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ABSTRACT
A radiological survey was conducted at an ll-acre site in Hazelwood,
Missouri, formerly used for storage and drying of radicactive residues
originating from uranium ore handling operations at the Mallinckrodt
Chemiczl Works in St. Louis, Missouri. There are four buildings on the
site; 2zt the time of the survey, these buildings were being prepared for
use in an operation for manufacturing chemical coatings. The survey
included mezsurement of the following: external gamma radiation at 1l m
zbove surfaces throughout the siée; beta-gamma dose rates at 1 cm from
surfaces throughout the site, and transferable betz contamination levels
in the buildings; directly measured and transferable alpha contamination
226 238U

levels on surfaces in the buildings; concentrations of Rz,

s
ZSZTh, 227Ac, and/or 23OTh in samples of scil and other materials on the
site; concentrations of 230‘I‘h, 226Ra, and ZlOPb in water and sediment from
2z creek near the site; and concentrations of radon and progeny in air in
the buildings on the site. It was found that ziphes and beta-gamma

contamination ievels on surfaces and external gamma radiation levels at

1 m zbove surfaces exceed current NRC guidelines for the release of

=
Research sponscred by the Department of Energy under contract with
Union Carbide Corporatiom.
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decontaminated property for unrestricted use over a large portion of the

site. It is estimated that the tor three inches of 03l on much of the
226

site contains an average of 140 pCi

. ~ 238 230 227
concentrations of “~°U, Th, and ““'A

Ra/g and probably higher average

c. If reconstruction of the

buildings is completed without removal of waste residues presently

2
-

i . . 2
inside or near the structures, potentially hazardous Rn daughter

concentrations could develop inside some of the buildings. At present,

-2 2189

the concentration of Rn daughters in Bullding 1 appears to be higher

222 )
than the “““Rn daughter concentration.

INTRODUCTION

At the.request ¢f the Energy Research and Development Administration
(ERDA) and the Nuclear Regulatory Commission (NRC), a radiological
survey was conducted at 2 former licensed site located at $200 Latty
Avenue in Hazelwood, Missouri. . There are four buildings on this ll-acze
site (see Figs. 1 and 2). These structures have a totzl floor area of
approximately 18,000 ftz. At the time of the survey, the buildings wefe
all vacant and were being prepared by 4 workers for use in an operation
for manufacturing chemical coatings; the remaining 10.6 acres on the
property were not being used. The site is located in a2 large industrial
area and is well removed from residential areas. Water run-off from
some parts of the property drains inte the nearby Cecldwzater Creek and
the remainder of the run-off apparently drains into the city sewer
system.

The following history of the site was obtained from a 1976 NRC re-

1 . . L . . .
port. In early 1966, ore residues and uranium- and radium-bearing




rTocessec wastes which had been stored at the St. Louis Airport property

were Doved by the Continental Mining and Milling Company of Chicago,
Illinois, to the Latty Avenue site. These wastes had been generated by
Mzllinckrodt Chemical Works of St. Louls during the period 1942 through
the lzte 1250's. In January, 1987, the Commercial Discqunt Corporation
of Chicago, Illinois, purchased the residues; much of the material was
then dried and shipped to the Cotter Corporation facilities in Canon
ity, Colorado. The source meterial remaining a2t the Latty Avenue site
wzs sold to the Cotter Corpcraticn in December, 196%. Records indicate
that residues remaining on the site zt that time included 74,000 tons of

Belgizan Congo pitchblende raffinate containing zbout 113 tons of urznium,

32,500 tcns of Colorado raffinate containing about 48 tons of uranium,
and 8700 tons of leached barium sulfate containing about 7 tons of
uranium. During the period August through November, 1970, Cotter Corporation
dried some of the remaining residues and shipped them to their mill in
Canon City, Colorade; by December, 1870, an estimated 10,000 <tons of
Colorado raffinate and 8700 tons of leached barium sulfate remained at
the Latty Avenue site.

In Apzil 1974, an NRC inspector was informed that the remaining
Colorado raffinate had been shipped in mid-1873 to Canon City without
drying and that the leached barium sulfate had been transported to 2
lancfill zrea in St. Louis County. A Teported 12 to 18 in. of top soil
nad been strippec Zrom the Latty Avenue site and had supposedly been
removed with the leached barium sulfate. However, analyses of soil

semrles taken curing an NRC investigetion of the Latty Avenue site in




1875 indicatec the presence oI uranium- and thorium-bearing residues;

furtherzore, &t some points on th

ot

[(]

site, direct readings of radietion

1
"
0
o

eded criteriz established by NRC for decontamination of land areas
prior to release for unrestricted use.

The present survey was undertazken to characterize the existing
razciclogiczl status of the property. It was conducted by five members
oI the Hezlith znd Safety Research Division, Oazk Ricdge National Laboratory
(ORNL) during the periods June 27 through July 1, July 11 through July
15, and September 19 through September 22, 1577. The survey included:
(1) neasurement of external gamma radiation levels at 1 m above

the surface throughout each building, and outdoors throughout

the site;
(2) measurement of fixed and transferable azlpha and betz contam-
ination levels on walls, ceilings, floors, and supports

throughout each building;

(3) mneasurement of beta-gamma dose rates at 1 cm from surfaces
throughout the buildings and outéoors throughout the site;

(4) measurement of 226Ra, ZSBU, 232Th, and 227Ac (and, in a
few cases, ZSOTh) in soil samples taken inside buildings and
ocutdoors on the site;

(5) measurement of ZsoTh, 226Ra, and 210?b in water samples taken

Zrom Coldwater Creek near the site; and
(6) measurement of radon and progeny in air in the buildings on

the site.
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""Contamination,'" as used in this report, refers to radiocactive
—aterials either on or below surfaces, whether fixed or removable. Survey
meter readings made on surfaces are used to estimate the level of tosal
surface contamination, while standard smear techniques are used to

estimate the levels ¢f transferable contamination.

SURVEY METHODS

Throughout this report, the term "lower wall' refers to the surface
o a wall up to a height of 6 £i, and ''overhead surfaces" include
wall surfaces above & ft. A "survey block" is a rectangular subsection
of some large area to be surveyed, either indoors or outdoors. Survey
blocks are normally formed by mutually perpendicular sets of 'grid
lines," and the intersection of these lines (that is, the corners of the
survey blocks) are referred to as ''grid points."

Floors and lower walls of the buildings on this site (except for
Building 4) were divided into survey blocks using grid lines parallel
to the bases of the walls. The survey blocks used in Building 1 measured
20 £t x 20 ft on the floor and 20 ft x 6 £t on the lower walls (see Figs.
3 through 6); those in Building 2 measured 20 £t x 17 f¢ on the floor and
20 £t x 6 £t on the lower walls (see Figs. 7 through 10); and those in
Building 3 measured 7 £t x 7 £t on the floor and 7 £t x 6 ft on the lower
wells (see Figs. 11 and 12). Alsc, the outdooTr zrez on the site was
divided into 50 ft x 50 £t survey blocks using two sets of grid lines,
one parallel and the cther perpendicular to a2 base line which had been
Tun by a surveving company (see Figs. 1 and 2). Readings in Building 4
were taken at uniformly spaced, randomly selected points (see Figs. 13

and 14).




Measurement of Alpha Contamination lLevels in Buildings
irect measurements of alpha contamination levels were made on floor,

wall, and ceiling surfaces throughout the buildings (except

th

or dirt floors
in Buildings 1 and 2) using alpha scintillation survey meters described

in Appendix I. Crid point readings and maximum observed readings for
survey blocks were recorded; and for areas not divided into survey

>locks, Teadings were tazken and recorded at nearly uniformly spaced

peints. The alpha survey meters were equipped with scalers which allow

po

ntegration of counts over various time intervals, permitting direct
alrha ceasurements on surfaces with low-level alpha contamination. If
. . *
counts are integrated over a period of 60 sec, the count rate error
pi

associated with a direct reading of 300 dpm/100 cm” is = 30% for this
Instrument, and the count rate error associated with a direct reading of

. 2 .. 4 ene
100 dpr/100 cm™ is z 50%.

For the measurement of transferable alpha contamination levels,
smezr samples were taken, using standard smear techniques described in
Appendix III, at many of the points at which direct alpha readings were

taken. The smears wers counted using the zlpha smear counter shown in

Appencdix I. The count rate errors associated with transferable zlpha

measuremensts reported in this document are = 30% or less. It should be

pointed out that indeterminable errcrs are introduced in taking smear
sarsles because of some variation in pressure applied, in the conditiocn

of the surface, and in surface area covered.

=
Unless otherwise specified, errcrs reported in this document refer to
the 68% cocnfidence level.

