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PREFACE

\

This is one of a series of reports resulting from a program initiated
in 1974 by the Atomic Energy Commission (AEC) for determination of the
condition of sites formerly utilized by the Manhattan Engineer District (MED)
and the AEC for work involving the handling of radioactive materials. Since
the early 1949's, the control of over 100 sites that were no longer required
for nuclear programs has been returned to private industry of the public
for unrestricted use. A search of MED and AEC records indicated that for
some of these sites, documentation was insufficient *o determine whether or
not the decontamination work done at the time nuclear activities ceased is
inadequate by current guidelines.

These reports contain the results of surveys of the current radiological

condition of Eckhart Hall, University of Chicago, Chicago, Illinois.

This survey was performed by the following Health Physics personmel of
the Occupaticnal Health and Safety Division, Argonmme Natiomal Laboratory,
Argonne, Illinots: R. A. Wynveen, W. H. Smith, C. Boggs Mayes, P. C. Gray,
D. ¥. Reilly.
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RADIOLOGICAL SURVEY OF THE ECKHART HALL, RERY N ﬂ
UNIVERSITY OF CHICAGO, CHICAGO, ILLINOIS

INTRODUCTION

Much of the work involved in the Manhattan Engineer/Atomic Energy
Commission (MED/AEC) Era was perfofmed at the University of Chicago,

The Eckhart Hall was one of the buildings in use at that time. Some
radiochemistry and/or physics research for the MED/AEC project was per-
formed in this building.

No reports o. radiation surveys or decontamination could be found
concerning Eckhart Hall. It was, therefore, felt that a radiation survey
should be undertaken. The survey of Eckhart Hall was performed from
September 25 to March 22, 1977. The survey was performed on an inter-
mittent basis during the quarter breaks to minimize the disturbance of
the University's operations. The purpose of this survey was to determine
if any detectable contamination remains as a result of the MED/AEC opera-

tions.

Eckhart Hall is presently in use as offices, laboratories and class-

rooms.
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General

All accessible original walls were surveyed to a height of 2 meters
and all accessible floor areas were surveyed. In many areas, the floors
and walls had been retiled or painted. Even though these were not the
original surfaces, these areas were surveyed since the instrument capa-
bility was adequate to detect activity on the original structures under-
neath. A representative selective survey of overheads such as pipes, vents
and light fixtures was performed in areas where the original structu¥es
were available. See Table 1 and Figures 1A through 1lE for locationé of
accessible areas surveyed. (All measurements were originally taken using
the English system. The SI units are to the nearest approximation. For
example, 2 inches are equal to 5 cm.)

Instrumentation

Three types of survey instruments were used (Table 2). An Eberline
floor monitor, Model FM-4G, having a detection area of 325 cm®, utilizing
the Eberline PAC-4G-3 electronics, was used to survey fhe pad. An Eberline
PAC—4G;3 with a hand-held detector, 61 cm? in sensitive area, was used to
survey the walls and other areas not accessible with the floor momitor.
Double aluminized mylar (0.85 mg/cm?) windows were used for both detectors.
The thin window allows for low energy detection and, therefore, provides
for increased instrument sensitivity. Both of these instruments were
initially used in the beta mode. In the beta mode, the detector responds
to alpha and beta particles and X and gamma rays. When areas were found
which indicated a higher count rate than the instrument background, the
instrument was then switched to the alpha mode which responds to particles

with high specific ionization, such as alpha particles, and a reading of
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the alpha activity, if detectable, was obtained.

An End Window Geiger-Mueller (G-M) Detector, Eberline Model E-500B
with a 2.2 cm diameter window held one meter above the floor, was used to
determine general background radiation levels throughout the surveyed area.
If an area was found that had an elevated count rate, a contact reading
was obtained.

The End Window G~-M Detect;r was calibrated using the gamma emissions
from a Radium=226 (zzsRa) calibration source. The Eberline floor monitor
and hand-held detector instruments were calibrated in the alpha mode using
a flat plate, infinitely thin Plutoni;m9239 (23%u) sta-dard and in the
beta mode with a flat plate, infinitely thin Strontium-90-Yttrium-90
(%9sr-30Y) standard. The instruments were calibrated so as to provide an
apparent 50% geometry.

It should be re;lized that .the numerous isotopes which could be en-
countered will exhibit emission energies differing from that of 239y and
905r-90y yeilized in the calibration. When detecting known nuclides that
emit alpha and beta energies differing from that of the standards, a con-
version factor for the particular radionuclide is developed to determine
the appropriate yield. All readings of dis/min - 100 cm? as reported are
equated to 23%Pu and 99Sr-99Y, unless otherwise stated.

When possible, the nuclides of contamination were identified. This
was done by performing a gamma spectral analysis on a contaminated item or
a representative sample from a contaminated area. A Nuclear Data Multi-
channel Analyzer Model ND-100, utilizing a 7.6 cm x 7.6 cm Sodium Iodide
Thallium activated [NaI(Tl)E crystal was used for determining the gamma-ray
spectrum. This instrument, along with all other survey and sampling devices,

was housed in the mobile laboratory.




Smear Surveys

Dry smears were taken throughout the entire area of Eckhart Hall. 4&
standard smear is performed by applying moderate pressure by the tips of
the first two fingers to the back of the filter paper. All smears were
taken with No. 1 Whatman filter paper, 4.25 cm in diameter. Smears of
930 cm? were normally taken. If an area was found which has a higher than

2

normal background, a smear of 100 cm? was taken. Smears of 100 cm? were also

taken if the survey area showed excessive dirt loading. The smears were counted
in groups of ten using a 10-Wire Flat Plate Gas.Proportional Detector,
developed at Argonne National Laboratory (ANL), utilizing an Eberline Mini
ScAler Model MS-2. At least one smear of each group was removed and counted
in the more sensitive Nuclear Measurement Corporation 271 Internal Gas Flow
Proportional Counter, Model 3A (PC-3A) using a mylar spun top. (The mylar
spun top is placed over samples to negate the dielectric effect when counting
samples on non-conducting media such as paper.) This procedure was used as
a more sensitive means of counting a selection of the smear samples. All
smears of areas or objects with elevated direct readings were counted. In
addition, any smears indicating above background levels in the 10-Wire
Assembly, were also counted in the PC Counter. Smears were counted in both
detectors for alpha and beta activity. Appendix 1 provides the instrumenta-
tion and smear count conversion factors used. All contamination on the smears
is equated to %0gr-%0y and 23%wy, unless otherwise stated.

Table 1 includes the room survey results while the maps in Figure 1lA
through 1lE indicate the location of the smear in the room. A number in a
circle,<:>, indicates a smear of an overhead structure. A number in a square,

Eﬂ, indicates one of the following: an elevated direct readiﬁg, a smear of

an area or object that had an elevated direct reading, or a smear that
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exhibited a greater than background count.

Air Samples

Air samples were collected using a Filter Queen air sampling device.
The Filter Queen Princess Model is an air sampling device utilized for the
sampling of radiocactive particulate matter in the air. This unit was
designed and comnstructed at Argonne Natiomal Laboratory. (See Figure 1A
through 1E for locations of air samples.) The collection medium consisted
of a 200 cm? sheet of Hollingsworth-Vose (HV-70-0.23 mm) filter paper which
collects the particulates present in the air. A flow rate of 15 or 25 cubic
meters per hour (m3/h) was used. A 10% portion, 5 cm ia diameter, was
removed from the filter media after collection and counted for both alpha
and beta activity in the PC Counter, utilizing a mylar spun top. The
collection efficiency for 0.3u particles at this flow rate is approximately
99.9%7. Sampling results were used to determine.radon concentrations and
the presence of any long-lived activity. Air sample calculations are
presented in App;ndix 2.

Soil Samples

In addition to the survey inside the building, soil corings were taken
at selected locations in undisturbed areas outside Eckhart Hall to determine
the depos?tion if any, of nuclides that could have been spilled or released.
(See Figure 1F for soil sample locations.) Radiochemical (fluorometric)
and gamma-ray spectral analyses were conducted on these soil samples.

The corings were effected.using a 10.1 cm in diameter by 15.2 cm in
length right circular ecylinder, commonly called a éolf-green hole cutter.
Edch total core sample 30 cm in length, was divided into four segments.
Starting from the surface, three separate 5 cm segments were cut, bagged, and

marked A, B, and C respectively; the final segment, of 15 cm, was marked D.




The reasons for the segmented coring is to determine what contaminant
migration may have occurred, to reduce the dilution of lower level soil
with the upper level segments with respect to the surface deposition of
the contaminants or vice versa, and to reveal any overburden or backfill
which may have occurred over the years.

Two soll samples were taken from the grounds adjacent to the Eckhart
Hall. figure 1F indicates the soil sample locatious.

Background data for the soil sample analysis (Table 7) were obtained
from a number of soil samples taken from the Chicago area. This information
was obtained from the Environmental Monitoring Seci*on of the Occupatiomal
Health and Safety (OHS) Division of ANL.

All soil samples were processed at ANL (Figure 2) and shipped to a
commercial laboratory (LFE Environmental Analysis Laboratories) for radio-
chemical (fluorometric) and gamma specral analyses. Their soil analysis
procedure is described in Appendix 3.

Sample preparation as depicted in Figure 2 consisted of weighing the
‘samples in their entirety and then drying for approximately 24 hours at
80° Centigrade. All samples were then reweighed, placed into mill jars
(8.7 2) and milled until a sufficient amount of the soil sample would pass
a No. 30 standard sieve. At no point were the rocks and heavy material
ground or pulverized since this material would act as a diluent and hence
lower the concentration per unit volume of deposited material. After
sufficient milling, the material was sieved using a No. 30, 600 micron (u)
standard stainless steel sieve. The rocks and dross vs. sieved material
(< 600 ) was segregated, bagged, and weighed separately. Soil sample
weights are given in Table 5. Aliquots of the sieved material were loaded

into screw top plastic containers. The amount of sieved material varied




radiochemical (fluorometric) analysis and 10 grams for radiochemical

(fluorometric) analysis only. Every effort was made throughout the sample
preparation operations to reduce or eliminate cross contamination. Soil
samples which were suspected of containing elevated amounts of radio-
activity were processed in equipment separate from the soll samples
considered to contain background levels. All items of equipment were

scrubbed and air dried prior to the introduction of the next sample.
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ANALYSTIS OF SURVEY RESULTS

General

All data, and diagrams of survey locations are in the attachments.
This section discusses the results of the survey and the findings therin.
Instrument readings and smear results were converted to units of disintegra-
tions per minute per one hundred square centimeters (dis/min -.lOO cm?)
using the factors in Appendix 1. All data is reported in net count, i.e.,
the background count rates have been subcracte& from the gross count rates
prior to converting from counts per minute per one hundred square centi-
meters (c/min - 100 cm?) to dis/min - 100 cm?., The beta mode readings
are corrected to remove any alpha contribution. The room background levels
varied somewhat due to the comstruction materials in them. Table 3 provides
an average background reading for all modes of the different instruments
used.

The areas accessible for survey varied from area to area. Areas
accessible for survey are presented in Table 1. The average percent of
the total accegsible areas was 60%Z for the floors and 557 for the walls,

Instrument Surveys

Contamination was found in eight rooms throughout Eckhart Hall. This
contamination congisted of small spots of activity, found mainly on the
floors. See Table 1 and Figures 1A through 1lE for the maximum readings
and locations of the contaminated areas. 4 odj“;\o

The highest level of activity was fqundl;n the front stairs leading
from the basement to the first floor. The beta~gamma reading was 3.5 x
105 dis/min - 100 cm? and the alpha reading was 3.9 x 10“ dis/min - 100 cm?.

The G-M End Window reading was 2 mR/h at contact and background at one meter.

Smear Survevs

No contamination above background levels could be detected on any smears.




Air Samples

The air sampling results are presented in Table 4. The variatiom of
the data results do not appear-to be a result of any MED/AEC operatiom,
but rather the variation reflects various environmental factors such as
wind, rain, and diurnal variation. Other factors such as the ventilation
of the room can cause the radon concentrations to vary. All radon concen-
trations determined are below the maximum permissible concentration (MPC)
for an uncontrolled area as listed in the "Standards of Protection Against
Radiation," Code of Federal Regulations, Title 10, Part 20, Appendix B
(April 30, 1975) (10 CFR 20). These concentrations are found L be within
the normal expected levels of radom.

Soil Samples

Results submitted by LFE Environmental Analysis Laboratories, as
listed in Table 6, are reported in picocuries per gram (pCi/g) for the
Germanium (Lithium) [Ge(Li)] spectral analysis and in micrograms per gram

(ug/g) for the uranium fluorometric analysis. The latter concentrations

were coverted to pCi/g by means of the example calculation shown in Appendix 4.

The background data is presented in Table 7. The background samples

indicate natural uranium concentrations ranging from 0.3 to 2.0 pCi/g. Results

of soil samples taken at Eckhart Laboratory fall within the range of the con-

centrations found in the background samples.
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CONTAMINATION GUIDELINES i&j l_éd‘JJ é

Both the ANSI Standard N13.12 for the control of radiocactive surface

contamination of facilities to be released for uncontrolled use and the NRC
Guideline for the release of property for unrestricted use, were considered
as guidelines (see Appendix 5).

