MU-85-68-0001, Radon and
' Radon Flux Measurements at the Feed Materials Production Center. Record of phone
conversation with W. Cottrell, ORNL Radiological Survey Activities Group. (Implications of
. -the report in terms of request by Hlbbets for source term for K-65). DOE Contact Report,
' Natmnal Lead Company of Ohio. '

Leist M.L. Handwritten note; A Typica] MCW Raﬁ'mate (Dried Basis)' 20 August 1968.

Levy, L.M,, K~65 Sampling Study in the Hot - Raff‘ nate Area; 13 page draft report plus
expenment tables; 1973

.
N

Litz, J.E. 30 May 1974. Treatment of Pitchblende Resxdues for Recovery of Metal Values Report

.of project for Cotter Corporation, Canon City, Colorado. Hazen Research, Inc (Study

Tecovery of the metals in pxtchblende resrdues from Lewiston, NY and Fernald)

~ Lukens, R.P, and J. W. Delaplame, Cata’lyt:c Construction Company, 12 page report Hot
' Rafﬁnate 'I‘reatment Process De51gn,6July 1951 ' : ,

Lynch J.R. Q-ll Campargns (Summanzed productwn mformatlon for Q11 campaxgns)
Cincinnati, OH: National Lead Company of Ohio. circa 1955.

* Madoffori J. K-65 Inventory Intérnal memorandum to P.C. Felst Cmcmnatl OH ‘National
Lead Company of Ohio; 29 September 1955."

_,IMadoﬁ'on OR K~65 Inventory.’ Internal memorandum to PC FEISt Cmcmnatl OH: Nat:ona]
' Lead Company of Ohio, 28 October 1953 ': N

S ~ s
-

Madoffori J. K-65 Inventory. Internal memorandum, to PC Feist; Cincinnati, OH National
Lead Company of Ohxo, 29 November 1955. :
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Appendix A | ' o : Page A-97 |
Sources of Information .

. Martin, H. K-65 storage tanks. Internal Memorandum to A. Stewart. Cmcmnatr OH: National . )
Lead Company of Oho; 8 November 1957. S . e

Mihalovich, G.S. Report on the Question of gamma build-up due to the introduction of sand into
the K-65 domes. Report to L.C. Bogar regarding questions from N. Cohen, New York
Umversxty Medical Center See letter, Bogar, 24 January 1989 in K-65/Radon section,

Morgan, J.P. K-65 Sludge Radium Assays Memorandum to R.D. Evans. Cmcmnatx OH:
Natronal Lead Company of Ohio; March 1952 .

Morgan, JP K-65 Sludge Radium Assays; Memorandum to R.D. Evans. Cincinnati, OH
National Lead Company of Ohio; 21 December 1950. , .

.. " Morgan, J.P.. K-65 Sludge Radium Assays; Memorandum. to R.D. Evans. Cincinnati, OH:
) National Lead Company of Ohio; 7 March 1951. C

Morgan, J.P. K-65 Sludge Radlum Assays, " Memorandum to R.D. Evans. Cincinnati, OH:
National Lead Company of Ohio; March 1951. .. o

Morgan J.P. K-65 Sludge Radium Assays, Memorandum to R.D. Evans, Cinclnnati, OH:
National Lead Company of Ohio; 3 May 1951.

Nelson M.S. K-65 area Survey results and actions. Letter to C.L. Karl Cincinnati, OH: Natronal
Lead Company of Ohio; 10 March 1972. . :

" Nelson M.S. U content of silos. Letter to C.A. Keller. Nahonal Lead Company of Ohio; 21 ]
September 1972. N

| NLCO (National Lead Company of Ohio). Elemental Constituents of FMPC Silos; Table showing
constituent for Silos 1,2 and 3; 700001A; No date.

Noyes J.H. 1958. Letter to C.L. Karl. Cmcmnatl OH: Natlonal Lead Company of Oh:o, il

September 1958
5 : _ Noyes J.H, Progress phot.ographs on protective work at K-65 tanks. Letter to C.L." Karl.
#, . Cincinnati, OH: \Iatlonal Lead Company of Olno, 1 May 1964:
-—« Quigley, JA. Request f'or Survey at K-65 Storage Area. Memora<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>