’

———




Measurement of Beta-Gamma Dose Raztes and
Transferable Beta Contamination Levels in Buildings

Beta-gzmma dose rates were measured zt ! cm from the flocr, wall,
and ceiling surfaces in the buildings, using Geiger-Muller survey meters
described in Appendix I. 1In Buildings 1 and 2, readings were taken at
each of the grid points on the floors and lower walls and at the point

within each floor survey block showing the highes:t external gemmz level

“

at 1 m (as measured with the gamma scintillation survey meter described

ot

later). The survey blocks in Building 3 were considerzbly smaller, and
each block was scanned with 2z G-M meter to determine the maximum beta-
gamza dose rate. On all overhead surfaces in the buildings (including
walls above 6 ft) and throughout Building 4, beta-gammz dose rztes wer
measured at a sufficient number of uniformly spaced points to obtain
representative data.

The G-M meters (with open-window probe) were calibrated at ORNL by
comparison with a Victoreen Model 440 ionization chamber (see Appendix I),
and 2 conversion facter of 2000 cpm = 1 mrad/hr was determined using

238

26 . . cese .
Ra in approximate equilibrium with u.

-

materials contaminated with
At normal background levels, the G-M meter usually shows readings less
than 0.05 mrad/hr (100 cpm) and averaging approximately 0.02 mrad/hr.
It should be pointed ocut that readings within the range of normal back-
ground cannot be accurately reproduced on the G-M meter. For higher
individual measurements it appears that, in extreme cases, the absolute

errcr invelved in using this conversion factor (2000 cpm = 1 mrad/hr)

may be 60% or more. However, the absolute error inveolved in determining




an average beta-gammaz dose rate for a large, contaminated surface, such

N

as a floor cr wall, appears to be no higher than 15%.

[v24

etz radlation cannot penetrate the closed window on the G-M probe;
hence, gamma radiztion levels can be measured with the window closed.

The conversion factor for gamma radiation is 3200 cpm = 1 mR/hr. This

- . . . 226 s
factor was determined at ORNL using a “" Rz source. A significan

ot

difference in the open-window and closed-window rezdings on the G-M
meter at some point indicates the presence of beta-emitting surface
contaxination, since most beta particles can penetrzte only a few
miliimeters cf dense materials.

The smear samples described earlier were counted, using beta smear
counters shown in Appendix I, for the determination of transferable betz
sontamination levels. The error associated with mezsurement of transfer-

able beta contamination is discussed in Appendix I.

Measurement cf Extermal Gamma Radiaztion Levels in the Buildings
Three types of instruments were used to measure external gamma

radiztion levels at 1 m above the surface on this site: (1) G-M meters
described earlier; (2) a scaler-eguipped G-M counter described in rgf.
2; and (3) Nal scintillation meters described in Appendix I. The G-M
meters are equipped with ratemeters which show instantaneous gamma
racdiztion levels when the probe window is closed. Since these ratemeters
aTe unrelizble for radiation levels within the range of ncrmal background,
the scaler-equipped G-M counters were used to measure low-level gamma
radiztion. The Nzl scintillation meters are extrenely sensitive and

were used on this site to locate contaminated zrezs, as well as o




loczte peints within survey blocks showing maximum external gamma levels.
However, since the response of the Nzl scintillation meter is highly
energy dependent, actual measurements ¢f external gamma radiztion were
made only with the two types of G-M iInstruments described earlier.

In Buildings 1 and 2, external gamma levels 2t 1 m azbove the floor
were measured zt each of the grid points. 1In addition, the maximum
external gezma radiation level at 1 m was determined within alternat
survey sguares in Building 1 and in each survey square in Building 2.
In Buildings 3 and 4, externzl gamma levels at 1 m were measured at
randonly selected points, and in each of these buildings, a scan was
made with the geammz scintillation meter to insure that the measurements

had been Tepresentative for the building.

Mezsurenment of Radon and Progeny in Air in the Buildings

Continuous 24-hr measurements oi Tadon concentrztions in air were
made in Buildings 1, 2, 3, and 4 using an instrument developed by Wrenn,
et al.,S and referred to as a Wrenn chamber. This instrument, described
in Appendix II, was attached to 2 printer which recorded automatically
+he radon concentrations at intervals of 2000 sec. Because some radon
and progeny from previous 2000-sec intervals rémain in the Wrenn chamber,
each reading actually represents a concentration wrnich has, effectively,
been integrated over a2 period of 2 to 4 hr.

For the measurement of radon daughter concentrations in air in
Buildings 1 and 2, air was pumped Zor 5 to 10 min at approximately 12
liters per min through 2 membrane filter with 2 maximum pore size of 0.4

vm., The filter was counted using an alpha spectrometry technigue described

in Appendix II.




Measurements of External Gamma Radiztion Levels 2t 1 m and
Retz-Garma Dose Rates at . cm from the Surface Cutdoors

At each of the grid points shown in Fig. 1, the beta-gamma dose
rate was measuTed with an open-window G-M meter at 1 cam frem the surface,
znd the external gamma level was measured at 1 m abcve the surface with
one of the G-M meters described earlier. Then ezch survey block was
scanned with a Nal scintillaticn meter tc determine the point showing
the maximum external gamma level, and the beta-gamma dose rate was

measured at ! cm above that point with a G-M meter.

Determinaticn of Radiocnuclide Concentrations in Soll and Weter

Surface soil‘samples were taken from the dirt floors in Buildings 1
zand 2, from a small open dirt area in Building 3, and outdoors at
intervals of 150 ft or less; locations are shown in Fig. 15. Most
samples were tzken at randomly chosen locations; however, scme sampling
locations were chosen because of elevated radiation levels at those
points. Core holes were drilled with z manually operated split-spoon
sampler at indoor and outdoor locations (usually chosen at randem) shown
in Fig. 16, and soil samples were taken from these core holes at depths
of 0 to 2 ft. In addition, samples of scale and building materials were
taken from the interior surfaces of the buildings. All samples of soil
and building materials were dried for 24 hr zt 110°C ancd then pulverized
to 2 particle size no greater than 500 um in diameter (-35 mesh) .
Aliguots from each sample were transferred tc plastic bottles, weighed,
zand counted using a Ge(Li) detector and & multichannel analyzer. The

spectrz obtained were analyzed by computer technigues. A description of




the Ge(Li) detector and soil counting techniques is given in Appendix
- o . 226 238 232, . 227 .

IZI. Concentrations of Ra, U, Th, and Ac in the samples
were determined.

A barrel containing a radiocactive residue was found in the southwest

corner of the property. The barrel was taken to ORNL, where samples of
, .. . . 230 228 232 231 227 .
the residue were znzlyzed for Th, “°°Th, Th, Pz, Ac, and

3

“T7Re by the Analytical Chemistry Division using radiochemical techniques
described iIn appendices to the ORNL Master Manual.

Wzter samples were taken at a point on the southern end of the site
where drainage from the site flows into the nearby Coldwater Creek, and
at a point downstream about 2 miles from this point. A third szmple was
t2ken on the northern end of the site at the point near Latty Avenue
where drzinage flows into a storm sewer. The water ané sediment were

230 226 210

analyzed for Th, Ra, and Pb by the Analytical Chemistry Division

of ORNL, using the radiochemical technigues mentioned above.

Background Measurements
Background extermal gamma radiztion levels at 1 m above the ground
were measured at 4 points within 4 miles of the site. The measurements
ranged from 7 to 8 uR/hr. Scil samples taken at the same points con-

22

”e
tzined, on the average, 1.3 pCi 6Ra/g and 1.2 pCi “°2Th/g. The average

. - 238, . .
concentration of U in these samples was 1.2 pCi/g.
Background betz-gamma dose rates, 2as measured with the G-M meters

used on the site, typically average approximately 0.02 mrad/hr. However,




™m
n
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noted earlier, readings at this level cannot be accurately reproducec
cn the G-M meter. Background direct alpha readings for the type of
alrha meter used on this site are negligible.

All direct meter readings reported in this document represent gToss

-

readings; background radiation levels have not been subtracted. Similarly

packground levels have nct been subtracted £rom radionuclide concentraticns

measured in environmental samples and building materials. For the
neasurement of transferable alpha and beta contamination levels, average
tackground counts were determined for the smear counters (at the place
of counting), and these background counts were subtracted from gross

counts.