Since none of the spots of contamination were easily chipped from their
location, the spots could not be identified as to the radionuclide of con-
tamination. It is known though, that plutonium, uranium, and radium were
used in various buildings at the University of Chicago. Both plutonium and
radium are considered Group 1 radionuclides in the ANSI Standard while
uranium is in Group 3. Since radionuclide identification was impossible
and it is feasible that plutonium and radium could have been the radio-
nuclides of contamination, the limits for Group 1 radionuclides will be
used. The NRC Guidelines for ?ZGRa and 23%u are as follows: the average
is 100 dis/min - 100 cm?, the maximum is 300 dis/min - 100 cm? and the re-
movable is 20 dis/min - 100 cm?. The measurements for the average may not
be averaged over more than one square meter and the maximum level applies
to an area of not more than 100 cm?. Also, the average and maximum radia-
tion levels associated with surface contamination resulting from beta-gamma
emitters should not exceed 0.2 mrad/h at 1 cm and 1.0 mrad/h at 1 cm,
respectively, measured through not more than 7 mg/cm2 of total absorber.

The proposed ANSI Standard is more restrictive than the NRC guide
when considering 225Ra or 23%9Pu. The allowable limits in the ANSI Standard
for 225Ra and 239Puy is 20 dis/min - 100 cm? removable and the limits are
such that the total (fixed plus removable) activity must be non-detectable

and the instrument utilized for this measurement shall be calibrated to




11

E-10812 M Hl 14

measure at least 100 pCi of the contaminant uniformly spread over

100 cm?.

The areas of contamination which were found to be greater than the
acceptable surface contamination levels for Group 1 radionuclides as
given in the proposed ANST Standard N13.12 are as follows:

Room 3 - Two spots on floor - Smear Location 3 and 4

9 - Spot on floor - Smear Location 7

12 - Spot on floor - Smear Location 7
19 - Spot on bench and floor - Smear Locationm 4 and 5
25 - Spot on floor -~ Smear Locatiom S5

27 - Spot on wall - Smear Location 7
Basement - Spots of floor and stairs - Smear Locationm 7, 8, 9, and 10
Corridor
and Stairs
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HAZARD EVALUATION i ‘é}dd i

T v

i

In order to assess both the axtermal and internal radiological hazard
involved with Eckhart Laboratory, a hypothetical situation involving the
basement stairs will be coustructed. The highest level of contamination
was found at Smear Location 10 on the basement stairs.

To assess the external radiological hazard, the highest G-M reading
of 2 mR/h which was obtained at the above locatiom, will be considered.

* The G-M reading at 1 meter away was not distinguishable above background.
It is, therefore, concluded that this elevated reading does not pose
an extérnal radiological hazard.

Personnel involved with this facility during the MED/AEC era, recall
that 226Ra was used in this building. Since it was not possible to
identify the radionuclide(s) of contamination and it was known that 226pa
was used in the building, the activity will be equated to 226Ra to deter-
mine the internal radiological hazard.

The level of activity found on the concrete stairs was 3.5 x 10°
dis/min - 100 cm? By equated to 9057-20Y and 3.9 x 10* dis/min - 100 cm?
equated to 23%Pu. The beta-gamma activity in terms of ?25Ra would be

determined as follows:

3.5 x 105 dis/min 8v(%9Sr-90Y) . 4.7 dis/min 8y(22fRa)
100 cm? 2 dis/min By (%95r-20y)

8.2 x 105 dis/min 3v(22533)(l)
100 cm?
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The alpha activity would be:

3.9 x 105 dis/min 2(23%Pu) . 1.6 dis/min a(?25Ra) _
100 cn2 2 dis/min «(%<°Pu)

3.1 x 105 dis/min a(226Ra) (D)
100 em?

Since the beta-gamma activity is greater than the alpha activity

the estimate of (1)
8.2 x 105 dis/min 8y’ (%25Ra)

100 cm?

will be used.

A probable situation which could arise would involve the preumatic
jackhammering of the concrete stairs in a dry condition, thereby creating
an aerosol. This appears to be a satisfactory situation to comsider for
the purpose of assessing a potential radiological hazard.

The spot of'contamination found on the stairs encompassed an area

no larger than 1000 cm?. Thus, the total activity would be:

5
8.2 x 10 dis/min(ra) '

2 o 6 11 . .
o0 o2 1000 cm 8.2 x 10 dls/mln(ra)

This is equal to:

1 pCi
8.2 x 106 dis/ming .y ° (ra) = 3.7 uCi
2.22 x 108 dis/min(ra)

(ra)

It will be assumed that one person is operating a jackhammer to chip
up some of the concrete on the stairs so that new concrete can be poured.

It will be assumed that the entire contaminated area of 1000 em? will be

jackhammered.
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If the contaminant had not penetrated the concrete, the contamination
should be confined to the near surface of the concrete. Therefore, it will
be agsumed that the radiocactivity is confined to the top 0.3 cm of the
concrete. If the concrete is jackhammered to a depth of 0.3 cm, the con-

centration of the radionuclide would be the following:

3.7 uCL 3.7 uci
(ra) - (ra) . 1.2 x 1072 WCi . /em® |
0.3 cm x 1000 cm? 300 cml
Since jackhammering results mainly in large pieces concrete rather

than small particles, the assumption will be made that only 10Z of the
concrete will become airborne respirable. Using this assumption, only

30 cm® of concrete and 0.37 uCi(ra) would become airbornme respirable.

3(2)

The density of ordinary concrete is 3 g/cm Thus, the amount

of contaminated concrete that would become airborme would be:

30 cm? 3z, 90 g.
cm3

One can assume that the concrete is dry and that a maximum dust burden
would be created from the jackhammer disturbance. This maximum dust burden
would, however, most probably be no greater than the Threshold Limit Value

(TLV) for Nuisance Particulates. The TLV is 15 mg/m3 or 1.5 x 1072 g/m3(3).

If an aerosol was generated which contained this TLV, the number of

cubic meters of contaminated air would be the following:

3
90 g ° - = 6 x 103 m3.
1.5x 102 g

The total activity of 3.7 x 107! uCi(ra) would be suspended in 6 x 103 m3 of

air which would result in the following concentration:
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3.7 x 107} MCL oy
= 6.17 x 1075 uCi/m3 = 6.17 x 107!! uci/cm3
6 x 103 m3

It should be realized that only a limited number of people would be
directly involved in such a postulated enviromment for any length of time.
In addition, the level of concrete dust described herein would probably
be reduced at the height of a person's breathing zone due to the high density
of the concrete. The Maximum Permissible Concentration in the air (MPCa)

)

for radium in an uncontrolled area is 2 x 10~!2 uCi(ra)/ml Comparing

the postulated level to the MPC, the following value is obtained:

6.17 x 10 1! pcCi/cm
2 x 10-12 uci/ml

= 30.8

In the preceding situation, we have generated an aerosol which is 30.8
times greater than the MPC.

Since the jackhammering of the sm;ll area would not take very long and
the particles would soon fall out of suspension, the aerosol created is
assumed to last only 10 minutes. A person involved in this operation for

this period of time would inhale the following level of activity:

1.2 m3 of air
60 min

* 10 min = 0.2 w3 of air

or

6.17 x 10™5 uci
0.2 m3 * (ra) _ 1.23 x 1075 ucC

m3

(5)
Lay -

The fraction reaching the organ of reference, which in this case is
the bone, would be 0.03(6). Therefore, the total reaching the bone would

be:

1.23 x 10-5 pci * 0.03 = 3.69 x 1077 uci

(ra) ra)’
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The maximum permissible burden of radium for the bome in the total body

[q(K)] is 1 x 10°! UCi(ra)(7)' Comparing the total reaching the bome to
the maximum permissible bone burden, the following is obtained:

3.69 x 107 uci
(ra) . 3.69 x 10-5.

Ci(ra)

1x10 !y

Thus, the person would receive 3.69 x 10~% or approximately 0.0004Z of a
bone burden from this operation. Even though these calculations are based
on reasonable hypothesized values, it must be realized that the actual
total activity could be less than but probably not greater than the

hypothesized value.
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FOOTNOTES

The conversion factors for dis/min 8-y (3%sr-20Y) and dis/min o

(23%u4) to dis/min for the PAC-4G~-3 as given in Appendix 1.

(ra)

This value is taken from the Table, "Demnsity of Elements and Common

Material," as given in the Radiological Health Handbook, January, 1970.

The Threshold Limit Value is 15 mg/m3 for Nuisance Particulates from

the Occupational Safety and Health Standards Subpart Z - Toxic and

Hazardous Substances, May 28, 1975.

The Maximum Permissible Concentration values are given in ""Standards

for Protection Against Radiation," Code of Federal Regulafions, Title 10,
Part 20, Appendix B (April 30, 1075) (10 CFR 20), for an insoluble radio-
nuclide in air in an uncontrolled area.

This value is from the "Specifications for Standard Man' as given in

the Radiological Health Handbook, January, 1970.

This value is taken from the Report of Committee II of Permissible Dose

from Internal Radiation (1959), International Committee on Radiological

Protection (ICRP).

This is the maximum permissible bone burden for 226Ra as found in the

Report of Committee II of Permissible Dose from Internal Radiation (1959),

International Committee on Radiological Protection (ICRP).
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FINDINGS

A comprehensive radiological survey was completed at Eckhart Hall,
University of Chicago, Ch{ff§°’ Illinois. Some radiochemistry and/or
physics was performed at Jones Laboratory for the MED/AEC project in - -7
the 1940's. This building {E’EZ; in use as offices, laboratories and
classrooms,

Instrument and smear surveys indicate that some contamination is
still present throughout the building. Most of this contamination,
consisted of small spots of activity on *he floors and walls. No
radionuclide identification could be performed on the spots.

Personnel involved with this facility during the MED/AEC recall
that 226Ra was used in Eckhart Hall. Since the activity found throughout
Eckhart Hall could not be identified and it is known that 225Ra was
used, the acceptable surface contamination limits for 226Ra ag given in
the proposed ANSI Standard N13.12 for the control of radiocactive surface
contamination of facilities will be used as guidelines. In accordance
with the proposed ANSI Standard, 7 rooms were found to be in excess
of the allowable limits. Smears of these areas indicate that the con-
tamination is fixed and not removable.

Radon concentrations were determined at selected sites including
areas where contamination was found. The air sample data indicates
normal radon concentratioms.

Soil samples were taken about the grounds of Eckhart Hall to determine
the deposition of any radionuclides that could have been spilled or

released. Results of the soil sample analyses show no elevated readings

above the natural background levels in the soil.
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FIGURE 1B
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FIGURE 1C

ECKHART HALL SECOND FLOOR
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ANL-HP DWG.NO. 78-33

FIGURE 1D

ECKHART HALL THIRD FLOOR
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FIGURE 1E

ECKHART HALL FOURTH FLOOR

ANL- HP DWG.NO. 78-34
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FIGURE 1F
ECKHART HALL SOIL SAMPLES
ANL-HP DWG.NO. 78-36
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FIGURE 2

SOTL SAMPLING PROCEDURE AND PROCESSING DIAGRAM ANL-HP -DWG. 78-2

GROUND LEVEL

\/H\ A )
NN 'l () ) (1!
. on b NTY WEIGHT DRY WEIGHT BALL
o (WET) 80°C (DRY) MILLED
R A
5CM \_,/ . :
—1 | | WEIGHT ‘
scm| N_B A 100g Ge(Li)GAMMA OF
- SPECTRUM ANALYSIS PRODUCT
| w AND SIEVE &
URANIUM FLUOROMETRIC 600
15 CM |
B,C,D 10g URANIUM MICRON
D WEIGHT
FLUOROMETRIC ONLY ROCKS
—3—\_/ DROSS
l<— 10 CM —>

STORAGE STORAGE




*1001) DAOqT IAI0M | I I Em (00> PYAI 1035231a¢ AOopury puz H-9

Wm0 uim/a  qng *3 1M O1
. :—!\_,u L] ugm/a Ny Ja3ano) Od
*Aaessadnu sen AaAing acpugp puy
R-D 1783005 ou ‘@103033N3 !p31ra1ep sea A17aj17e op (Kieewasap 10N) LI ZM7 19-0im/2 060 Lwd (g-ugm/a 007-06Y €-0%-0vd
LM grE-upm/a 05-0 ma grg-ujm/o 000Z-00S} a03juoy J00(d
*K1wspadeu ren Larine epom widie ou ‘siojeinyy !spow apol ey FPOR 1A
®I0q 543 uj punoaBydeq saoqe padelap AITATIdW of (3tqeayiddy 1o0W) S.Sv sRuypray punoayorg Juswniisrul (punosBydvy) anan:v
*giuoA pus sodjd ‘earanoy ‘sionp :Bupmo[(oj Oyl Ae yons 39410, Ww PAY]} *pakonins sease 913 Inoy3noiyy wyseq
~MEe[D MEA)] [RPINIONIIN BJPINOD Jou PIp SuoyIEdO] PYL (IUEINERI-UON) mz?.v POIIB|AR B WO UDEDI|D PARA AUDJIRI0| B|dwes 11y {p3)10ATAS 10N) m-.A
AI.- T
*RAEJINS PEIYIIA0C [YUESTI0 YIw3aa 03 BAINIONIIM YsFowIp 03 AIfeRedaY swopnjainns eydie Lue soj pajvsuadmos aie eSujpess apom e1aq ayg i
c— ou a1edpul KGAINS [1EA pur 10013 (PR ]eAGU(] PANIOINIIE PYINIDAQ) :ch.; cuopInipra aaepnoafiaed pue opiauBreniinals Yiloq #109310p Ipoy ....n.::
o aumn e "N L] N N VR an nso amm aone SN 0s os| zov
ang aone NN VN ¥N N N anN nso anme aonmq SN <9 09 10
) s0ppazo)
Lh anan A NN YN N ¥R R AN nso anxe anm SN 001 01| 10004 4y
| aone and NN AL AL N VR an nso aome o SN <9 09| 007
|
_ aDxf aoxa NN AL} N AL m N nso aoxe (1)L SN 0s S| €re
% anna aom NN W L] N wm au fso anm am SN 11 0] e
t
amq aone LL] VN AL w A4 an fiso GOAR anna SN (129 (1} 1€
ame aoxe NN w ¥N N W an nso aom [l 1] SN (129 S¢| ote
() L) aomd NN AL N w AL 3N nso aong ao9s SR [113 o8] 67C
e (143 1] NN VN N AL AL | N nso [14) 1} L5 1] SN sy 0% ] RIC
aoaq aniy L] N VN VN N aN fso aome aos SN 0% (114 (241
amg aons NN AL N AL W an nso ad i) 1] SN 0¢ 0% 92¢
mne aomn NN YN N VN N anN nso anxe qone SN [129 0os) szt
. aoxng aoe L] VN N YN N bl [t} ] aom aone SN [11] 09| "¢
aone anine NN N VN N W an amn amsm aoma SN oY 0y) €It
aone aong NN N N N AL -1} nso Qe amn SK [119 0s (244
anme aone NN VN VN YN YN n nso aone an &N 0s 119 1ze A
3 ame and SH (1} ] 0S| Ov¢ monn
aong (1) | A:zz VN VN .35— () N n..__.__:mc ) A:_
1370w 1} 10euo) | aaan praaaan | S1ITH LEL I ] Fa g | prmpaaan EILPH raoaf4) (v/101) 1rn aoaid]l oy epasy
A.«.ﬂ“\mﬂ.v )/ wa) 2™ Dot-um/Rip (;m> gor-vim/ey u__..u.ﬂﬂ . a_.:”“““w.w a0 mooy
- f kL R a9 13211 opuN PI3g 5
AT TN noputp pua pAugpray 10021Q PPoH rPudgy rRUJpray a w0 Pt wE0% oo Euthyery
ELETTS |




sgjuna pur sadpd ‘eraanoy "sionp

*Lawrpasan aem Kaning AOPUTH

pUF H-D 10E1003 0w ‘alogaiayd pa1omIap BvA Kapagioe on (Aiwesadon 10R) =znhv

*Kangrasau aem Kanms apom mpdpe ou ‘aioyarany
tapom ®3nq 21 uy punoifganqg aacqe paiaalap figagroe on (apqeayiddy J0R) 1:?&

rfugmofyog M1 AW HOnE Ao, #e
pATFIeSN(I Fma1f [FINIONIIE UFRIVOD Jou RIP uojiwoo] BIYL (YRIRFXR-VOH) uzawu

rga7R1INA pRAIDAC [RUjRilo 2R3 01 SAINIINIIA fupingxa yajjomp oy L1fesaran
ou a1mojpuy Asaane [{RA pur 10014 (F[AT]FRARH( AINIONIIE pEAYIIND) :ﬁa?-

AU GZE-Mym/D 060 My CZE-uIm/

P2103178 © U0 uAROYD A1AA AUoIRd0] ajdmme IFy (PIIIILIS I0N) mzA

*10013 Panqe
[TLYES
um/a

P 9-uym/on

1979m | 1®  y/¥m (O Q> PUIA 101I9I9Q AOPUIA PUR KD
ujm/>  00OS
uju/d> Q0§

ot
v0
050

AP TV

rRugprayg punoafiyoeg jusmmaisul (punoidxaeq) nos_:

my [g-njmia

007-0851
2 D00T-005T

apoy wiag

2a1h O1
vE-0d
€-0%-0d

107FUOR 30014

€)

~pakaaine awair 93 InoyRnoayy eieeq

)

cunyinypes 2irgnojized pue 273Pufrmol1aaa 10q 813919 IPOY QuuaA:

ane anng NR AL N wW N aN nso amin aonm SN 0s 0g | 61¢
aosd aond NN VN VN VN A\ aN nso aod ana SN 0s oS (A1)
aoq ame L] N ¥N AL W aN anue aoi and SN <s ol 91t
aome aone N YN AL WN VN an nso a3 a SN 0§ QoY (14
~ aoin aone N N ¥N N W aN nso o [L-4) 1] SN 0s (1] L4114
o annd L1211 NN ™ N VN N an nso aong aoxa SN << oy | e
aod (1) [ m N N N W an anxg aoxe aomse s [11 ss Tie
aond aoxs NN N YN AL VR an fs¢ aome aone SN (119 (119 e
an ana WR ™ N AL AL an nso aoxe aone SN 111 oy | otc
aoxe anxa W N VN WN w an nso aoa aond SH 139 <y | 60t
ard aom NN VN YN VR i AL 3N nso aoe [14) ] SN (119 €S | 8ot
aom aong RN m AL VN AL 3n 50 aoxe aong SN (11 13 Lot
ane oM 1] AL VN W ¥N N nso aom a SN 0s oy | 90t
aoAg aoxe NN W N VN VN an nso [19) 1] an SN os oy SOt
aom axe NR wm VN N VK an nso aog aome SN 09 0¢ | VSOt
anv aone "R AL VN N N AN nso ame aome SN 0s 0s yoC
aong aom A:zz VN AL AL Gwz .nvuz :vnmc amd :..vauxn anumz <Y 0§ | tog ®ooy
8 1u3wWo) (;m 001 Ja1aw (] jorivog | 1anip] provaasn | riirp]  freord | 2o | pRatinsn RETTA mroo[d A-hu;j 1ra »“asuh .”u ”““¢
~Gmse1p) (n) wm) »®3 pni-uimfay U3 QO1-wIm/81P ajdarg n“uum L]
s1pnray ROPUIN PUA sSujpray 19911q 2poR widiY sfugpeay 392310 a_vasaz L2EL ] ny anww Nha““ruwu“
Inowg

SXAAYNS HOOR 40 1R3NS VIvVO

1 3MvL




*I00[] MA0qQE 1RIAW [ 1B /W fOT0> PrAI 20315019 AOpUIM puUF H-D

CILTER T vimfa oog e11H Ot
_ *£1wp8023u sEA A2AING ROPUIN uimf> K*Q wim/a 05 VE-2d
g pars IS
_ PU3 H-D 194300 ou 910331713 1pR12032p B AITAFIIE ON (AaeRs203N oK) M U0 19-11W/0 050 WD [9-uim/d  00Z-061 €-9%-04
: *K1ensaopu sea Aaaine apow wydie ou ‘2icjaiayy MY SZE-MIMID oo WO STE-UIMSD 0pOZ-00ST JoIJHNOl 10014
fopow w1aq 841 uy puncifyoeq asoqe pa3IdI8Iop KITAJIdE Of (*1qv217ddy 08) VN apon oqa|y “AprH mang
) nfluypray punoafigorg Juamniysuy (punoaByoeq) aoxd
sgjuaa puw eadyd ‘sasanop ‘eionp !Supmog[o] 9Y3 se yIns  13ylo, ee (©)
PAFITRAFED RWAT] [BINIINAIN UfWILOD JOU PEP UCTINIOY SIUL (urI81RA-UON) uzA ) rprhaainm meaie 3yl ynoyRnoiyy ejevq
(2N ] s pa190[{PE ® BO WAROYD a1aA RUOTIRd0[ Ajdune agy (PPIOI[AE 10N) SN
oumns “paseyIne pray2oao [eulllle Yoesa 03 F2INIINIIE BUPIATXS ysjTowIp O Aygeensou @)
8 ou BIVIPPUS Aaasns [1vA pum Joolg (PldelIBARY) BINIOMIG PRAYIDAQ) —.—WOAQV ‘uwopIrpea marpnajiand pur apIaufomorisags qiog 6313339p Opol :aﬂﬂA_v
Q aona anin LU L AL N AL} b nso aoxe aon SN 0% 09 Jzry
———
| Y aong aoxg NN N N w W N nso anne aon SR ay 09 JitY
_ L anne aoxf BN AL YN N N ae ain aoxg aone 09°0 oc ot |ozy
” aone amg (L] AL ] VR ™ ™ kL] nso oo aom SN 0% oS |61y
| moy aoaR RN A4 N w VR an aon aome amd 50 111 ot |ntY
|
| aone aone NN m N N N N aom anns aone SN (119 oL |L1n
a0
o coM oone N ™ w AL ™ N nso | aowe| aoww SR 113 o oty
aone aone NN R VN W m aw nso aon (o) 1] SR oS [ 9 141
aone aond NN AL R N AL n nso aoma ame SN 0s 0s (y1*
a0 aoag NR AL AL AL w N nso aona aone SN 119 S Jety
aon aome HN AL v N AL aN nso aone (4} 1] SN 0% ol jziv
aona aong NR R AL N N an nso ame aomng SN 149 oS (1Y
o aom m AL w N N wn nso aome () ] SN [} 0S joiy
e | amd NR w ™ m ™ 3n fnso aosa aons SN oS 05 |60%
e aoe NN N N N AL b1 nso e aome SN o9 0 |eoy
gone ame NN N N ¥N VN an nso aome aont SN 0s 09 |0y
aore HR AL ] w AL w an nso e am SN (129 09 |1 90Y
aonn ame A:zz w AL VN GVS. .Cuz ?v:mc aont .Cﬁin .«vmz 0s oy |50y wood
LRLiEL . (vie] A " 1 BES L I | jomjun) N pEayIaan | LIV LEOLA R | 1w | praaaan LI L] ranogd4) (af q”_.,: mnra g4 ToN waay
-.N....:wwz (n/)m) £ 001-upw/sIp wa QO(-ujm/aIp aydmng kanang) 1o mooy
nopuly pua sBugpeay I031fqg Apon wydyy nfuypray wua..:_ apoy ®1ag aIy| 103 °1qIRSIIIV
mI{nsay W ea1y Jo juAdIRy
anawg
SAAANNS ROOR AD 1AIMS Vava
1 Atavy




*K1veaadou sen Laaang mopurm

PUA R~ 1081003 ou ‘3r0Jarayy !pardaiap swa AITAJIde ON (Kaees3d9R 10N) zzA

(3]

£10883990 sEA Aanins apom sydiw ou ‘2103)319Yy3

fi0nyy] aangm

wym/ o

nym/a

JW3 19-UTw/3 ge-g
2™ STE-VIV/D go-p MO SIL-UIN/I 900Z-00S1

2114 01
vE-od

1R19W | I® I /¥m £0°Q> pPral 10359313Q MOpPuTN pulg H-9
o e s ong
L] uim/a gg
™7 19-WIm/2 0oz-061

apoy ﬂ.—ﬂ—‘

apoy eml1ag

€-0%-0vd

103jvoK 001§

tapom ®19q 3] uy punoafnoeq saoqw pa3deIap LI1garIdw of (31qeatiddy 20N) <=Ae~
sfuypray punoafiyoeg juvawniysug (puncadnoeg) godd
*g1usa pue sadgd ‘sraancy ‘s3onp 1VurmOlIO0) IY)I Bw Yone ,13Yyjo, SW )
od PIFJFESE] SWIIF [FINIONAIP UTRIUOD J0U PEP UOLIBIOY §1Y), (IVWISTXZ-UON) uzAC spakaning Beaiw 343 InoySnom|y eyseq
pa10a[aR ¢ wo uagols 2134 FUDTIRODY IpdmER 2JY (PPIDIFIS I08) SN
L and snadejane pea1aao [SUBLI0 gIwar 01 FIINIINITE BUTISTXD ysiromap 03 KITRAIIAU @)
o ou 89383 pu} A3AINE Ti{vA puw 10013 (STIUITTAWU[ 2INIDNIIT PUIYIBAQ) =mo?v suogyeipwa ajefnajiied pue  0)31aufPm01312313 YI0q 8IDIIIP IPOW suun:v
(ous
—— ol aoma NN AL N AL m N nso anan s SH 0% 05| ot
Eld % aoxe | W w| w R n aova| aomx] o | ss0 o0l oot | sanfd 5P
_u — AUFUrZZIY
qQone aoxe NN N VN VR VN N nse LH) e SN o1 oS v L2
(151} aone RN VN N VN AL an nso (155 [} aong SN (4 oL 91z
o aone am RN ¥N VN N AL an nso L2 1 | aong SN 13 0S| stz
o~
aoxq e NR VN AL N VR L nso A aom SN oS (U 4 14
L) 1] aong N W VN VR VN an so aoas anxd SH 0% 05| e
aon aos NN wm VN VR VN an nso amin (i) 1} SR oé (1, B4 |4
anie aone NN VR N N it a nso aoam aod SH A 14 sey e
aong aong RN AL VN N AL aw nso aom aone SN 09 9] iz
aond aons NN N v AL VN aN nso Lib L aog SN 06 08] 607
aone aons HR R AL N w an nso anny ao SN 06 06| 1ROT
aoe aong NN N w AL VN AN nso a0am o SN 06 06| osot
e aoe RN N AL N VN N nso ansn anm SN 06 06 | AR0T
anxg o N WN W N AL an nso aoag e SN 06 06| veor
aond amie N R N N YN k.4 nso ao9An anue SN 001 001} (0T
aonn ang :vzz AL N AL 3~<= anvmz A.;:ma agxm :Uauxa Aavmz 114 Nz} 90z mooy
E o) 1rn 1onpdf coy eaay
| JUITWQ) ™3 1912m [ 3o .0D | 1aIp prayiaag | Ry ™M 810014 ampI0 § peaniaag LA L] _ gaoordl (3/ 1
M.w.«l\mw._; /e ™0 Dot-uIm/®ip ™ DOY-uym/®yp u_.__.u.-..n 101 fu“““_.”“ 10 mooy
LENULE) ] ropuj pul sfujpray 319211@ *poH eydiy sAvyprag 102370 A_unac: v1ag ¥ auu“ uh urnurwa
leamg