GUIDELINES USED TO EVALUATE RESULTS
Guidelines used in this document tc evaluate datz from the survey
zre provided in Appendix IV. Scie of these guidelines are discussed
briefly in this section.
Surface contamination levels measured on the site are compared in
this report with NRC guidelines for release of property for unrestricted
use. For surfaces contaminated with alpha emitters, strictest limits

-
“26Ra and ZSOTh, two of

*
the principal contaminants on this site. The average and maximum limits

apply to a2 group of radicnuclides including

for direct measurements ¢of alpha contamination levels on surfaces contam-

inated with these radionuclides are 100 dpm/100 cm2 and 300 dpm/100 cmz,

respectively, and transferzble alpha contamination should not exceed
2 . . . - .
20 dpm/100 ecm”. Strictest NRC guidelines Zor beta emitters apply to a

- . . . . 227 s - .
group of radionuclides including Ac, which was also found to be in

Mezsurements may not be brought below limits by averaging over more
+hzn 1 m°. The maximum level applies to an area of not more than 100 cm




b—
Wy
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- Shmd b

ation levels for sur-

on Transferable beta con
. 227 . . N 2
it Ac should noct exceed 20 dpm/100 cm”™, and,

the contaminant, average and maximum beta-gammz dose rates
Tespectively.

rdless ¢
exceed 0.20 mrad/hr and 1.0 mrad/hr
guidelines for external gamma radiztion given in

sheculd not
TheTre are several 11
is the figure 500 mrem/year for maximum exposure To an

e

)

AT ix IV
.

the Environmental

on. Radliological Protection (ICRP) and the Nztional Council on Radiation
is ti

pendix : i
in the pecpulation, recommended by the Intermational Commission

indivicusal
Another

otection (NCRP), ané stated in 10 CRF 20.
Protection Agencv's (EPA) recently adopted limit of 25 mrem/vear for all
g ) J ) P )

Finally, there is the Surgeon General's

°r
ohases of the uranium fuel cycle.
figure of 30 uR/hr for exposure over the background level, above which
remedizl action was suggested in the Grand Junction, Colorado, situation.
Since this site is being prepared for use as a small industry, it seems
a

)

ple to assume that no individual will be on the site more than

o)e

t"n

ssuming an exposure time of 2500 hr per year,

ez
each yezar.
zx—a radiation level of more than 18 pR/hz (10 uR/hr plus the average

i

T

007
background level of 8 uR/hr) would exgged rthe FPA —ecommendation, and a

ievel of more than 208 uR/hr would exceed the ICRP recommendation.

1o
w

[
t

118

Furthermore, an externmal gamme level of more than 58 uR/hr would exceed

the Surgeon General's gaiiellies.
SURVEY RESULTS

Measurement of Alphz and Beta-Gammz Contamination and

b

ané External Gamma Radiation Levels in Builcdings

a 30-7t ceiling.

120 ft x 100 £t anc has

2uilding 1
STTUCTUTE measuTes
this survey, the floor of the building was composed of




¢ oroken concrete, and there were openings along the walls (in-
I - -t . . - 2 .
cluding scaces for 33 windows) totaling approximately 2500 ft~. This

Suilding was used at one time for drying and otherwise preparing radicactive

"
[41]
wn
b
Q4
(1]
w0
th

or shipment.

Results of beta-gamma dose rate measurements in Building 1 are
given in Figs. 3 and 4, and in Table 1. Highest contzmination levels
~e—e —ezsurec cn the dirt flcor and on & horizontzl steel ledge approxi-
=ztely <.3 7t zbove the floor. Betz-gamme dose rates at 1 cm fron the
fiocr, wall, and ceiling surfaces and were as high as 2.4 mrad/hr at 1
-m zbove the dirt floor. The percentage of the dose rates attributable
+o0 bera radiztion varied between zero and 80 on the floor and lower
w2lls But was near zero at most points on overhead surfaces. On the
lower wzlls, transferable beta contamination levels averaged 45 dpm/100

2 2
cm” and were as high as 250 ¢pm/100 cn” on the horizontzl steel ledge
~entioned above (see Table 2). On overhead surfaces, «ransferable beta
contaminz=ion levels averaged 15 dpm/100 cm2 but were as high as 200
dpm/100 cmz (Table 2). A general note should be made for surfaces where
sransferable betz contamination was measured. Contamination on a Smear
sample may not represent quantitatively the transferable component on
the surface. Many smears were taken on surfaces where dust had accumulated
o z thickness of 0.5 to 1 cm.

Direct zlpha measurements on wall and ceiling surfaces in Building
1 generzlly exceeded 300 dpm/100 cm2 (see Fig. 4 and Table 1) and were

as high 25 18,000 dpm/100 cm2 on the steel ledge on the lower wall.
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Direct alpha cezdings were taken at approximately 5 cm above *the dir=

. . .y - . 2
ew points; these readings exceeded 3,000 dom/100 cm” =at
2

. . \ . . 22 219
soze points and probably resulted from the emanation of “““Rn, Rn,

-
: . 220 . .
and possibly Rn. Transferable alpha contamination levels on the

t,
bt
6]
O
H
»
ot
m
th

walls and ceiling were generally higher than transferazble beta levels;
. o)
transierable zlpha centamination levels averaged 113 ¢pm/100 em”™ on the
. - 2 - Ll
lower walls and 35 cgm/ 100 cm™ on overhead surfaces (Table 2).

Externzl gamma radiation levels at 1 m above the flocr of Building

1 were generally in the range of 100 to 500 uR/hr (see Figs.

[¥)

}}
4
(o)

.

The average external gamma level at 1 m (based on grid point measure-

ments) was aprroximately 150 uR/hr.

This structure measures 60 ft x 50 ft and has 2 25- to 30-ft ceiling
anc a dirt and gravel floor. At the time of the survey, the building
hac uncovered door, wall, and window openings totaling approximately 500
2.2 - . oy gz . .
£t”. The former use of this building is uncertain.

Results for beta-gamma dose rates measured in Building 2 are presented
in Figs. 7 and 8, and Table 1. Beta-gamma dose rTates at 1 c¢cm from the
surface were generally lower than in Building 1 but exceeded 0.20 mrad/hr
. 2 - . -
in some areas of 1 m~ or more on the floor. The fraction of the beta-
gamma dose rate attributable to beta radiation was near zero at most
points but was as high as 80% on the floor and 60% on the upper surfaces.

2
Transferabie beta contamination levels exceeded 20 dpm/100 cm™ at seversl

'

oints on the lower wzlls and at a few overhead points (Table 2). The

oaximur transferzble beta contamination level measured was 110 dpm/100

o

cz”, on 2 steel ledge on the lower wall.
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Direct measurements of alpha contamination levels on the walls and
L A . 2. \
ceilings exceeded 300 cpm/100 cm” in several places and were as high as
2 - . ; . :
2600 dpm/100 cm”™ (see Fig. 8 and Table 1). Maximum zlpha contamination
levels were generally meazsured on horizontal steel beams. Transferzble
o

alpha contamination levels exceeded 20 dpm/100 cm™ a2t most points of
Tezsurement on the lower walls and at some points on overhead surfaces.
The maximum transferable alpha level measured in the Building was 210
. 2 L.
dpz/100 cm” (see Table 2); this smear sample was taken on a steel beam
on an upper wall.

External gamma measurements at 1 m above the floor (Figs. 9 and 10)
generally ranged Zrom 40 to 105 uR/hr. It appeared that high gamma
radiation levels outside the building were responsible for part (but not
2ll) of the elevated beta-gamma dose rates and external gamma radiation

levels inside the structure.

Building 3
This structure measures 42 ft x 28 ft and has a 15- to 20-ft ceiling
and a concrete flocor. It is referred to in an NRC repcrtl as a ''garage."
Beta-gamma dose rate measurements for Building 3 are reported in
Fig. 11 and Table 1. At 1 cm from interior surfaces, beta-gamma dose
rates did not exceed 0.18 mrad/hr except in the open dirt on the floor
in the northwest corner of the building, where 2z maximum measurement of
0.40 mrad/hr (principally beta radiation) was recorded. Transferable
beta radiation levels averaged 30 dpm/100 cm2 on the floor and 20 dpm/100

2
cn” on the lower walls (Table 2).
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Direct measurements of alpha contamination levels exceeded 300
. 2 . .
coz/10C co” a2t points in each of the survey blocks on the floor and

lower walls (se

(4

Fig. 11). On overhead surfaces, direct alpha measure-
- 2 . .
ments zveraged 50 dpm/100 cz”™ (Table 1), and only 1 of 16 overhead
= . 2 . .
mezsurements exceeded 300 dpm/100 cm”; this reading was taken on a
horizontal steel beam above the northern entrance. Transferable alpha
. . . 2 -
contazaminztion levels averaged 95 dpm/100 cm” on the floer and 30 dpm/100
2 ; .
con” cn the lower walls (Table 2). However, smear samples taken on vertical
surfaces of the walls, (that is, not on beams and ledges) generally
2
showed less than 20 alpha dpm/100 cm™.
External gamma radiation levels measured at 1 m above the floor
ranged from 30 to 55 uR/hr (see Fig. 12). These elevated readings are

probably attributable chiefly (but not completely) to contamination ocut-

side the building.

Building 4

This small structure (56 £t x 20 ft) was partially destroyed in a
fire and was undergoing extensive construction modificaticns at the
time of the survey, particularly on the walls and ceiling. The building
has a concrete floor. According to an NRC report,l this structure once
served as an office building.

Radiation levels in Building 4 were generally low except for alpha
contaminztion on the concrete floor. Direct alpha measurements on the
floor were in the range of 50 to 330 dpm/100 cm2 {see Fig. 13}, and
transferable alpha ccntamination levels were as high as 60 dpz/100 cm2

(Table 2). It zppeared that the elevated alpha readings were being




produced at least in part by soil brought into the building on shoes.