SAFAMMS HOUW d0 13:ans vavi

1 amvy




CAOOL) DA aayTe | IR Y fim (0T0> praa a1010831ag Aopuipn pul H-9
(uoyny anowsg oN) ._.mz;V /s ot wm/a 008 antm o1
, . . S LLLERET M..) Anaang mopufly UL TR N ] upm/s (% vi-od
1 H- 3 ou ‘8303219 tpajoajep men AIfALIOn anepa; 0
pUq H-9 1983003 © 10321943 P 1 4 rag3or oN ( AN I0N) z-.:v SO [g-nIm/D 00 md [9-upm/d 00Z-0S1 €-0y-0va
*Kavsrooou sen Koains opom miyd{e ou ‘siojoraavyy F i :_.L:H_?_ 0s-0 ™ mﬁ\___.._lxl,ﬁh._om-gn. 1017v0 30014
tapom BI2q 8y af punoa®nouq saoqe payrezap AIfagIde of (rraeaprddy 104) czsv apod I v ApoR viog
2 sfujpray punoafyarg Jusamizsul (punoaBideq) @ONg
—— ‘mjusA pue 89djd ‘savanoy ‘®ionp Bumolloj il RF one 1atio, A ©)
paiyyseetd 8wa3f [PANIONIIE UTEIUOD JoU PIP voglwdol WYL n_.-s_-a-xal::—; Nzanv ‘pakoaine araae oY)y Inoyfnoiys syReq
8 pAIDA[AA B UD URROYD WIAA RUOTITIO] apdune a3y (PP103[AS 10§) SN
[ s *825®)In8 proyamao [wulRjio Yowas O3 #2INIINIIS BufIBIXA YA[[OWIp 01 Kiprrpoou 1t
ou 93wafpuy AoAIne [(om pum Joold (P[qrIIvABUQ DINI1INIIG PEIIIAQ) =.naﬁ.; cwogarfpra atr(najized pur 33i1sufEmoriINA(S Y10q 61393 IPOK .Jun:V
L aone aong L0 VN VN N N aN nso and ame SN St 06 | S0z
Ll aone aomg NN VN WN AL N an nso aone aond SN St 06 | 202
|
| qone arm RN AL ] AL} w N n 11 aose aoxe SN ot 0% | ot
aoxg aone NN AL VR VN A L] an nso aong aoie SN (124 ot | 202
. J0pya10)
anne o (L] VN YN AL AL AN nso @xd aone (1284 11] 11 10014 puz
mu.. aogx aome |’ RN R R w AL | ane nso aone oINS SR [ 0% | 9t
aone aone L] N R VN AL N ax anxg wmxe SN ot ot | Y
aoxe aoxn RN W YN RL N anN nso aoxd [vep 1] N 06 06 | ccl
aome ao NR W VN W w m nso aone aom SN 14 st | et
aoe aoe NN AL YR R L] VN an nso aome aone SN (124 oL | ol
aone ane L] N N VN VN 3N nso aone aone SN (1] 09 | 621
. ame aone L] R m ™ w iU aso aone ot SR ot oc | L
aonf ame NN AL N VR AL aw and o aom SN 124 of | 9t
() 1] aoxg NN N VN VN m L] nso ame aome SN ot oy |
anxa oo NN w R R w N nso aoxs ame SH ot 09 ] ¢t}
an aont RN N N ™ VR ) an nso amy an SN (14 oS |
aoxa sen Laning jo jnay
¢ uogIed07] ane aome A:zz VN AL GVS. A,;_...ne amse ame
BaJIINONA
i x9° N 0% S r{ wno
Rugugrined I303qe) Asa.mz aoam oS Qw._..;J WERY A-m 0 ozt ]
®1unEm0) 1032w (| Peauop | sanio| prowssap | ALIeK| Raeold | a8010 | praniaey §oniina wroardl (3/107) nea 1OLd ) coN ety
—m..__“ 00T (1) ym) =2 oot-tdyu/ryp ™7 nQ1-uim/syp apdmrg Kanang 10 wooy
~u1N/nI0) PopuiM pug sRugpeay 13717q epoN wydqy sfugpray 10310 PpoH ¥320 LA LS B it
aa.ﬁ_nwnm Y e33Y JO WIIING
SRAAMAS HOOM A0 13ans viva
. 1 MVl




TABLE X
DATA SHEET OF KOOH SURVEYS

Percent of Area m St g
Accessible for JAlr Beta Mode Direct {cudings Alpha Mode Direct Readings End Window Results
Hoom of [ Survey Samp be dis/min-100 cu dis/win-100 cw? (ot ) (diﬂfwlg“
Area No. | Floor Wall (pcife) JFlours watls | overnesd fother | Floors  [Matls |Overhead J0ther | Contace ) meter 100 cu®) Comment s
Curridor
by Roon 12| 100 100 ws? | k@@ lken | osut®  Jue® e wmo| om wa | M | e BKGD
Room 103 75 60 NS BXCD LBKGD osu NE NA NA NA NA NN BKGD BKGD
105A | 50 50 NS BKGD BKGD osu NE NA NA NA NA NN BKGD BKGD
105B { 40 40 NS BXGD BKGD osu NE NA NA NA NA NN BKGD BKGD
106 80 50 NS BKGD BKGD osu NE NA NA NA NA NN BKGD BKGD
1074 ] 75 75 NS BKGD BKCO asu NE NA NA NA NA HN BKGD BKGD
107 60 80 NS BKGD BXGD osu HE HA NA NA NA NN BKGB BKGD
1078 | 90 90 NS BKGD BKGD osu NE NA NA HA NA NN BKGD BKGD
108 10 60 NS BKGD ¥KGD osu NE NA NA NA NA NN BKGD BKGD
110 60 60 NS BKGD BXGD 0osu NE NA NA NA HA NN BEGD BKGD
.
60 60 NS BKGD BKGD Qsu HE HA NA NA NA [} BKGD BKGD
113 50 50 NS BKCGD BKGD osu NE NA NA HA NA NN BKGD BKGD
e | so 50 NS BKGD | BKCD osu NE NA NA NA wa | mN BKGD BKCD m
17 50 75 0.03 BKGD BRGD osu NE NA NA NA NA Ny BKGD BKGD Lk
a——
s | 715 50 NS BKGD BKGD osu NE NA NA NA NA L] BKGD BKGD o
Drawer containing sources
19 | so 50 NS 2,310 pen | wmat'® nst(® Location 5 ==
2x10" BKGD HRR ' NST Druwer contsining thorium
crucible Locatlon 6 ™)
BKGD BKGD o5y NE NA NA NA NA NN BKGD BKGD Rest of survey was BKGD

(I)Beta Mode detects both electrowagnetic and particulate radlacion.

(z)NS (Not Selected) Alir sample locations were chosen on a selected
busis throughout the arese surveyed.

(‘)ﬁsu {Overhead Structure Unavallable) Floor and wall survey fudicute no
necesslty to demolish exluting structurcs to reach original overhead surluces.

(SI“E (Hon-Exfecant) This location did not contain wtructural items classifled

as "ocher” such as the following: duccs, louvers, pipes and vents.

(3)HKGD (paclsraund) Instrusent Backgound Readings

Beta Mode Alpha Mode
1500-2000 c/min-325 ca? 0-50 c/win-325 cw?

(6}Nn (Not Applicable) No activity detected above background in the betamode;

Floor Monttor therefore, no alpha wode survey was necessary.

PAC-4G- - -61cal &
C 3 150-200 c/min-6lce 0-50 c/wiu-61 cw (MDyn (Not Mecessary) No actlvity waa detected; therefore, ao contact C-M tnd
FC~3A 50 c/atn 0.4 c/min Window Sucvay Weg NECEBRREY.
10 Wi g J
re 500 ¢/ain 10 c/min (8) yor (No Smear Token)

G-M End MWindow Detector read <0.03 wht/h  at | meter above fluor, o) uw (o Readlng Recorded)
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TABLE
DATA SHEET OF ROOH SURVEYS

Emcar
::::ﬁ::h:: ?::B Mg Beta Hode'!) Direct Readinge Alpha Mode Direct Readings Knd Sindou (:::}::u—
Room or |Survey Sumple Ls/m1n-]00 cm? dis/mig-100 cu? (uk(h) 100 cu?)
Area No. | Floor Wall {pCifL) (Floors Walls | overlicad | 0ther ] Floors [Walls | Overhiead Jocher | Contact |1 meter Comment s
" 5 50 ws® | sk} ko BKCD we® | ja O | NA HA w? | uxen BKCD
is 40 40 NS BKCD BKGD BKLD NE NA NA NA NA N BKGD BKGD
16 60 50 NS BKGD BKGD osu{¥ NE NA NA NA HA ] BKGD BKGD
1?7 50 50 'H 8KGD BKGD BKGD NE NA NA NA NA NN BKGD BKGD
18 20 20 NS BKGD BKGD BKQ) BKGD NA NA NA NA 1] BKCD BKGD
19 0 0 NS 6.8x103 1.1x10 TLLL) P BKGD Spot on bench top, Swesr 4
6.2x10% BXGD NRR BKGD BKGD Spot on floor, Smear 5
BKGD BKGD NE NA NA NA NN BKGD BKGD Reat of survey was BKGD
20 40 25 NS BKGD BKGD osy BKGD NA NA NA NA NN BXGD BKCD
21 95 90 NS BKCD BKGD osu NE NA NA NA 7Y NR BKGD BKGD
23 40 30 NS BKCD BKGD osu BKMD | NA NA NA NA NN 8KQD BKGD
25 45 70 NS 3.0xl0" 6. 4x10° wan 1) BXGD BKGD Spot on floor, Swear §
BKGCD osu BKGD NA NA NA NN BKGD BKGD Rest of survey was BKGD
26 60 43 NS BKGD BKGD osu NE NA A NA NA NN BKGD BXGD
27 50 20 0.68 2x103 BKGD BKGD BKGD BKGD Spot on wall, Swear 7
BKGD BKGD NE NA NA HA NN BKGD BKGD Rest of gurvey was HKGD
) {(4)

(2)

Beta Mode detects both electromagnetic and particulute radiation.

NS - (Not Selected) Alr sumple locatlons were chosen on a selected

basls throughout the areas surveyed.

(€}]

Floor Monitor

PAC~4G-3

PC-3A
10 Wire

G~M End Window Detector vead <0.03 wl/fh

BKGD (Background) Instrument Background Readings

Buta Mode Alpha Mode .
1500-2000 c/win-325 ca? 0-50 c/wmin-125 c?
150-200 c/win-61 cm?  (-50 cfmiubl cm?
50 c¢/min 0.4 cflmin
500 clain 11 c/min

at 1 metur abave Floor.

(5)

(6)

(O]

)

(10)

0SU (Overhead Structure Unavallable) Fluor and wall survey fundlcate no
necessity to demolish exlsting structures to reach original overhead suifaces.

NE (Non-Existant) This locacion did not contain structural items clasified
a8 "other” guch as the following: ducte, louvers, pipes and vents.

NA (Not Applficable) No activity detected above background in the beta mode;
therefore, no alpha mode survey was necessary.

NN (Not Neceasary) No activity was detected; therefore, no contact G-M End
Window Survey was necessary.