Ixternzl gacma measurements at 1 m were in the rznge 11 to 16 uR/hr

Measurements of Beta-Gamma Dose Rates at 1 cm and External
Gamma Radiation Levels at 1 m Above Surfaces QOutdoors

Mezsurements of beta-gamma dose Tates at 1 cm abbve the grid points
outdoocrs are presented in Fig. 17. The survey blocks showing betz-gammea
dose rztes greater than 0.20 mrad/hr at some point are shown in Fig. 18,
aleng with the meximum observed dose rate for each of these blocks. Beta-
gamma dose rates ranged from 0.20 mrad/hr to 5.0 mrad/hr over an estimated
30% of the surface area outdoors on the property. Based on measurements
at grid pcints, the average beta-gamma dose rate outdoors on the site at
1 cm above the ground was approximately 0.25 mrad/hr.

External gamma measurements at 1 & above grid points outdoors on
the site are given in Fig. 18. lA radiation intensity profile for the
outdoor area on the site is shown in Fig. 20. This profile reflects
enly average external gamma radiation levels at 1 m for the areas in-
dicated and should not be interpreted as showing point-by-point radiaticn
levels.

External gamma radiation levels at 1 m outdoors were as high as
500 uR/hr and exceeded 50 uR/hr over most of the property. The average
external gamma radiation level at 1 m on the entire property, based on

21l grid-point measurements, was approximately 110 UR/hr.




Results of Soil Sample Analvses
Surfzce and subsurface samples taken from the floor of Building 1

226

(see Tables 3 and 4 and Figs. 15 and 16) contained up to 530 pCi Ra/g,

-

up to 860 pCi 38U/g, anc up to 700 pCi ‘Ac/g‘ t appears from the
corings that the contaminated soil in Building 1 extends to z depth of
a7 least 18 in. in some places; however, the radionuclide concentrations
below 6 in. at most points appear to be significantly lower than those
from 0 to 6 in. Hole Cl3, which was drilled at a point near the wall
where the dirt floor was higher than the nearby area, showed nearly

C = 226 . . - ., 226
uniforn Ra contamination (from 140 to 240 pCi/

Ra/g) from 0 to 18

in., and there was zn interface between contaminated soil and relatively

clean soil at zpproximately 18 in. It is estimated from the results

in Tables 3 and 4 that the top 6 in. of soil on the floor in Building 1
22¢ . . . 5 . - .

has an average Ra concentration ¢i zpproximately 200 pCi/g and that the

P . fe 226
soil from ¢ in. to Z ft below the surface has an average Ra concen-

tration of 50 pCi/g or less.

Samples were taken at depths of 0 to 2 £t from two core holes in

o

Building 2, and three surface samples were taken in this building (see

Tzbles 2 and 4, and Figs. 15 and 16). LlLocation S37 (indicated in

Fig. 15) showed higher beta-gammz contaminaticn levels than the rest of

. 22
the floor, and a surface sample taken there showed 80 pCi &

23 . e . 227 . . -
pCi 08U/g, and 47 pCi ‘Ac/g. It is estimated from surface and core

Ra/g, 84

hole samples that the top 6 in. of soil in Building 2 contains an average

22 . . . . . .
"éRa concentration ¢f approximately 30 pCi/g. Little contamination

was found below 6 in. in the two core noles (see Table 4). A sample
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o ¢irt and scale taken from 2 ledge near the ceiling in Building 2

f i ee . - . 238 - . 227 - X
cnzained 350 pCi rRa/g, 566 pCi U/g, 390 oCi Ac/g, and 7 pCi

O

~
(92}

2
Th/g.

A surface soil sample taken from the open dirt on the floor in the

22
(S38) showed 82 pCi -~ Ra/g, 3.1 pCi

(93]

northwest corner of Building

258, - . 227 s s ;

/g, and 120 pCi Ac/g. A sample of dirt and scale taken from =
: - e . . . 226

ledge in this building showed 80 pCi Ra/g.

Soil sample analyses for outdooer surface samples are reported in

Tzbie I; locations are shown inm Fig. 15. Unsurprisingly, the concen-

. 22¢ . -
tTation oI Rz in surface samples follows the same general pattern as

+hzt for externzl gamma radiaztion shown in Fig. 20. The sampling locations
ST through S34 (among others) werTe chosen independently of radiation
levels, and average conditions at these 28 locations should be representative

of zverage conditions for the entiTe site. Radium-226 concentrations in

. . . 226
surface samples from these points averaged zpproximately 140 pCi “““Ra.

(The average external gamma level at 1 m at the same grid points was 125

LR/nr, as compared with an average of 110 yR/hr feor all outdoor grid

2 23
points on the site.) Concentrations of 2'6Ra up to 2700 pCi/g, “°8U up

5
to 210,000 pCi/g, and '27Ac up to 1300 pCi/g were found in outdoor

23 23
surface samples. The sample containing 210,000 pCi “°8U/g (60% ’°8U by

«

weight) was composed of several pieces of yellow material found at

loca~ion S49 shown in Fig. 15. It Iis interesting to note that dir:

scraped from the boots of a surveyor who had walked in the arez shown in
226

Fig. 2 (including inside the buildings) showed 120 pCi Ra/g, which is

close to the estimated average for topscil on the site. This sample
-

paA
2lso showed 110 pCi ~“"Ac/g (see Table 3, sample S48).




Holes were cored to 2 depth of 2 £t or less at the outdoor locations
shown in Fig. 16. Anzlyses of samples taken from these core holes are
reported in Teble 4., As in Buildings 1 and 2, the contaminated soil
outdoors appears to be near the surface in most places, although con-

ta=izatior extends to z depth of at least 2 ft at some points. In

.. . . - . . . 226 238
particular, at location C5 (Fig. 16), the concentratlons of Re, U,
and "7 'Ac at & cepth of 18 to 24 in. were 48 pCi/g, 130 pCi/g, and 37

pCi/g, respectively. Core hole C3 was located in an area which has been
cuitiveted in recent vears, and any contaminated materials which may
have been on the surface are probably now distributed in the top foot or
two of soil.

A bzrrel was found in the southwest ccrner of the property between
grid points F18 and Gl9. A sample taken from the barrel and two surface

. . X . 230 228 232 231
sazples taken omn the site were anzlyzed for 7 Th, Th, P

Th, a,
227 . 2268 . . . . .
Ac, and Rz by the Analytical Chemistry Division of ORNL, using

radiochexmical technigues. Results for these samples are reported in

Table 5. The most abundant radionuclide found in the barrel sample was

2°0Th; +he concentration of this radionuclide was 90,000 pCi/g. The

surface samples tzken at locations S45 and S47 (Fig. 15) also showed

high concentzrations (18,000 and 36,000 pCi/g, respectively) of 2"OTh.

Results of Water and Sediment Analyses
Results of anzlvses of water and sediment samples taken from 2
drzinage path on the site and from Coldwater Creek near the site are
2 226 230

. . 210 .
reported in Table 6. The concentrations of Pb, Ra, and Th in

the water szmples were well below the maximum permissible concentration




I
[N

cuides listed in 10 CFR 20, Appendix B, and in ERDA Manual Chapter 0324,

-
Annex A. However, the presence of elevated ccncentrations of 210

230 , 226 . . o - X
Th, and/or Ra in sediment filtered Z-om the two water samples

Pb,

taken from drainage a2t the boundary of the property indicates that scme

contamination is being transported from the property in water run-off.

E4

Rzdon ané Radon Daughter Measurements in Buildings 1, 2, 3, and 4

piedni

There ave three radon isctopes produced in nature: ~~“Rn (radon),

220 o 21¢ p . —— , 238 . 226
Rn {(thoron), and Rn {actinon). Radon-22Z 1s in the U (and Rz)

L. 220 . 232 . 218 . . 23 . 227

chain, Rn is in the “Th chain, and Rn is in the U (anc Ac)

chain. On sites where uranium-bearing materials have been processed or

. 220 219 . s ey
stored, the concentrations of Rn and Rn in air in buildings are

227
ad s

usually negligible compared with concentrations of

2 3
2‘ZRn and Zz“Rn daughters are

. s . i en - 220 21e
invalid, if significant concentrations of Rn and Rn are present.

Rn, and mest methods

used for measuring concentrations of

At the Latty Avenue site, not only are all three isotopes present, but
219

-

the Rn isotope appears to be dominant in Building 1 and possibly in

Buildings Z and 3. The mean life of 219Rn is short (5.76 sec) compared

222 - = - 219 . 5 .
to Rn (5.3 days). Therefore Rn which reaches the atmosphere in
an air-over-contaminated ground gemoetry probably originates in the top

222

millimeter of soll wherezs Rn in the air can originate f£rom the

pmaximm depth of contamination (in this case zpproximately 450 mm).

222
Hence many more atoms of “““Rn will escape from the soil than atoms

21 . . - 222 . . -
2 9Rn, and consequently, the concentration oI Rn in zir mezy be 2

. - 218
or 3 orders of magnitude higher than that cof Rn. On the other hand,

2198

of

: . 222
Rn is 8.4 x 10" greater than that for ~""Rn

- \ . : 21s
znd probably accounts for the observed dominance of Rn daughters.

the specific activity of
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Air samples were taken in all four buildings on this site. Filters

§

sed for collecting particulates were countec in an alpha counter and
rulses were sorted and stored in one half of a 1024 channel pulse height
znzlvzer (see Appendix II). The data corresponding 10 observed Radium A
znd Radium C' activity are evaluated using a technique refined by Kerr.é
Generally, results are given for the concentrations of RaA, RaB, RaC,
zncd working levels (WL); however, the presence of daughters of thoren or
zc=incn creztes interference and will yield errcnenous estimates oI
these concentrations.

A typical radon daughter alpha spectrum is presented in Fig. 21.
This spectrum was obtained by counting a sample taken from 2 radon source
chamber used for instrument calibration. Radium A (6.05 MeV a) is seen
+o reside between channels 280 and 305. Likewise, the 7.65 MeV alpha
for RaC' is found betweeen channels 375 and 395. In contrast to
this spectrum is the onme presented in Fig. 22, for a sample taken in
uilding 1. In this case it is geen that virtually all of the activity
is due to Actinium C, which has a 6.28 MeV alpha residing between channels

293 and 312, and a 6.62 MeV alpha residing between channels 313 and 333.

n

imilar spectrz were observed in 3uildings 2, 3, and 4 as seen in Figs.
23 through 25.

In Buildings 2 and 3, most of the activity may be attributed to
zctinium daughters. In Building 4, however, the predominate activity is
cue to radon daughters. During the period September 20 through 22,

z total of 10 air samples were collected in Building 4 in crder to
evaluate the concentration of radon daughters. The maximum observed

-zdon daughter concentration was (.005 working levels and the average

soncentration was 0.003 pCi/liter. It appears from cata in Figs. 22




-

thrcough I3 that the concentration of thoron daughters is insignificant

r

cozmparec to daughters of raden and actinon. This is consistent with the

279
- . N - L . . .
fact that the cuantity of Th on the site is small compared with that
226 . 227
cf Rz and Ac
— 211, . cq g . .
The concentration of Bi in Building 1 was estimated Zrom alpha

specirometry to be as high as 10 pCi/liter. The fraction of equilibrium
between 2i znd “““Rn in the air sample showing this concentration is
neT KNown.

Mezsurenments of Rn concentrations in air in the buildings arTe
reported in Teble 7. These measurements were made with Wrenn chambers,
which are covered with foam-rTubber screens to filter radon daughters in

zir. The rTadon diffusion rate inte the chamber is ¢of the order of 30

~
=
o)

£in, which is long enough to remove the short-lived Rn almest completely;
219

the caughters of Rn would be left in the foam rubber. Alsc, the

e . 220 X . s
contribution of Rn to the Wrenn chamber measurements should be small,
since there wers only small quantities of this isotope present, and much

of that present would be eliminated by decay in the Ioam-rubber cover.
cL . 222
Consequently, it is thought that the accuracy of the Rn measurements

given in Table 7 was not decTreased substantially by the presence of

220 218

Rn and Rn in the buildings.

299
Maximm measured concentrations of ~“TRn in air in Buildings 1, 2,
3, and 4 were 57 pCi/liter, 7 pCi/liter, 1 pCi/liter, and 5.8 pCi/liter,

respectively. Buildings 1, 2, and 3 are open, and it is expected that

222 . . ; . L
‘Z“Rn concentrations in these structures would be substantially higher
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. . 222 ; :
cilngs were closed. Maximum Rn concentrations in Buildings

1, 2, and 4 exceeded the meximum rermissible concentration for nonoccura-

tional exposure, 3.0 pCi/liter, stated in 10 CFR 20. Furthermore, since

-~
B
-

IS
elevated "Rz concentrations were found in samples taken from ledges

: . . oy s B o U X L 222
anc open dirt in Building 3, it is no}\pnllkely that the Rn concen-

tTatlon in that structure would exceed 3.0 pCi/liter if the building

m

were closed.

SUMMARY

Strictest NRC guidelines for the release of proper:ty for unrestricted

> 23 297
2-6Ra 230 227

use zpply to surfaces contaminated with s Th, and Ac, among

other nuclides. All three radionuclides were found to be in abundance

on this site. It is estimated from scil analyses that the top 3 in. of

226

soil outdoors on the property has an average Ra concentration of

~ -

. . N o ~ 42/‘ .
epproximately 140 pCi/g, and the activity of AC In many samples was

2
2'6Ra.

as high or higher than the activity of Two surface samples taken

~ -

. . 230 . .
outdoors on the property showed Th concentrations of 18,000 pCi/g and
36,000 pCi/g, and 2 sample of material taken £rom & barrel found on the

property showed a ZJOTh concentration of 90,000 pCi/g. OCne outdoor

. 238, . .
surface sample was approximately 60% >y by weight; this and other

. o s - 238 .
samples taken from the site contained quantities of U exceeding the

. . o - . 5 .
level (0.05% by weight) reguiring a source material license. It appears

that mest of the radiocactive wastes outdoors and in Buildings 1 and 2

lie in the top 1 ft or less of soil, although some sampling points showed

contzzination at 18 in. or deeper.




The 120-ft x 100-£ft building which hac been used for drying of
resicdues (Building 1) showed far higher contamination levels than the
other three bulldings on the site. This building has a dirt floor, and
it is estimated that the top 6 in. of this dirt contains an average of

22
200 pCi """Ra/g. Beta-garma dose rates at 1 cm from surfaces in Building

1 exceed the NRC guideline of 0.20 mrad/hr over a large fracticn of the

surfaces of this building, and direct alpha measurements generally far

X - 2 . -
exceed the meximum NRC guidelines of 300 dpm/100 cm” for surfaces contam-
. . 226 250 . . e .
inzted with Ra or Th. Furthermore, at many points in Building 1,

transferzble alpha contamination levels exceed the NRC guideline limit
oo 226 230 - 2 PO :
(for Ra or Th) of 20 dpm/100 em”™, and trznsferable beta contam-
. . s 227 . 2
ination levels exceed the limit (for Ac) of 20 dpm/100 em”~. Also, at

some points in each of the other three buildings on the site, NRC guide-

lines for alpha and/or beta-gamma contamination are exceeded. In Building

-
&

. e
2, 2 sample of dirt taken from the floor showed 80 pCi '6Ra/g, and a

ample of dirt and scale taken from an overhead beam showed 350 pCi
2

“6Ra/g and 566 pCi 2'DBU/g. It is estimated that the top 6 in. of floor

- . v as 226 . . - .
€irt in Building 2 has a Ra concentration of approximately 30 pCi/g.
Building 3, formerly used as a garage, showed highest contamination
levels in some open dirt in the northwest corner of the floor; a sample

226

of this dirt showed a Ra concentration of(???pCi/g. Direct alpha

readings in Building 3 exceed the NRC maximum guideline of 300 dpm/100
~

cm” 2t many points on the floor and lower walls. Direct alpha readings

on the floor cf Building 4 also exceed 300 dpm/100 cm2 at some points;




(9]
-1

i1t appears that the contaminaticn in this building is due, at leas: in
part, to cirt which has been brought in from outdoors on shoes.

Beta-gamma dose rates at 1 cx from the ground outdoors exceed the
NRC guideline of 0.20 mrad/hr over an estimated 30% of the property.
External gamme radiztion levels at 1 m above the surface outdoors on
the propecty averaged 110 uR/hr. Based on an exposure time of 2500 hx
per vear for an individual, the integrated exposure would be 275 mrem.
This is in excess of the EPA recommended limit for an individual (25
mrem), but is approximztely one half the limit recommended in 10 CFR 20
(500 mrem).

. 222 . .. - e

Concentrations of Rn exceeding the limit of 3.0 pCi/liter stated
in 10 CFR 20 were measured in Buildings 1, 2, and 4, even though Buildings
1 and 2 were open. This is not surprising in view of the large gquantities

- 226 o e . s : .

of Ra present in the soil inside and near the buildings. Since there

are probably several air exchanges per hour in Buildings 1, 2, and 3,

222 222
-l N . . ‘g s . P -l
Rn daughters attain only a2 small fraction of equilibrium with Rn;
222 X . . 222
conseguently Rn daughter ceoncentrations are much lower than Rn

concentrations. However, if reconstructicn of the buildings is completed
with the residues left in place, it is likely that somewhat higher con-

. 222 . . . 222 -
centrations of Rn and much higher concentrations of Rn daughters
than those now present will develop in Buildings 1 and 2 (and possibly
in 3). Although it is difficult to predict the potential radon daughter

concentrations in the (completed) buildings from the survey results, it

should be peinted cut that in & similar situation at the former Vitro




oiele]
o

Rare Metals Plant in Canonsburg, Pennsylvania, “Rn concentrations

. . 222 s . .
exceeding 100 pCi/liter and Rn daughter concentrations far exceeding
”
the Surgeon General's guideline of 0.03 WL (see Appendix IV) were measured

L . 4 ss e . . 6
in industrial buildings built over or near radium-bearing wastes.

n==
~ . . . - . . oo, “ .
The presence of large quantities of radionuclides in the “°°U chain
odeded

{in particular, """Ac) has given rise to an unusual phenemenon--the oc-

219

currence of measurable quantities of airborme Rn and daughters. 1In

- . : - 219 . . .
Tact, it appears that the concentration of Rn daughters is higher

N
~)

"
than that of “““Rn daughters at some points on the site, arly in

riicu

'

a
Building 1. Little is known about the health hazards of 1 Rn and its

rJ
o

daughters, or of the actinides that produce them. The limits s+tated in
ERDA 0524 Annex A for protoactinium-231 and actinium-227 are comparable

to those for the better known actinide, plutonium-239 (see Table 8).