NST (No Swmear Taken)

NRR (No Reading Recorded)

£e




TABLE 1
DATA SHEET OF ROOM SURVEYS
Percent of Area ) Smear
Accessible for Alr Beta Made Direct Readingw Alpha Mode Direct Readings End Window Kesults
Room of  |Survey Sample dis/aln-100 ca? dis/mig-100 cu? (mit f1s) (diu/min-
Arca No. [ Fluur Wall {pii /1) JFloorn Wulls Overhead | Other Floora Walle | Overhead Othier | Contact jl meter 100 ¢m1} Comment s
2% 50 20 Hs(n
206 (¥)]
28 IIKGD(]) BKCD BEGD NE(S) u“) NA HA HA N BKCD BKCD
3 10 20 0.38 1.2x10? BKGD BKCD BKGD BKCD Smear 3 Spot oa floor
2.4u103 BKGD BKGD BKGD BKGD Smcar & Spot on Flaor
SKGD BKGD NE NA NA MA [ 1] BKGD BXGD Rest of Survey wus BKGD
A 50 20 NS BKGD BECD BKGD HE NA NA NA NA NN BKGD BKGD
566 50 20 [+ BKGD KGD BKGD NE HA LY NA NA My BRCD BKGD
7 30 30 NS BKGD BKGD BKCD NE NA NA HA NA NN BKGD BKCD
1A 30 30 | R BKGD BKGD OSU(A) BKCD NA NA NA NA NN BKGD BKGD
8 65 5 0.15 6.3x10" wep | 4.5 BKGD wst(® Location 5, Cabinet
contalnlaug eources
BKCD BKGD osu NE NA NA NA NA NN BKGD BKGD test of survey was BKGD
; 10) .
9 w |2 |us 7.4x10? BKGD ') o | o Spot on floor, Smear 5
o (o8
BKGD BKGD NE NA NA NA NN aKGop 8KGD Rest of gurvey was BKGD =~
10 30 40 NS BKGD BKCD BKGD NE NA NA NA NA NN BKGD BKGD ‘
\
11 80 80 NS BKGCD BKGD BKGD NE NA NA NA NA NN BKGD BKGD |
12 75 %5 0.44 4.6x)0% 1.4x10° 0.08 BKGD BKGD Spot on floor, Swear 7
BKCD BKGD NE NA NA NA NN BKGD BKGD Rest. of survey was BKiD m
13 50 50 [ BKCD BKGD BKGD NE NA LTY NA NA L] BKCD BKCD 1
S
)
Beta Mode detectu both electromagnetic snd particulate radlation, (‘)osu (Overhead Structure Unavailable) Floor and wall eurvey indicate wo o
) necesslty to demolivh existing structurus to reach original overhead suifuces. (» a)
NS-(Not Selected) Alr wample locstions were chosen on & selected (s
basls throughout the arcas wurveyed. Ve (Non-Existant) This location Jid not contsfn scructural ftems classiticd -
%)) as “other" guch as the following: ducts louvers, pipes and vents. (3%
BKGD (Background) Inatrument Background Readings (6
Beta Hode Alpla Mode )NA (Not Applicable) Mo activicy desected above background in the beta mudej
Floor Moaltor 1500-2000 ¢/min-325 cm?  0-50 c/win-1325 cw? therefore, no slpha mode survey was necessary.
PAC-4G-3 150-200 c/min-61 cm? 0-5- ¢fulo-61 cm?
s o “inig-6l om (’)NN (Not Necessary) No activity was detected; therefore, no contact G-H End |
PC-3A 50 ¢fwin 0.4 c/mwin Window Survey was necessary.
10 Wire 500 c/mln 10 ¢/min

B \sr(Mo Smear Token)

G-M End Winduw Detector read «<0.03 mR/h ot | weter above [ lour. (IO)NRR (No Readlug Recorded)
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INSTRUMENTATION USED IN SURVEY

TABLE 2

Probe

Detection Window
Type Inventory Number Area Thickness
Ebérline Floor Monitor
utilizing a PAC-3G A _ 181501 325 cm? - 0.85 mg/cm?
Eberline Floor Monitor
utilizing a PAC-3G 122313 325 cm? 0.85 mg/cm?
Eberline Floor Monitor
utilizing a PAC-3G 169611 325 cm? 0.85 mg/cm?
Eberline ‘AC-3G 165253 61 cm? 0.85 mg/cm?
Eberline PAC-3G ' 165254 61 cm? 0.85 mg/cm?
Eberline PAC-3G 165256 61 cm? 0.85 mg/cm?
Eberline PAC-3G 169611 61 cm? 0.85 mg/cm?
Eberline PAC-4G-3 169613 61 cm? 0.85 mg/cm?
Eberline PAC-4G-3 170980 61 cm? 0.85 mg/cm?
Eberline E~500B 159006 - 1.4 - 2 mg/cm?
Beta~Gamma End Window
Nuclear Measurement Corp. 114969 - 0.85 mg/cm?
PC-3A-271 Internal Gas
Flow Counter
Argonne National Laboratory - - -
Filter Queen Air Sampler using
HV-70 filter media
Argonne National Labératory 184343 400 cm? 0.85 mg/cm?

10-Wire Flat Plate Gas
Proportional Detector




TABLE 3

INSTRUMENT BACKGROUND READINGS

Readings 1 meter above

Instrument Alpha Mode(c/min) Beta Mode(c/min) floor mR/h
Eberline Floor Monitor
FM~4G using PAC~4G-3

181501 0-50 1500 - 2000

122313 0 - 50 1500 - 2000

169611 0 -50 1500 - 2000
Eberline PAC-4G-3

165253 0 - 50 150 - 200

165254 0 - 50 150 - 200

165256 0-50 150 - 200

169611 0 -50 150 - 200

169613 0 -50 150 - 200

170980 0 - 50 150 - 200
Eberline E-500B
Beta-Gamma End Window < 0.03
Nuclear Measurement 0.4 50
Corporation PC-3A-27
Internal Gas Flow
Counter
Argonne National 10 500

Laboratory 10-Wire
Flat Plate Gas
Proportional Detector
with Eberline Mini
Scaler MS=2

*Background readings were initially taken in the mobile laboratory and
rechecked throughout the various areas inside Eckhart Hall while surveying.
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TABLE 4

RADON CONCENTRATION DETERMINATIONS

Location dis/min dis/min-m? pCi/L %_of MPC*
Room 3 434 852 0.38 13
Room 8 359 339 0.15 5
Room 12 510 998 0.45 15
Room 27 868 1518 0.68 23
Corridor 793 1349 0.61 20
1st Floor

Room 17 57 77 0.03 1
Main Corridor 2265 4449 2.00 67
2nd Floor

Corridor 661 1277 0.58 19
3rd Floor

Room 418 585 1149 0.52 17
Room 420 679 1334 0.60 20

-9

*The 10 CFR 20 MPC for 222Rn for am uncontrolled area is 3 x 10¢< pCi/ml
which equals 3 pCi/12.

Example Calculation - Room 12

1 pCi m3
2.22 dis/min * 103 %

998 dis/min-m? x = 0.33 pCi/2
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TABLE 5
SOIL SAMPLE WEIGHTS

Net Weight Dry Weight Sieved Weight Rocks & Dross
Sample No. (grams) (grams) (grams) Weight (grams)
EH-1C - 512.9 495.3 13.1
EH-1D 2461.9 2246.9 1070.2 1170.5
EH-2A - 543.0 519.8 . 19.8
EH-2B 979.6 794.2 670.0 118.3
EH-2C 835.0 658.0 630.2 21.1

EH-2D 2339.1 1884.2 1704.3 132.6
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TABLE 6

Ge(Li) SPECTRUM AND URANIUM FLUOROMETRIC ANALYSES RESULTS

Sample No. ?gSLL) Spectrazggi/g receiveézgt £ c(l)
2 e S
ug/g £ o pCi/g t o
EH-1A 1.60 £ 0.8 0.7 £ 0.1 0.75 + 0.7 3.2+ 0.5 2.2 0.3
EB-1B | 3.2 £ 0.6 2.2+ 0.4
Eﬁ—lc 3.2+ 0.5 2.2+ 0.3
E.:H-J.D . 1.3+ 0.4 0.9+ 0.3
EH-2A 0:64 * 0.05 0 % 0.2 0.70 + 0.08 2.9+ 0.4 1.3+ 0.3
EH-2B 4.2+ 0.5 2.9+ 0.3
EH-2C 2.2+ 0.4 1.5% 0.3
EH-2D 3.1+ 0.4 2.2:% 0.3

’

LFE Bland 0.00+ 0.04 0.0% 0.1 0.00 £ 0.06 0.0+ 0.2 0.0z 0.1

(1) One standard deviation due to counting statistics.
(2) Data results from LFE.

(3) ANL conversion from Appendix 4.
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TABLE 7

BACKGROUND SOIL SAMPLE DATA*

Cesium~137, Thorium, and Uranium in Soil 1976
Concentrations in pCi/g

Co?i:zted Location Cesium-137 Thorium—232 Uranium
July 22 Argonne Area 0.3 0.1 0.21 0.04 1.3 0.1
July 22 Argonne Area 0.1 0.1 0.49 0.04 2.0 0.1
July 22 Argonne Area 0.3 0.1 0.48 0.04 1.5 0.1
October 18 Argonne Area 0.1 0.1 0.65 0.07 1.5 0.1
October 18 Argonne Area 0.1 0.1 0.43 0.04 1.4 0.1
October 18 Argonne Area 0.4 0.1 0.39 0.04 1.3 0.1
Average 0.2 0.1 0.44 0.14 1.5 0.3
off-Site
June 22 McKinley Woods 0.4 0.1 0.16 0.02 0.9 0.1
State Park, IL
June 23  McCormick Woods 0.4 0.1 0.22 0.02 1.2 0.1
Brookfield, IL
June 23 Bemis Woods 0.4 0.1 0.18 0.02 1.6 0.1
Hinsdale, IL
October 12 St. Joseph, MI 0.4 0.1 0.20 0.02 0.3 0.1
October 13 Willow Springs, IL 0.5 0.2 - 1.0 0.1
October 14 Dresden Lock & 0.4 0.1 0.45 0.03 1.6 0.1
Dam, IL
Average 0.4 0.1 0.26 0.14 1.1 0.5

*These results are transcribed from "Envirommental Monitoring at Argonne
National Laboratory Annual Report for 1976" (ANL-77-13) by N. W. Golchert,
T. L. Duffy and J. Sedlet. These measurments are presented in Table 13,
on page 47 of the report.
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APPENDIX 1

CONVERSION FACTORS

INSTRUMENTATION

Below are the conversion factors used to obtaln the readings in
units of disintegrations per minute per 100 cm? (dis/min - 100 cm 2).

I Conversion Factors

PAC-4G~3 Floor Monitor (FM-4G)
Alpha Beta Alpha Beta
to 100 cm? 1.64 1.64 0.31 0.31
n Ep dis/min for - 2 - 2
Sr-
c/min to dis/un‘n for 3%y 2 - 2 -
c¢/min to dis/min for 226Ra 1.6 4.7 - -

+ daughters

II Derivation of Conversion Factors
Floor Monitor (FM-=4G)

Window Area: =~325 cm?

Conversion to 100 cm? = .31 times floor monitoring reading
- PAC-4G~3 - -

Window Area: -~61 cm?

Converison to 100 cm? = 1.64 times PAC reading

27 _Internal Gas Flow Counter, PC=5
Geometry: Solid Stainless Steel Spun Top -~ 0.50
Geometry: Mylar Spun Top - 0.43

Mylar Spun Top Counting (window double aluminized mylar ~0.85
mg/cm ) utilizes the well of the PC Counter and is a method
developed and used by the Argonne National Laboratory Health
Physics Section for negating the dielectric effect in counting
samples on non-conducting media.

Utilizing a flat plate infinitely thin 225Ra standard as a source of alpha
emissions, the plate was counted in the well of a 2r internal gas flow counter,
PC Counter, with the source leveled to an apparent 27 geometry.

The alpha count was found to be 20450 c/min or 20450/.5 = 40900 dis/min.




APPENDIX 1
(contd)

Using the PAC-4G-3 and the radium source to convert counts per minute
(¢c/min) to disintegrations per minute (dis/min), the count was found to be
12000 c¢/min at contact, therefore 40909/12000 = 3.4 dis/min per c/min.

The same source covered with 2 layers of conducting paper, each 6.65
mg/cm2 to negate the alpha emissions, was counted for composite beta and
gamma emissions in the PC counter. The course was leveled to an apparent
50% geometry; however, no provision was made for backscatter.

The composite beta-gamma count was found to be 6836 ¢/min or 6836/.5 =
13672 dis/min.

With the PAC-4G-3 in the beta mode and in contact with the covered source
and on the probe, the count was 10000 c¢/min. This indicates a conversion
factor 13672/10000 = 1.4 dis/min per c¢/min.

SMEAR COUNT

The conversion factors for ¢/min - 100 cm?® to dis/min - 100 cm? are given
below.

I _CONVERSION EQUATION (ALPHA)

¢/min - Bkgd
g x bf x sa x waf

= dis/min Alpha

A geometry (g) of 0.43 1is standard for all flat plate counting.

A backscatter factor (bf) of 1.0 is used when determining alpha activity on
a filter media.

The self-absorption (sa) was assumed to be 1 unless otherwise determined.
If the energies of the isotope were known, the appropriate window air factor
(waf) was used; if the energies of the isotopes were unknown the waf of

Plutonium=239 which is .713, was used.

I1 CONVERSION EQUATION (BETA)

c/min - (Beta Bkgd + Alpha c/min)
g x bf x sa x waf

= dis/min Beta

A geometry (g) of 0.43 is standard for all flat plate counting.

A backscatter factor (bBf) of 1.1 is used when determining beta activity
on a filter media.

The self-absorption (sa) was assumed to he 1 unless otherwise determined.

If the energies of the isotopes were known, the appropriate window air
factor (waf) was used; if the energies of the isotopes were unknown, the waf
of Strontium-90-Yttrium-90, which is 0.85 was used.
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APPENDIX 2

RADON DETERMINATION CALCULATIONS

This attachment summarizes the basic assumptions and calculation methods
used for samples collected using Argonne National Laboratory designed air
sampler with HV-70 filter media.

I. Radon Concentrations Based on RaC' Counting Results

The following assumptions are made in deriving the Radon (%22Ra)
concentrations based on the RaC' alpha count results.

1. RaA, RaB, RaC, RaC', are in equilibrium.

2, RaA is present only in the first count and not the 100-minute decay
count.

3. That one-half of the Radon progeny is not adherad to airborne
particulate, and therefore, not collected on the filter media.

4. The geometry factor (g) is 0.43 for both the alpha and beta activity.

5. The backscatter factor (bf) of 1.0 is used for the alpha activity
which is determined from RaC'.

6. The sample absorption factor (sa) for RaC' is 0.77.
7. The window air factor (waf) for RaC' is 0.8.
8. RaB and RaC being beta emitters, are not counted in the alpha mode.