I 218 ; ; : ;
The principal dose from Rn and daughters is to the lung, due to the

shert half-lives of the isotopes involved. Considering the half-lives
C . c . . - 218 . 222 - R

and alpha energies of the daughters of Rn and Rn, it appears that

X ; - 21¢e . .

the dose to the lung from Rn daughters might be comparable to that

222 \ . . 5 . .
from Rn daughters; however, quantitative datz on the relative hazard

of these two radons is not presently available.
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Fig. 1. Scaled drawing of the site and grid used for outdoor survey.
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.able 1. Direct measurements of o and 2-y contaminati
i ildin

55

cn upper walls and ceiling

3eilding Number of Direct o measurements 8-y dose rates
mezsuTrements Average Maximum Average Maximum
(dpm/100em?) (dpm/100cm?) (mrad/hT) (mrad/hr)
: 67 900 53500 0.24 0.60
z 36 280 1100 0.16 .20
3 16 50 360 0.07 0.10

£~

10 <50 100 0.03 0.05
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Tzble 2. Transferable o and 2 contaminztion
levels in Buildings 1, 2, 3, and 4

Transferable ¢ Transferable £
Area Number of contamination contamination
Smears Average Maximum Averzge Maximum

(dpm/100cm?) (dpm/100cm?) (dpm/100cm?) (dpm/100cm?)

(92}

(97}

halls, up to
feet from

Ceiling and
walls above

& feet 67 55 380 13 200
walls, up to
6 feet from
floor 26 50 140 20 110
Ceiling and
walls above
5 feet 36 30 210 10 70
Floor 25 95 180 30 130
nalls, up to
¢ feet from
Sloor 40 30 100 20 100
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Table 3. Analyses of surface soil samples
- - -

) 226Ra 238U 227 ¢ ZJZTh
Location” (pCi/g) (pCi/g) (pCi/g) (pCi/g)
Si 6.2 7.2 5.8 N.D.
S2 230 310 320 N.D.
S3 35 52 N.D. N.D.
S4 700 1000 640 N.D.
g3 14 2l 7.1 2.1
Sé 14 4.6 8.2 1.8
ST 69 100 78 N.D.
S8 88 25 37 N.D.
S8 3.3 5.5 1.0 1.3
Sie 1.6 N.D. N.D. N.D.
Sii 5.6 N.D. N.D. N.D.
Si: 350 61 130 7.7
Si3 830 810 1200 N.D.
14 6.3 7.8 N.D. N.D.
Sis N.D. N.D. N.D. N.D.
Si6 1.4 0.7 N.D. 1.2
S17 3.1 5.4 N.D. N.D.
S1i8 g9 N.D. N.D. N.D.
S18 14 7.4 7.0 1.5
S20 250 26 N.D. N.D.
g2z 20 "N.D. 21 1.6
s2:2 160 N.D. N.D. N.D.
S25 160 240 93 N.D.
S2: 220 426 180 N.D.
Sa:s 310 N.D. 200 N.D.
S2¢ 370 N.D. N.D. N.D.
s27 4.3 2.3 N.D. N.D.
S28 130 N.D. N.D. N.D.
s2¢@ 54 647 35 N.D.
S30 150 N.D. 104 N.D.
S31 170 N.D. N.D. N.D.
832 2.2 4.2 1.0 1.2
S33 8.9 N.D. N.D. N.D.
§34 250 330 N.D. N.D.
S35 1300 N.D. N.D. N.D.
336 2.4 N.D. N.D. N.D.
S37 80 84 47 N.D.
S38 82 3.1 120 N.D.
S39 430 . 860 550 N.D.
S40 320 550 370 N.D.
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Table 3. (cont'd.) Analyses of surface soil samples

- 226 258, 227, 2520
Location” (pCi/g) (pCi/g) (pCi/g) (pCi/g)
S<1a_ 320 N.D 370 5.2
S41B 240 N.D 240 8.6
s42 190 420 230 N.D.
g23 16 N.D. 10 0.44
Saz 28 N.D. 16 0.6
323 2700 N.D. 1300 N.D.
S8 3.0 N.D. 1.3 1.3
sat, 470 530 390 N.D.
S48° 120 N. 110 4.5
$49 N.D. 210,000 N.D. N.D.
$30 540 N.D 700 N.D.

“Shown in Fig. 13.
b . . .
N.D. = concentration not determined.
“Szmple taken at depth of € to 9 in.

Ca~ Py ~ o N . .
Semrle tzken from bocts of survever who had walked in arez shown

in Fig. 2.
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Table 4. (cont'd.) Anzlyses of subsurface soil samples

) < 2 ek
. Depth 426Ra 238U 2_/7Ac 4.:2Th
Location (in.) (pCi/g) (pCi/g) (pCi/g) (pCi/g)
Cl:z 0-6 72 6.4 85 N.D.
6-12 3.0 2.6 N.D. 0.95
12-18 1.6 23 N.D. 1.3
18-24 16 42 20 1.4
i3 0-6 140 220 65 4.3
6-12 240 220 220 N.D.
22-1 200 3.0 210 2.3
18-24 5.0 190 N.D N.D.
Clz G-6 46 75 25 N.D.
6-12 4.2 4.1 N.D. 1.2
12-18 3.0 1.9 N.D. N.D.
18-24 1.8 2.0 N.D. 1.4
Cis 0-6 34 38 240 2.0
6-12 2.7 1.4 N.D. 1.1
12-18 1.3 2.4 N.D. 1.2
18-24 1.7 10 N.D. N.D.

M

hown in Fig. 16.

o

S
N.D. = concentration not determined.
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atle 5. Radiochemical analyses of selected samples

OTh 228TH ZSZTh 231 227 226

3
zien (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCi/g]

L3 3¢,000 N.F. N.F. 800 SQ0 present

gL- 18,000 N.F. N.F 200 <1800 present
Tlg. 15
Froz barrel 90,000 9,000 8,000 <90 <80 8,000
foumcd tetween
ZTiZ oeints
FLS and GIS

“The zctivities listed here represent only the activities available by
20T HCIl leaching (normelly between 50 and 100%).

b:o: Tound.




210 220

Table 6. Concentrations of b, Ra, and 230Th in water and sediment samples
Water oo ... Sediment
Zlﬂpb 226Ra 230Th ZIOPh 22()Ra ZSOTh
Sample Location (pCi/ml) (pCi/ml) (pCi/ml) (pCi/g) (pCi/p) (pCi/g)
Outfall of property
0.007 + 0.001 0.002 + 0.001 0.002 + 0.001 55.9 ¢+ 8.1 4.19 + 1.35 91.9 1 6.3

at Coldwater Creek

Coldwater Creek, ~2 miles

0.0005 4 0.0005 —----o——- 0.063 + 0.153

! 4 .- <0.001 <0.001 0.252 + 0.248
(lOWllStrCﬂl“ fr()m site
‘t > v [ 2C
ivzzﬁescwcr at lLatty 0.007 £ 0.003 0.001 * 0.0005 <0.001 18.0 + 5.0 <0.014 4.96 1 0.90
Av o N .
[ 3
RCCW (soluble) 0.1 0.03 2.0 - - ~




y

Tablo 7. Radon concontration: in airv in Baitdiogs 1, 2, 3, and 4
Max imum Averape
n Number of , concentratjon concentration
Building Location readings (pti/titer) (pCi/liter)

1 Near grid

point b4 47 37.0 16.5
1 Near grid

f point B3 34 57.0 19.1
|

1 Near grid

point I3 35 25.0 20.3
1 Near grid

point. L2 45 9.3 5.8
2 Between grid

points B2 and

B3 10 7.0 2.7
3 Center of 40 1.0 0.5

building
4 Office, SE corner

of building 88 5.8 1.9
4 Office, ecast side

of building 88 3.7 1.5

fMRefers to grid locations shown in Fig. 3 for Building 1, Fig. 7 for Building 2, and Fig. 11 for Building 3.

b . . .
Radon was measurcd continuously over periods of approxmately 24 hr; however, concentrations were recorded at
intervals of 2000 sec. Because some radon and progeny from previous 2000 scc intervals remain in the Wrenn

chamber, each reading actually represents a concentration which has been integrated over a period of 2 to 4 hr.
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Teble §. Concentration guides listed in EZRDA 0524
Annex A fcr uncontrolled areas

Alr Water

Nuclide Compound wCi/ml wCi/ml

-4 -
Ac 227 s 8 x 10733 2 x 1077
Ac 227 I ° x 10 3 x 10

-14 -8
Pu 239 s 6 x 10732 5 x 1078
Py 2:¢ I 1 x10°° 3 x 10

<12 -
Ra 226 5 5% 10702 3 x 1078
Ra 226 1 2 x 1077 3x 10
P2 231 s 4 x 1073 s x 107,
Pa 231 T 4 x 10 2 x 1077

-11 . -7
Ra 223 S 6 x 12 /X -6
Ra 223 I 8§ x 1077 ¢ x

-14 -
Th 230 s 8 x 1073 2 x 1075
Th 230 I 3x 107" 3 x 1
#soluble.

b .-
Insoiuble.
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METZRS AND SMEAR COUNTERS
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RADIATION SURVEY METERS

Alpha Survey Meters

)
(]
o
J
®
o
h

alpha survey meter used at this site to measure alphz

radicactivity on surfaces uses a InS scintillator to detect the alpha
“ne alpna scintillation survey meter consists of 2 large area

(50 c2”)} InS detector with a photomultiplier tube in the probe which

is coupled to 2 portable scaler/ratemeter (see Fig. I-A). The InS

detector is covered with 2 5-mil aluminiced mylar sheet in order <o make

the instrument light-tight. A metal grid is used to avoid puncturing

the mylar when surveying rough surfaces. This instrument is capable of

-

measuring alpha surface contamination levels of z few dpm/100 ca”

tut must be used in the scaler mode for this purpese. It is highly

selective for densely ionizing raddiation such as alpha particles; the

instruzent is relatively insensitive to betz and gammz radiatioen.

Beta-Gamma Survey Meter

A portable Geiger-Muller (G-M) survey meter is the primary instru-

ment for measuring beta-gammz radiocactivity. The G-M tube is a halogen-
. . - p .
cuenched stainless steel tube having z 30 mg/cm”™ wall thickness and
. . . 2 .

presenting a cross-sectional area of approximately 10 cm™. Since the
G-M tube is sensitive to both beta and gammz radiztion, measurements
zre taken in both an open-window and 2 closed-window configuration. Beta

radization cannot penetrate the closed window, and, thus, the beta




reazding cazn be determined by taking the difference between the open-

f.

an

Q

(13

closed-window readings. This meter i1s shown in Fig. I-B.

——

The G-M survey meters were calibrated by comparison with & pre-

calibrated Victoreen Model 440 ionization chamber (Fig. I-C). The open-

window czlibration factor was found to be 2000 cpm per mR/hr for suzfaces
s sy 226, . cy s ... 238 -

contaminated wit Rz in equilibrium with U and 2300 cpm per mR/hr

for surfaces contaminated with initially pure uranium. The lower

figure was routinely arplied. The closed-window (gamma) calibrztion

o - ' - 4 226 -

factor, determined by use of a NBS standard Ra source, was 3200 ¢pm

per =R/h=.

Camma Sciﬁtillazion Survey Meter
A portable survey meter ﬁsing a2 Nal scintillation probe is used to
mezsure low-level gamma radiaticn exposure. The scintillation probe is
2 3.2 x 3.8-cxm Nal crystal coupled tec a photomultiplier tube. is
Frobe is connected to 2 Victoreen Model Thyac III ratemeter (see Fig. I-D).
This unit is capable of measuring radiation levels frcm a2 few uR/hr
to several hundred wR/hr. This instrument is calibrated at ORNL with an

226

NBS standaxd Ra source. Typiczl calibrztion facters are of the order

of 300 cpm/wR per hr.
SMEAR COUNTERS

Alpha Smear Counter
This detector assembly, used £for the assay of alphaz enitters on
smear paper samples, consists of a2 light-tight sample holder, 2 zinc
sulfide phosphor and a photomultiplier tube. This detsctor assembly was

used with electronic components housed in a portatle NIM bin (see Fig.
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I-Z). The electronics package consisted of a preamplifier, a ORTEC 436

3 P

nigh voltage power supply, a Tennelec TC 211 linea= amplifier and a
Tennelec TC 545 counter-timer.

The zlpha smear counter was used in the field and was calibrated

daily using an alpha source with a known disintegration racze.

Beta Smear Counter

The beta smear counter consisted of 2 thin mica window (~ 2 mg/cmz}
G-M tube mounted on a sample holder and housed in a 23-cm ciam x 35-cm
high lead shield. Located under the counter window is a slotted sanmple
holder, accessible through a hinged door on the shield. An absorber can
be interpcsed in the slot between the sample and the counter window to
determine relative beta and gamma contributions to the observed sample
counting rate. The electronics for this counter were housed in a portable
NIM bin and consisted of a Tennglec TC 148 preamplifier, an ORTEC 456
high voltage power supply and 2 Tennelec TC 545 counter-<timer.

This unit, shown in Fig. I-E, was used in the field to measure betz
activity on smear papers and was calibrated daily using a beta standard
cf known activity. Since the beta smear counter usually shows a relatively
high background (typically 12 to 20 cpm) and has a relatively low ef-
ficiency (v 6%), accurate measurement of very low-level beta contamination
cn a2 single smear would require a count of several minutes. BRecause of the
large number of smear samples to be counted on each site, each sample
is counted Zor one minute, and accuracy is improved for low-level counts
by averaging results for several smears. For example, if 25 smear samples
show an average transferable beta contamination level of 30 cpm/100 cmz,
there i1s 2 probability of approximately 68% that the actual average

2
contamination level is at least 20 dpm/100 cm™.
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APPENDIX II

TECENIQUES FOR THE MEASUREMENT OF RADON AND

RADON DAUGHTER CONCENTRATIONS IN AIR
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“

22
TECHANIQUE FOR THE MEASUREMENT OF “““Rn PROGENY CONCENTRATIONS IN AIR

An alpna spectrometry technique has been developed for the measure-
2

(A

nent of Rn progeny concentrations in air. From cne integral count of
218 . e C . : - 214 .
the Po alpha activity and twe integral counts of <he Po alpha
. . 218 214, . 214 ‘
activity, the concentration in zir of Pc, Bi, and Pb may be

calculated.
ebrds)

Particulate ~““Rn daughters zttached o zirbcrne dust zre collected
on 2 membrane filter with a pore si:e of 0.4 microns. A sampling time
of 5 min and a2 flow rate of 12 LPM are used. This filter samrle is then
placed under z silicon surface barrier detector and counted. The detec<or
and counting system used for radon daughter meazsurements are Shown in
Fig. II-A. Usually, counting of this kind is performed with 2 vacuum
between the sample and the detector which requires z complicated sample
holder and time-consuming sample changing methods. Experiments at this
laboratory have shown that ease in sample handling is obtained withA
.little loss in resolution when helium is used as a chamber £ill gas. In
this counter, helium is flowed between the diode and the filter sample,
which are separated by a distance of 0.5 cm. One integral count of the

218?0 alpha activity is obtained from 2 to 12 min, and two integral

1

N

4 .. . . - -
counts of the Po activity are obtained from 2 to 12 min and 15 to 30
min, respectively. All counting intervals are referenced to t = 0 at

the end of sampling.

. . 222 .
The equations describing the “““Rn progeny atoms collection rates
on the filter are cf the form
ani(t)
= C.v + A . t) - A.n. (% (1
dt - 1.1 Py (B 173 (1) N




where

-t
n; = number of the i"" species of atom cn the filter as a function of
tinme,
R . . .th . . =1
AE radioactive deczy constant cf the i® species (min 7),
. . .th . -1 i
Ci = concentration of the i~ species (atoms 1 7}, and

. . - . . -1
v = air sampling flow Tate (liters min 7).
~

The solution of Eg. (1) is of the form

-ax - a
v =e ¥g = S O Fx) e Xdx].

From the general form of the sclution, specific equations can de
cbtained describting the number of each Rn decazy product collected on
the filter as é function of time. Alsoc by letting v = 0 in Eg. (1), =
set of egquations describing the decay on the filter of each ““Rn pro-
geny can be obtained. The equations describing the decay of “=“Rn
progeny on the filter can be integrated and related to the integral

N

counts obtained experimentally. Values for the totzal activities of
218 214 . 214, . ; . C

Po, Pb, and Bi on the filter at the end of sampling are obtained
bv applying matrix techniques. The airborne concentrations are obtained
ov solving the equations describing the atom collection rates on the
filter. A computer program has been written to perform these. matrix
operations, to calculate the air concentrations of the radon progeny, and
<o estimate the accuracy of the calculated concen:ratiops.

The procedure described above was appliczble in Builcing 4 on the

Latty Avenue site but was not applicable in Buildings 1, Z, and 3 be-

220 219

- N o Ll PRAR . .
cause of the presence of zirborne Rn anc Rn in those structures.




~

The zlpha energies of some daughters ¢f these radicnuclides are nearly

lpha spectroscopy methods) from the alpha energies

- . . 222 . 211,. 219
cf some daughters of Rn. However, Bi, & cdaughter o

222 . 220 . .
Rn and Rn by taking twe 10-min

'
{
}
ct
'J
O:J
'.‘.
n
o
W
o
—
]
N
o
°<
m

[§8]

(&Y

Rn, was

[ 18]

distinguished £from daughters of

jo |
[0}
Hy

counts separated by an interval of 30 min. Also, the concentratic

Th-B and Th-C were estimated by counting immediaztely after sampling

)
&)
n.