9. The half-life of the Radon progeny is approximately 36 minutes,
based on the combined RaB and RaC half-lives.

10. No long-lived alpha emitters present as evidenced by the final
recount.

11. TFor this method, RaC' decays at the rate of the composite of RaB
and RaC which is approximately 36 minutes.

II. Equations Used to Derive Air Concentrations
A

A B —

o] -At
e
Where: Ao = Activity present at the end of the sampling period (dis/min)

A = Activity at some time, after end of sampling (dis/min)

t = Time interval from end of sampling period to midpoint of
interval (min)




E-10812

APPENDIX 2
‘ . {contd)
| A = .i93
L]
t35 = Half-life of isotope
Ca Ap) 1
f l-e ~AL

Where: C = Concentration (dis/min - m3)

Activity of filter media at end of sampling period (dis/min)
f = Sampling rate (m3/minute) (= m3/h + 1 h/60 min)
t, = Length of sampling time (min)
L - a3
L1

t% = Half-life of isotope or controlling parent. (min)

II1I. Example Calculation - Room 19

>
o
[ ]

510 dis/min
A, TR 3419 dis/min
8P| 738
.693 1
C = 4405 x 36 = 499 dis/min m3 x 2 = 998 dis/min
"33 : -.693 x 37 3
-exp| === dis/min m
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APPENDIX 3

SOIL ANALYSIS PROCEDURE FOR TOTAL URANIUM AND GAMMA-EMITTING NUCLIDES

Summary of Methods

A 60-millilitter volume of the received soil was counted in a petri
dish for 500 minutes on a Ge(Li) detector over the energy range 0 - 1.5 MeV.
This corresponded to between 60 to 100 g of soil, depending upon bulk soil
density. Positive photopeaks above instrument background were converted
to dis/min using a line efficiency curve based upon a National Bureau of
Standards Multi-Gamma standard. The natural Thorium-232 and Radium-226
decay chains were calculated using the 0.910 MeV Actinium-228 and 0.609 MeV
Bismuth-214 photopéaks respectively. Cesium=-137 is reported for each sample
as a representative gamma emitter. Potassium-40 was observed on all soil
samples, as expected, but was not calculated or reported.

One gram of the soil sample was ashed and dissolved in HF-HNO3 for the
total uranium amalysis. A 100-) aliquot of the dissolved sample was fused
with 987 NaF-2Z LiF and the fluorescence determined using a Jarrell-Ash
fluorometer. A quenching factor was determined for each sample by using an

internal spike.
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NATURAL URANIUM CALCULATIONS

Radioactive half-lives of 23%7, 235y and 238y as well as the percent
abundance for each isotope was obtained as current best wvalues from the
"Table of Isotopes - 6th Edition'" by C. M. Lederer, J. M Hollander and
I. Perlman, 1967. The following values used are:

Isotope Half-life %_Abundance
234q 2.47 x 10° years 0.0057
235y 7.1 x 10% years 0.7196
‘ 238y . 4.51 x 10° years 99.2760
100.0013%

It should be noted that the abundance totals 100.0013%. Since it
cannot be determined which isotope(s) are in error, the calculations
are made with the .0013%Z error not accounted for.

Avogadro's Number Used = 6.025 x 1023

spa = aa = 2224
b
SpA = Specific activity
)
A = Number of radiocactive atoms per unit mass = LVOEadT0 S HUTieE

Gram atomic weight

Half-life

&7

23
Spa . 0.693 x 6.025 x 10 - dis/min - gram

t% (years) x 5.256 x 10° EEEEE%& X gram atomic
y weight

.693 x 6.025 x 1023
2.47 x 105 x 5.256 x 10° x 2.34 x 102

SpA 23%y = 1.374 x 1019 dis/min - gram

1.376 x 10% dis/min - ngram x 5.70 x 10°° = .783 dis/min - pgram
of natural uranium
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(contd)

.693 x 6.025 x 1023

SpA 235y = = 4,76 x 10 dis/min - gram
7.1 x 108 x 5.256 x 105 x 2.35 x 102
2 4,76 dis/min - pgram x 7.196 x 10”3 = .034 dis/min - pgram of
natural uranium
23
SpA 2387 = :693 x 6.025 x 10 = 7.4 x 105 dis/min - gram

4,51 x 102 x 5.256 x 105 x 2.38 x 102

.74 dis/min - pgram x 9.9276 x 10-! = ,735 dis/min - ugram of
natural uranium

Therefore, the activity of 1 ugram of natural uranium is

.783 dis/min 2340 + .034 dis/min 235U + .735 dis/min 238U = 1.552 dis/min -
ugram

. 1.552 dis/min - gram
2.22 dis/min - pCi

= ,6991 pCi/ugram natural uranium

Conversion of ug/g to pCi/g

Example Calculation - EH-1A as given in Table 6.

gram ugram

{:3.2 " o.%-‘iﬁram x 9:6991 pCl =[2.2 + o.3]P£i—-
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AND GUIDELINES
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Excerpts From
_ Proposed American National Standard

N13.12

Control of Radiocactive Surface Contamination

on Materials, Equipment, and Facilities to be

Released for Uncontrolled Use
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Where potentially contaminated surfaces are not accessible for measurement
(as in some pipes, drains, and ductwork), such property shall not be released
pursuant to this standard, but shall be made the subject of case-by-case
evaluation.

Property shall not be released for uncontrolled use unless measurements show
the total and removable contamination levels to be no greater than the values
in Table 1 or Table 2. (The values in Table 2 are easier to apply when the
contaminants cannot be individually identified.)

Coatings used to cover the contamination shall not be considered a solutiom
to the contamination problem. That 1is, the monitoring techmiques shall be
sufficient to determine, and such determination shall be made, that the total
amount of contamination present on and under any coating does not exceed the
Table 1 or Table 2 values before release.
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SURFACE CONTAMINATION LIMITS*

Limit (Accivity)

Contaminants (dpm/100 cme+)
Total
Nuclides (Fixed plus
Group Description (Note 1) Removable Removabla)
1 Nuclides for which the 227Ac 20 Nondetectable
nonoccupational MPC, 241, 242m, 243Am (Note 3)
(Note 2) 1s 2 x 10°13 249, 250, 251, 252Cf
Ci/m® or less 243, 244, 245, 246, 247, 248Cm
or for which 125, 1291
the nonoccupational 237Np
MPC,, (Vote 4) 1ia 231Pa ‘
2 x 1077 Ci/m3 or less 210Pb
238, 239, 240, 242, 244Pu
226, 228Ra
228, 230Th
2 Those nuclides not in 254Es 200 2009 a
Group 1 for which the . 256Fm Nondetectable 8, Y
nonoccupational MPC, 126, 131, 1331 (Note 35)
(Note 2) 1is 1 x 1012 210Po
Ci/md or less ’ 223Ra
or for which 90Sr
the nonoccupational 232Th
MPC,, (Note 4) is ' 232U
1 x 1075 Ci/n? or less
3 Those nuclides not in Group 1
or Group 2 1000 5000

“*The levels may be averaged over one square meter provided the maximum activity in any area of 100 cm? is
less than three times the limit value. For purposes of averaging with regard to isolated spots of activity,

any square meter of surface shall be considered to be contaminated above the limit L, applicable to 100 cm?
if (1) from measurements of a representative number n of sections it is determined chat 1/ L, 84 24,

where S; is the dpm/100 cm? determined from measurement of section i; or (2) it is de:ermined that the
activity of all isolated spots or particles in any area less than 100 cm? exceeds 3.

“Disintegrations per minute per square decimeter.

NOTES:

(1) Values presented here are obrained from the Code of Federal Regulations, Title 10, Part 20, April 30,
1975. The most limiting of all given MPC values (for example, soluble versus insoluble) are to be used.
In the event of the occurrence of mixtures of radionuclides, the fraction contributed by each constituent
of its own limit shall be determined and the sum of the fractions shall be less than 1.

(2) Maximum permissible concentration in air applicable to continuous exposure of members of the public as
published by or derived from an authoritative source such as the Mational Committee on Radiation Protection
and Measurements (NCRP), the International Commission on Radiological Protection (ICRP), or the Nuclear
Regulatory Commission (NRC). From the Code of Federal Regulations, Title 10, Parr 20, Appendix B, Table 2,
Column 1.

(3) The instrumenteutilized for this measurement shall be calibrated to measure at least 100 pCi of any
Group~l contaminants uniformly spread over 199 cm?.

(4) Maximum permissible concentration in water applicable to members of the public.

(5) The instrument utilized for this measurement shall be calibrated to measure at least 1 nCi of any
Group-2 beta or gamma contaminants uniformly spread over an area equivalent to the sensitive area of the
detector. Direct survey for unconditional release should be performed in areas where the background is
£ 1C0 counts per minute. I/hen the survey must be performed in a background exceeding 100 counts per
minute, it may be necessary to use the indirect survey method to provide the additiomal sensitivity required.
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TABLE 2

ALTERNATE SURFACE CONTAMINATION LIMITS

(All Alpha Emitters, sxcept Una and Th

c nat’ Congidered as a Group)*

Limiz (Activity)
(dpm/100 em?)+

Total
(Fixed plus
Contamination Contingencies Removable Removable)
If the contaminant caonot be identifiaed; 20 Nondetectable
or if alpha emitters other than U . (Note 2)
(Note 1) and 'rhn“ are present; or if
the beta emitters comprise 227ac
228p,
If it {8 known that all alpha emitters are 200 2000 a
. Nondetectable 8, vy
generatad from Uiat (Note 1) and Thna:' (Note 1)

and 1if beta emitters are present that,
vhile not idenctified, do not include
227Ac. 1251. 2263" and 228p,

If it i3 kmown that alpha emitters are 1000 5000
gensrated only from Un‘ ¢ (Note 1)
and Thnat in equilibrium with its
decay products; and if the beta
emitters, while not identified, do
not include 227p¢, 1251, 1297, 90gy,

223Rl, 22533’ 1251’ 13!1’ and 133t

*The levels may be averaged over one square meter provided the maximum activity in
any area of 100 cm? is less than three times the limit value. For purposes of
averaging with regard to isolated spots of activity, any square meter of surface
shall be considered to be contaminated above the limit [, applicable to 100 em?, if
(1) from messurements of a representative number n of sections it is determined that
1/n £, S4 2 L, where Sy is the dpm/100 cm? determined from measurement of section i;
or (2) it is determined that the activity of all isolated spots or particles in any.
area less than 100 cm? exceeds 3.

+“Disintegrations per minute per square decimeter.

NOTES:

(L) U“ and decay products.

t

(2) The instrument utilized for this measurement shall be calibrated to measure at
least 100 pCi of any Group-l contaminants uniformly spread over 100 cm2.

(3) The instrument utilized for this measurement shall be calibraced to measure at
least 1 nC{ of any Group-2 beta or gamma contaminants uniformly spread over an area
equivalent to the semnsitive area of the detector. Direct survey for unconditional
release should be performed in areas where the background is < 100 counts per minute.
When the survey must be performed in a background exceeding 100 counts per minute, it
may be necessary to use the indirect survey aethod to provide the additional sensi-
tivity required.
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GUIDELINES FOR DECONTAMINATION OF FACILITIES AND EQUIFPMENT
PRIOR TO RELEASE FOR UNRESTRICTED USE
OR TERMINATION OF LICENSES FOR BY-PRODUCT, SOURCE,

OR SPECTAL NUCLEAR MATERIAL

U. S. Nuclear Regulatory Commission
Division of Fuel Cycle and

Material Safety

Washington, D.C. 20555

November 1976
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The instructions in this guide in conjunction with Table I specify the
radfoactivity and radiation exposure rate limits which should be used
in accomplishing the decontamination and survey of surfaces or premises
and equipment prior to abandomment or release for unrestricted use.
The limits in Table T do not apply to premises, equipment, or scrap
containing induced radiocactivity for which the radiological comsidera=-
tions pertinent to their use may be different. The release of such
facilities or items from regulatory comtrol will be considered om a
case-by-case basis.

1. The licensee shall make a reasonable effort  to eliminate residual
contamination.

2. Radiocactivity on equipment or surfaces shall not be covered by
paint, plating, or other covering material unless contamination
levels, as determined by a survey and documented, are below the
limits speciffed in Takle I prior to applying the covering. A
reasonable effort must Be made to minimize the comtamination
prior t» use of any covering.

3. The radiocactivity on the interior surfaces of pipes, drain lines,
duck work shall be determined By making measurements at all traps,
and other appropriate access points, provided that countamination
at these locations is likely to be repregentative of contamination
on the interior of the pipes, drain lines, or duct work. Surfaces
of premises, equipment, or scrap which are likely to bBe contaminated
but are of such size, comstruction, or location as to make the
surface inaccessiBle for purposes of measurement shall Be presumed
to be contaminated in excess of the limits.

4. Upon request, the Commission may authorize a licemsee to relinquish
possession or control of premises, equipment, or scrap having surfaces
contaminated with materials in excess of the limits specified. This
may include, But would not be limited to, special circumstances such
as razing of huildings, transfer of premises to another organizatiom
continuing work with radicactive materials, or conversion of facilities
to a long-term storage or standhy status. Such request wmust:

a. Provide detailed, specific information describing the
premises, equipment or scrap, radioactive comtaminants,
and the nature, extent, and degree of residual surface
contamination.

b. Provide a detatled health and safety analysis which reflects
that the residual amounts of materifals on surface areas,
together with other considerations such as prospective use
of the premises, equipment or scrap, are unlikely to
result in an unreasonaBle risk to the Health and safety
of the public. .
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5. Prior to release of premises for umrestricted use, the licensee
shall make a comprehensive radiatiom survey which establishes that
contamination is within the limits specified in Table I. A copy
of the survey report shall he filed with the Division of Fuel Cycle
and Material Safety, USNRC, Washington, D.C. 20555, and also the
Director of the Regiomal Office of the Office of Imspection and
Enforcement, USNRC, having jurisdiction. The report should be
filed at least 30 days prior to the plamned date of abandonment.
The survey report shall:

a. Identify the premises.

b. Show that reasomable effort has been made to eliminate
residual contamination.

c. Describe the scope of the survey and general procedures
followed. -

d. State the findings of the survey in units specified in
the instruction.

Following review of the report, the NRC will comnsider visiting the
facilities to confirm the survey.




TABLE I

ACCEPTABLE SURFACE CONTAMINATION LEVELS

NUCLIDES ° AVERAGEb c f MAXIMUMb d £ REHOVABLEb e f

U-nat, U-235, U-238, and 5,000 dpm &/100 cu? 15,000 dpm «/100 cm? 1,000 dpm a/100 cm?
assoclated decay products )

Transuranics, Ra-226, Ra-228, 100 dpm/100 cm? 300 dpm/100 cm? 20 dpm/100 cm?
Th-230, Th-228, Pa-231,
Ac-227, 1-125, 1-129

Th-nat, Th-232, Sr-90 1,000 dpm/100 cm? 3,000 dpu/100 cm? 200 dpm/100 cm?
Ra-223, Ra-224, U-232, I-126

1-131, 1-133

Beta-gamma emitters (nuclides 5,000 dpm g8y/100 cm? 15,000 dpm By/100 cm? 1,000 dpm Ba/100 cm?

with decay modes other than
alpha emission or spontaneous
fission) except Sr-90 and
other noted above.

21801=8

*Where surface contamination by both alpha— and beta-gamma-emitting nuclides exists, the limits established for alpha- and
beta-gamma-emitting nuclides should apply independently.

bAs used in this Table, dpm (disintegrations per minute) means the rate of emission by radioactive material as determined

by correcting the counts per minute observed by an appropriate detector for background, efficiency, and geowmetric factors
assoclated with the instrumentation.

(M
Measurements of average contaminant should not be averaged over more than 1 square meter. For objects of less surface
area, the average should be derived for each such object.




TABLE 1 (contd)

d'l‘he maximum contamination level apblies to an area of not more than 100 cm?.

“Ihe amount of vemovable radioactive material per 100 cm? of surface area should be determined by wiping that area with
dry filter or soft absorbent paper, applying moderate preassure, and assessing the amount of radicactive matcrial on the
wipe with an appropriate instrument of knowm efficiency. When removable contamination on objects of less surface area
is determined, the pertinent levels should be reduced proprotionally and the entire surface should be wiped.

f’l‘he average and maximum radiation levels associated with surface contamination resulting from beta-gamma emitters should
not exceed 0.2 wrad/hr at 1 cm and 1.0 wrad/hr at 1 cm, respectively, measured through not more than 7 milligrams per
square centimeter of total absorber. i
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PREFACE AND EXECUTIVE SUMMARY

This is one in a series of reports resulting from a program initiated in
1974 by the Atomic Energy Commission (AEC) for determination of the condi-
tion of sites formerly utilized by the Manhattan Engineer District (MED) and
the AEC for work involving the handling of radioactive material. Since the
early 1940's, the control of over 100 sites that were no longer required for
nuclear programs has been returned to private industry or to the public for
unrestricted use. A search of MED and AEC records indicated that for some
of these sites, documentation was insufficient to determine whether or not the
decontamination work done at the time nuclear activities ceased is adequate by
current guidelines.

Since the structures of West Stands, New Chemistry and Annex, and
Ricketts Laboratory are no longer standing, it was necessary to obtain soil
samples in the areas where the buildings once stood. Seventeen soil corings
were taken at undisturbed locations at these three sites. Six samples were
taken near West Stands, five near New Chemistry and Annex. and siX near
Ricketts Laboratory. The levels of natural uranium found in these samples
ranged from <0.2 to 2.4 pCi/g.

Soil samples taken from the Chicago area to determine the background
levels of natural uranium ranged from 0.5 to 3.4 pCi/g. These results indi-
cate that no uranium concentrations above natural background levels are pre-
sent in the soil from the areas of West Stands, New Chemistry and Annex,
and Ricketts Laboratory.

Elevated levels of 69Co were found in two of the soil samples taken from
the top 5 cm of earth. Sample WS-4A contained 0.04 * 0.02 pCi/g %°Co and
RI-6A contained 0.36 *+ 0.04 pCi/g 89Co. This activity could be a result of

runoff from, or oxidation of stainless steel which contained induced activity
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that may been have stored in these areas. Although there are no limits set
for $9Co, these levels do not appear to present a radiological health hazard.

This report contains the results of surveys of the current radiological
condition of the former sites of New Chemistry Lab and Annex, the West

Stands and Ricketts Lab, University of Chicago, Chicago, Illinois.

This radiological assessment was performed by the following Health
Physics personnel of the Occupational Health and Safety Division, Argonne
National Laboratory, Argonne, Illinois: R. A. Wynveen, W. H. Smith,
C. Boggs Mayes, P. C. Gray and D. W. Reilly.




*  EZ10812

ABSTRACT

RADIOLOGICAL SURVEY OF
THE NEW CHEMISTRY LAB AND ANNEX,
THE WEST STANDS, AND RICKETTS LAB,
UNIVERSITY OF CHICAGO
CHICAGO, ILLINOIS

Soil samples were collected from the areas where New Chemistry Labora-
tory and Annex, West Stands, and Ricketts Laboratory once stood. Soil
corings were taken at undisturbed locations at these three locations. The
levels of natural uranium found in these samples ranged from <0.2 to 2.4
pCi/g.

Soil samples taken from the Chicago area to determine the background
levels of natural uranium ranged from 0.5 to 3.4 pCi/g. These results indi-
cate that no uranium concentrations above natural background levels are pre-
sent in the soil from the areas of West Stands, New Chemistry and Annex,
and Ricketts Laboratory.

Elevated levels of €°Co were found in two soil samples taken from the
top 5 cm of earth. These samples contained 0.04 + 0.02 pCi/g and 0.36 *
0.04 pCi/g €°Co. This radioactivity could be a result of runoff from, or
oxidation of stainless steel which contained induced radioactivity that may

have been stored in these areas. Although there are no limits set for ¢°Co,

these levels do not appear to present a radiological health hazard.
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RADIOLOGICAL SURVEY OF

THE NEW CHEMISTRY LAB AND ANNEX,
THE WEST STANDS, AND RICKETTS LAB,
UNIVERSITY OF CHICAGO
CHICAGO, ILLINOIS

INTRODUCTION

Much of the work involved in the Manhattan Engineer District/Atomic
Energy Commission (MED/AEC) era was performed at the University of Chicago.
The New Chemistry Lab and Annex, the West Stands and Ricketts Lab were
buildings which were in use at the time. The buildings have since been torn
down.

The work performed in these building, included the handling of radio-
active materials. Both plutonium and uranium were in use in these buildings.

It was, therefore, felt that some type of soil analysis should be under-
taken. The soil samples were taken from these areas on August 2, 1977.
The purpose of this soil survey was to determine if any detectable contamina-

tion remains in the soil as a result of the MED/AEC operations.
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SOIL SAMPLE METHODOLOGY AND ANALYTICAL PROCEDURE

Soil corings were taken at selected undisturbed locations on the site of
the former buildings of New Chemistry Lab and Annex, the West Stands and
Ricketts Lab to determine the deposition, if any, of nuclides that could have
been spilled or released. Flurometric and gamma-spectral analyses were con-
ducted on these soil samples.

The corings were effected using a 10.1-cm-diameter by 15.2-cm-long
right-circular-cylinder cutting tool, used as a golf-green-hole cutter.

Each total core, 30 cm in length, was divided into four segments. Start-
ing from the surface, three separate 5-cm segments are cut, bagged, and
marked A, B, and C, respectively; the final segment of 15 cm was marked D.

The reason for the segmented coring is to determine what, if any, con-
tamination migration has occurred, to reduce the dilution of lower-level soil
with the upper-level segments in respect to the surface deposition of the con-
taminants or vice versa, and to reveal any overburden or backfill that may
have occurred over the years.

Background data for the soil-sample analysis (Table 3) were obtained
from a number of soil samples taken from the Chicago area. This information
was obtained from the Environmental Monitoring Section of the Occupational
.Health and Safety (OHS) Division of Argonne National Laboratory (ANL).

All soil samples were prepared at ANL (Figure 1) and shipped to a
commercial laboratory (LFE Environmental Analysis Laboratories) for radio-
chemical (fluorometric) and gamma-spectral analysis. Their procedure for soil

analysis is described in Appendix 1.




Results submitted by LFE Environmental Analysis Laboratories, as listed
in Table 2, are reported in picocuries per gram (pCi/g) for the Ge(Li)-
spectral analysis and in micrograms per gram (ug/g) for the wuranium-
fluorometric analysis. The latter concentrations were converted to pCi/g by
means of the calculation shown in Appendix 1.

Sample preparation consisted of weighing the samples in their entirety
and ther; drying for approximately 24 hours at 80°C. All samples were then
reweighed, put into mill jars (8.7 2), and milled until a sufficient amount of
the soil sample would pass a No. 30 standard sieve. At no point were the
rocks and heavy matericl ground or pulverized since this material would act
as a diluent and hence, lower the resultant concentration of deposited material.

After sufficient milling, the material was sieved using a No. 30, (600-
micron) standard stainless steel sieve. The rocks and dross vs. sieved
material were segregated, bagged, and weighed separately. Soil-sample
weights are given in Table 1.

Aliquots of the sieved material were then loaded into screw-top plastic
containers. The amount varied according to the type of analysis to be per-
formed, 100 grams for gamma-spectral and radiochemical (fluorometric) analyses
and 10 grams for radiochemical (fluorometric) only. All items of equipment
were scrubbed and air dried before the introduction of the next sample.

Seventeen soil samples were taken on the grounds of the former build-
ings. These locations are shown in Figure 2. Samples WS-1 through WS-6
were taken in the vicinity of West Stands. Samples NC-1 through NC-5 were
taken close to the New Chemistry Laboratory and Annex and samples RI-1

through RI-6 were taken in the vicinity of Ricketts Laboratory.




RESULTS OF SOIL SAMPLE ANALYSIS

Soil samples taken from the Chicago area to determine the background
levels of natural uranium ranged from 0.5 to 3.4 pCi/g. Results of soil
samples taken near the West Stands site range from 0.3 to 1.7 pCi/g of
natural uranium. Samples from New Chemistry range from <0.3 to 2.4 pCi/g
of natural uranium and samples from Ricketts Laboratory range from <0.2 to
1.5 pCi/g of natural uranium. These results indicate that no uranium con-
centrations above natural background levels are present in the soil from the
former West Stands, New Chemistry and Annex, and Ricketts Laboratory
sites.

Elevated levels of 6°Co were found in two of the soil samples, WS-4A and
RI-6A. Sample WS-4A contained 0.04 % 0.02 pCi/g of ¢°Co and RI-6A con-
tained 0.32 * 0.04 pCi/g of 69Co. This activity could possibly be due to
runoff from, or oxidation of stainless steel which contained induced activity

that may have been stored in these areas.




FIGURE 1

SOIL.-SAMPLING PROCEDURE AND PROCESSING DIAGRAM ANL- HP -DWG. 78-2
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_TABLE 1
SOIL SAMPLE WEIGHTS

Rocks
Wet Dry Sieved and
Weight Weight Weight Dross
Sample No. (grams) rams) rams) (grams)
WS-1A 629.0 499.7 370.8 121.8
WS-1B 587.1 512.7 367.7 136.0
WS-1C 903.4 794.8 300.7 194.0
WS-1D 2744.1 2190.8 1930.9 256.2
WS-2A 527.3 425.7 394.5 29.6
WS-2B 713.6 604.0 598.7 3.3
wS-2C 1008.0 882.2 793.3 85.0
WwS-2D 2386.9 2129.0 1649.6 457.9
WS-3A 562.5 429.8 363.2 63.4
WS-3B 563.3 469.9 350.4 114.0
wSs-3C 776.8 688.4 355.4 330.6
Wws-3D 2223.0 1978.5 824.4 1128.3
WS-4A 627.3 477.6 400.0 22.1
WS-4B 668.7 522.5 504.2 5.4
WS-4C 929.4 726.3 697.5 25.4
7S-4D 2369.8 1892.7 1693.8 197.6
WS-5A 461.5 317.2 251.6 60.7
WS-5B 579.8 371.8 361.4 4.4
WS-5C 663.9 556.5 470.4 84.6
WS-5D 2254.9 2075.5 1741.6 329.5
WS-6A 471.1 338.3 266.9 61.2
WS-6B 651.2 497.8 400.4 45.2
WS-6C 734.0 549.4 445.6 102.4
WS-6D 2337.0 2126.4 1656.2 467.4
NC-1A 651.8 533.3 439.7 77.1
NC-1B 291.8 231.4 221.3 3.9
NC-1C 904.4 752.0 961.3 179.3
NC-1D 2231.0 2002.2 1576.6 414.8
NC-2A 537.7 420.6 361.1 58.1
NC-2B 715.9 561.6 527.2 29.3
NC-2C 1240.5 1023.6 956.6 53.0
NC-2D 1869.3 1729.7 1390.0 337.5




Sample No.

NC-3A
NC-3B
NC-3C
NC-3D

NC-4A
NC-4B
NC-4C
NC-4D

NC-5A
NC-5B
NC-5C
NC-5D

RI-1A
RI-1B
RI-1C
RI-1D

RI-2A
RI-2B
RI-2C
RI-2D

RI-3A
RI-3B
RI-3C
RI-3D

RI-4A
RI-4B
RI-4C
RI-4D

RI-5A
RI-5B
RI-5C
RI-5D

Wet

Weight
(grams)

452.
955.
1012.
2066.

2295.
645.

1050.
2116.

746.
292.
385S.
2662.

735.
1050.
534.
2691.

962.
718.
878.
1090.

681.
458.
1208.
1643.

681.
525.
806.
1353.
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TABLE 1
(cont'd)

SOIL SAMPLE WEIGHTS

Dry
Weight

(grams)
331.

4

803.6

858.
1790.

391.
588.
876.
2004.

S08.
429.
949.
1979.

588.
254.
519.
2261.

556.
852.
492.
2336.

654.
546.
738.
804.

951.
370.
1033.
1401.

491.
413.
642.
1225.

ONF D DO WD WO AN WD = WO OO O QW wm w O

Sieved
Weight

(grams)

319.
754.
824.
1575.

*73.
560.
830.
1898.

463.
412.
879.
1850.

555.
246.
493.
1889.

466.
805.
419.
2024.

500.
504.
688.
790.

516.
328.
910.
1279.

479.
383.
604.
476.

NSO WO~ W O W

NOOO O MONNOY v W N W WOMNO

114.0
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TABLE 2

Ge(Li)-SPECTRAL AND URANIUM-FLUOROMETRIC ANALYSES RESULTS

Sample
No.

Ge(Li) Spectra pCi/g received wt * ¢

M

137CS

232Th Decay

Chain

226Ra Decay
Chain

Hg/g %

Uranium

O

pCi/g * o

I+ I+ I+ i+

&
t
*
p.o

0.5
0.3
0.4
0.4
0.3
0.2
0.5
0.3
0.4
0.4
0.3
0.5
0.4
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.5
0.3
0.8

I+ 1+ 1+

+ 14 1+ 4+

RN HENE RS ORMOO RO

1+ 1+ 1+ 1+

I+ 1+ 1+

2
0
.8
.0
7
.4
0
.4
.3
.6
.1
.S
.3
.4
.8
.8
0
1
0
5
.3
1
7

A s R
(X}
-3

A O OROO
OOoOwom
I+ 4+ i+ 1+

o .
¢ 0000 N
~J

I+ 1+ it

ONW WWWW WWIBW WNWW NWHN  WWNW

L] ’ .
I+ I+ I+ I+

I+ I+ 14+ 1+

+ I+ 4 14+

I+ I+ 1+ 4+ I+ 1+ 1+ 1+

(e Na [N No o] OOPO OOOO [o NN o] QO OO

I+ 4+ I+

[\S s Vo O ~J 00 W~ O W W= waou ~N o

sror 2225 g
O
coo oocoo
DWW wWuww

[ N] .
ou_'wmo [0 N W 3-3
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TABLE 2
"(cont'd)

AT E=10812

Ge(Li)-SPECTRAL AND URANIUM-FLUOROMETRIC ANALYSES RESULTS

Sample
No.

Ge(Li) Spectra pCi/g received wt £ ¢

M

232Th Decay

Chain

226Ra Decay
Chain

ug/qg

Uranium

O

pCi/g * o

NC-3A
NC-3B
NC-3C

. NC-3D

NC-4A
NC-4B
NC-4C
NC-4D

NC-5A
NC-5B
NC-5C
NC-5D

RI-1A
RI-1B
RI-1C
RI-1D

RI-2A
RI-2B
RI-2C
RI-2D

RI-3A
RI-3B
RI-3C
RI-3D

RI-4A
RI-4B
RI-4C
RI-4D

RI-5A
RI-5B
RI-5C
RI-5D

0.81

0.73

0.82

2.00

2.52

0.50

0.22

1.64

I+

I+

I+

I+

I+

I-+

I+

1+

.06

.07

.06

.10

.02

.08

.12

.16

.12

.10

.10

.10

.05

.14

1+

i+

I+

I+

I+

I+

I+

I+

.08

.10

.08

.08

.07

.06

.04

.10

H

I+ i+ I+

AOKDN OOOW

O
-mcowm oW oo wm

I+ I+ 1+

leNeXe] OO

+ I+ i+

I+ 4
© oooo
1=% ooy

i+

AANC OONE

k=l
wwo
-+ 1+ |4 1+
OoOrRrOO
DO ™

OCOO OO OO
UV N oy b,

BoOWUM BOWO

oo

4+

O.QH
OO OOOO
www W W W

I+ 4 I+

L]
e WO D OOy >

8886 8

w w L N 1.3
I+
o
w

o A
BPLPe PPey
>

4+
coco ooo
worw wWJgw

1+ 1+ 1+

T oo OO W

A OO
a8s8° ¢ =t
H
o ococoo
W W hW

QO OO
=] O

1+ i+ 1+ 1+
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TABLE 2
‘(cont'd)

Ge(Li)-SPECTRAL AND URANIUM-FLUOROMETRIC ANALYSES RESULTS

1
Ge(Li) Spectra pCi/g received wt * o< )
Sample
No. 137Cs 232Th Decay  22%Ra Decay Uranium
Chain Chain (2) (3)
ug/g * o pCi/g * o
S
R1-6A€7)1.91 £ 0.10 0.32£0.03  0.31 £0.05 0.6+ 0.4 0.4 0.3
RI-6B 0.6 + 0.4 0.4 +0.3
RI-6C 1.0+ 0.4 0.7 £ 0.3
RI-6D 0.5 £ 0.3 0.30.2

(1) One standard deviation due to counting statistics.
(2) DATA results for LFE.

(3) ANL conversion from Appendix 2. _

(4) Sample WS-4A contained 0.04 + 0.02 pCi/g €°Co.
(5) Sample RI-6A contained 0.36 + 0.04 pCi/g ©°Co.
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TABLE 3
BACKGROUND SOIL SAMPLE DATA
Cesium-137, Thorium-232,
Natural Uranium in Soil, 1977
_6
(Concentrations in 10 pCi/g)
Date Uranium
Collected Location Cesium-137 Thorium-232 (natural)
June 16 Argonne Area 1.0 £ 0.3 0.34 £ 0.01 1.6 +0.1
June 16 Argonne Area 0.9 £ 0.3 0.23 £ 0.01 1.8 +0.1
June 16 Argonne Area 1.1 £+ 0.3 0.15 £ 0.01 1.2+0.1
June 16 Argonne Area 0.5 0.2 0.36 £ 0.03 1.6 £ 0.1
June 16 Argonne Area 1.0 £ 0.3 0.33 £ 0.04 1.1+0.1
Nov. 15 Argunne Area 0.4 0.1 0.25 £ 0.01 1.1 £ 0.1
Nov. 15 Argonne Area 1.1 +0.3 0.07 £ 0.01 0.9 £0.1
Nov. 15 Argonne Area 1.1 +0.3 0.07 £ 0.01 1.4+0.1
Nov. 15 Argonne Area 0.9 £ 0.3 0.07 £ 0.01 1.2+ 0.1
| Average 0.9 £0.2 0.21 £ 0.08 1.3+0.2
Off-Site
I June 14 Channahon, IL 0.9 £ 0.3 - 1.3+ 0.1
| June 14 Morris, IL 1.2 £0.4 0.32 = 0.03 3.0+0.2
| June 14 Starved Rock 0.6 £0.2 0.26 £ 0.01 0.5+ 0.1
| State Pk., IL
} June 16 Lemont, IL 0.7 £ 0.2 0.38 £0.01  1.2#0.1
| June 16 - Romeoville, 0.5 +0.2 0.17 £ 0.02 3.4 0.2
| IL
|
| October 6 McKinley Wds. 1.0 £ 0.3 0.13 + 0.01 1.0 £ 0.1
| State Pk., IL
|
| October 6 Dresden Lock 1.2 £ 0.4 - 2.0+0.1
| and Dam, IL
|
| October 27 Saganashkee 0.8 0.3 0.23 £ 0.01 1.6 £+ 0.1
I Slough, IL
October 27 McGinnis 0.9 0.3 0.19 + 0.01 1.5 £ 0.1
Slough, IL
Average 0.9 £0.2 0.24 £ 0.07 1.7 £ 0.6

FThese results are transcribed from "Environmental Monitoring at Argonne
National Laboratory Annual Report for 1977" (ANL-78-26) by N. W. Golchert,
T. L. Duffy, and J. Sedlet.
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APPENDIX 1

SOIL-ANALYSIS PROCEDURE FOR TOTAL URANIUM AND
GAMMA-EMITTING NUCLIDES

A 60-milliliter volume of the received soil was counted in a petri dish for
500 minutes on a Ge(Li) detector over the energy range 0-1.5 MeV. This
corresponded to 60-100 g of soil, depending upon bulk soil density. Positive
photopeaks above instrument background were converted to dis/mih using a
line efficiency curve based upon a National Bureau of Standards Multi Gamma
standard. The natural-thorium-232 and radium-226 decay chains were calcu-
lated using the 0.910-MeV actinjium-228 and 0.609-MeV bismuth-214 photopeaks,
respectively. Cesium-137 is reported for each sample as a repre-
sentative gamma emitter. Potassium-40 was observed on all soil samples, as
expected, but was not calculated or reported.

One gram of the soil sample was ashed and dissolved in HF-HNO, for the
total uranium analysis. A 100-A aliquot of the dissolved sample was fused
with 98% NaF-2% LiF and the fluorescence determined using a Jarrel-Ash

fluorometer. A quenching factor was determined for each sample by using an

internal spike.




17 ﬁRAFi E=10812

APPENDIX 2
NATURAL-URANIUM CALCULATIONS

Radicactive half-lives of 234y, 235U, and 238U, as well as the present
abundance for each isotope, were obtained as current best values from the
"Table of Isotopes" - 6th Edition by C. M. Lederer, J. M. Hollander, and
I. Perlman, 1967. The values used are:

Isotope Half-life (years) % Abundance
234y 2.47 x 103 0.0057
235y 7.1 x 108 0.7196
238y 4.51 x 10° 99.2760

100.0013

Note that the abundance totals 100.0013%. Since it cannot be determined
which isotope(s) are in error, the calculations are made with the 0.0013% error
not accounted for.

SpA = AN = (1n 2)N
t

SpA Specific Activity

Number of radioactive atoms per unit mass = Avogadro's Number

A
Gram atomic weight

Avogadro's Number = 6.025 x 1023
N = Number of radiocactive atoms per unit mass

= Avogadro's Number
gram atomic weight

t, = Half-life in years (a)

. 23
Spa = 0.693 - 6.025 x 10 - dis/min-gram

min .
. R s ——— * gram atomic
t,ﬁ(a) 5.256 x 10 a weight

0.693 - 6.025 x 1023
2.47 x 10% - 5.256 x 105 - 2.34 x 102
1.374 x 101° dis/min-gram

SpA 234y

n

_s
1.374 x 10% dis/min-pg - 5.70 x 10

= 0.783 dis/min-pg of natural uranium




18

RAET .
il B g-ypgy2

NATURAL-URANIUM CALCULATIONS

APPENDIX 2
(cont'd)

SpA 235U = 0.693 e 6.025 X 1023
7.1 x 108 - 5.256 x 105 - 2.35 x 102
4.76 x 10% dis/min-gram.

-3
4.76 dis/min-pg - 7.196 x 10

0.034 dis/min-ug of natural uranium

4.51 x 10% - 5.256 x 10% - 2.38 x 102
7.4 x 105 dis/min-gram

i

]

-1
0.74 dis/min-pg - 9.9276 x 10

= 0.735 dis/min-pg of natural uranium

Therefore, the activity of 1 pg of natural uranium is
0.783 dis/min 234U + 0.034 dis/min 235U + 0.735 dis/min 238y
= 1.552 dis/min-pg.

Conversion of pg/g to pCi/g

1.352 dis/min-ug
2.22 dis/min-pCi

0.6391 pCi

Example Calculation: WS-1A

(1.2£0.5] _pg . 0.6991 pCi _ [0.8  0.3] pCi

gram Hg gram
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General

All accessible original walls were surveyed to a height of 2 meters
and all accessible floor areas were surveyed (Table 1), In many areas,
the floors and walls had been carpeted or painted. Even though these were
not the original surfaces, these areas were surveyed since the capability
of detection was adequate to detect activity on the original structures
underneath. A representative selective survey of overheads such as ducts
and beams was performed in areas where the original structures were
available, See Table 1 and Figurés 1A through 1F for locations of accessible
areas surveyed. (All measurements were originally taken using the English
system. The SI units are to the nearest approximation., For example, 2
inches are equal to 5 cm.)

Instrumentation

Three typeés of survey instruments were used (Table 2). An Eberline
FM-4G having a detection area of 325 cm , utilizing the Eberline PAC-4G-3
elecg§hics, was used to survey the floors. A PAC-4G-3 with a hand-held
detector, S1 cm in sensitive area, was used to survey the walls and other
accessible areas. Double aluminized mylar ( 0.85 mg/cm ) windows were used
in both detectors. This allows low energy detection and, therefore, pro-
vides for increased instrument sensitivity. Both of these instruments
were initially used in the beta mode. In the beta mode, the detector responds
to alpha and beta particles and X and gamma rays. When areas were found
which indicated a higher count rate than the instrument background, the
instrument was then switched to the alpha mode and a reading of the alpha

activity was obtained. In the alpha mode, the instrument only responds to

particles with high specific ionization such as alpha particles.