TECZINIQUE FOR THE MEASUREMENT OF RADON CONCENTRATIONS IN THE AIR

. . A . 222 .
Wrenn Chambers were used for the measurement of Rn concentrations

-

in air. The Wrenn Chamber operates on the principie that RaA ions zre

-~

positively charged. Radon 1s allowed to diffuse through a foam-rubber-

covered, hemispherically shaped metal screen, wnich filters radon daughters.

-
As radon decays, after diffusing into the cavity, RaA ions are attracted

to & thin zluminized mylar £ilm which is stretched over a2 zinc sulfide

tion detector. The potentizl between this alumin

~ o
-

0.
Fl
<
'.__l
o
H

H

scintiil

m

film and the hemispherically shaped wire screen creates a strong electiTic
field which serves to attract the charged ions. The ions thus attracted
remain on the surface of the mylar film and continue their radiocactive
decay to other radon daughters. The principal radiztion detected by z
radon moniter of this type is the alpha particles from RaA and RaC'.

The Wrenn Chambers are calibrated tv using a known Tadon source.




APPENDIX III

DESCRIPTICN OF Ge(Li) DETECTOR AND

SOIL COUNTING PROCEDURES




DESCRIPTION COF Ge(Li) DETECTOR SYSTEN

=weive 30-cm” polvethylene bottles (standard contalneTs

-
g
(o]
i
Q.
(]
(5]
(33}
8]
3]

t4y

or licuid scintillztion samples) and a background shield have been
designed for use with a2 SO-cm3 Ge(Li) detector system 1in laboratory
counting of radiozctivity in environmental samples (see Figs. I1I-A,
III-B). During counting of the samples, the hoider is used <0 Tositicn
ten of the sample bottles around the cylindrical surlface of the detecter,
paraliel to and symmetTic about its axis, and Iwe additional bottles

2cross the end surface of the detector, perpendicular to and symme:Tic

&

: . - > . P
with its axis. With z 300-cz” sample and z graded shield developed for

o
L co s . . 232 226
use with the system, it is pessible to measure 1 pCi/g of Th or ™" Ra

22

-l

or less and Ac within an error of * 30%

o,

a0

with an error of = 10
Pulses zre sorted by a 4096-channel analyzer (see Fig. III-C},

stored on magnetic tape, and subsequently entered inte a computer progran

[
«

ich uses an iterative least sguares method to identify radionuclides

ccrresponding to those gamma-ray lines found in the sample. The program,

~

which is accessible through a remote terminal, relies on a library of
radicisotopes which contains approximately 700 isotopes and 2500 gamma-

ravs and which runs continuously on the IBM-360 system at ORNL. In

ps 226 . L. .
dentifying and quantifying Rz, six principal gamma-ray lines are

214.. . c -
anzlvzed. Most of these are from Bi and correspond to 295, 352, 609,

[ED

1120, 1765, and 2204 KeV. An estimate of the concentration of U is

[

obtazined from an analysis of the 93 KeV line from its daughter




e AN
SRS

s e
-~

St g Tl LN T ST
ESEETiEe

Rl o o

systom.

Holder for Ge(Li) detector

TTT-A.

Fig.

e e L
e N T e S
e T il A
e T e T L

l ,t..r‘.. ;..v\, -

— e g .

B P GRS T L - e e oy W =

e T e e - -

T P F T e s DI ST i N -

LTI e ST e : ~

S R e e T e
e e e T i e T T g =
AT T e e T e e e T e Y
R AT T LR R S e ER G S S e

e a e IR







2L

1) Vo

] ) T‘,Jm :umr

L

&"v.

fi
eaL

]
diil

it
i ; iy

LR

PPN

i

*

\

e

A




APPENDIX IV

PERTINENT RADIOLOGICAL REGULATIONS,

STANDARDS AND GUIDELINES
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GUIDELINES FOR DECONTAMINATION OF FACILITIES AND EQUIPMENT
PRIOR TC RELEASE FOR UNRESTRICTED USE
OR TERMINATION OF LICENSES FOR BYPRODUCT, SOURCE,

OR SPECIAL NUCLEAR MATERIAL

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

Material Safety

Washington, D.C. 203355

November 1976




Te instructzions in this guide in conjunction with Table IV-1 speciiy the
—~2diszetivizy a2nd radiation exposure rate limits which should be used

in azcomplishing the decontamination and survey of surfaces or premises
anc equipment pricr to abandonment oT Trelease IoT unTestricted use.

The limits in Table I do not auplv to premlses equipment, OT SCTED
containing incduced radiocactivity for which the radiological considera-

=ions pertinent to their use may be dl&:ere“.. The release of such

fzcilities or items from regulatory control will be considered on a2
case-by-case basis.

I The licensee shall make z reasonable effort to eliminate resicuzl
contzmination.

2. Radiocaztivity con eguipment or surfaces shall not be coversd by
paint, plating, or other covering material unless centamination
levels, as determined by a survey and documented, are below the
lirits specified in Table I prior to applying the coveriﬁg A
~easonable effort must be made to minimize the contaminaztion
prior to use of any covering.

(9}

The radioactivity on the interior surfaces of pipes, drain lines,

or ductwork shall be determined by making measurements at all &raps,
and other zppropriate access pOlnt provided that contamination

at these locations is 1li kely to be ren*esen.atlve of contaminaticn

on the interior of the pipes, drain lines, or ductwork. Surfaces

of premises, equipment, or scrap which are likely to be contzzimated
but are of such size, construction, or locztion as to make the

surface inaccessible for U;raoses 0of measurement shall be u*esuned

o be contaminated in excess of the limits.

Upon request, the Comzission may authorize a licensee T2 *eliﬁCLiSH'
possecs*cn or control of premises, equipment, or scrap having surliaces
contaminated with materizls in excess of the llmlts suecz::ed This
may include, but would not be limited to, special circumstances such
as Tazing of buildings, transfer cr premises to another organization
continuing work with radicactive materials, or conversion of facilities
to a long-term storage oT standby status. Such request must:

i~

a. Provide detziled, specific information describing the
premises, equipment or scrap, radicactive contaminants,
znd the nature, extent, and degree of residual surface
contamination.

b. Provide z detailed heal:th and safety analysis which reflects
+hat the residual amounts of materials on surface areas,
together with other considerations such as prospective use
of the premises, ecuipment Or scrap, are unlikely <o
result in an unreascnable risk to the health and safety

f the public.




feZe]

5. Prior to Telease of premises for unrestricted use, the licensee
shall make 2 comprehensive radiztion su—vey which estzblishes that
contamination is within the limits sneﬂified in Table I. A copy
of the survey Tepert shall be £iled with the Division of Fuel Cycle
and Mzterial Safety, USKNRC, Washlngtgn, D.C. 20355, and z2lso the
Director of the Regional Office of the Office of Inspection and
Enforcement, USNRC, having Jurl sdiction. The report snould be
£iled at least 30 days pricr to the plamned date of abandonment.
The survey report shall:

a. Identify the premises.
b. Show tha: Teasonable effort has been made tO eliminate

residual contamination.

c. Describe the scope of the survey and generzl procedurses
followed.
d. State the findings of the survey in units specified in

the instruction.

Following Teview of the report, the NRC will conmsider visiting the .
facilities to confirm the survey.




TABLE

ACCEPTABLE SURFACE CONTAMINATION LEVELS

NUCLTDES"

averacr? © €

maximum® 4 f

REMOVABLE

bef

U-nat, U-235, U-238, and
associated decay products

Transuranics, Ra-226, Ra-228,
Th-230, Th-228, Pa-231,
Ac-227, 1-125, 1-129

Th-pat, Th-232, Sr-90
Ra-223, Ra-224, U-232, 1-126,
1-131, 1-133

Beta-gamma emitters (nuclides
with dccay modes other than
alpha emission or spontaneous
fission) except SR-90 and
other noted above,

5,000 dpm «/100 cm2

100 dpm/100 cm2

1,000 dpm/100 cm2

5,000 dpm By/100 cm2

15,000 dpm a/100 cm2

300 dpm/100 cm2

3,000 dpm/100 cm2

15,000 dpm By/100 cm’

1,000

20

200

1,000

dpm /100 sz

dpm/100 cm2
2
dpm/100 cm

dpm By/100 cm2

“Whevo surface contamination by both alpha- ond beta-gamma-emitting nuclides exists, the limits cstablished for alpha- and
beta-ganma-emitting nuclides should apply independently,

b . . C . . . . .
As 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 geometric factors

associated with the instrumentation,

C
Measurcments of average contaminant should not be averaged over more than 1 square meter.
area, tho average should be derived for oach such object.

For objects of less surface



11.,xult,
na-223,
TABLE IV-1 (cont'd.)

1 . " P -
“I'he maximum contamination lovel applies to an area of not more then 1UU cm .

o, 2 . .
I'he amount of removable radioactive material per 100 cm” of surface area should be determined by wiping that area with
dry filter or soft absorbent paper, applying moderate pressure, and assessing the amount of radioactive material on the
wipe with an appropriate instrument of known efficiency. When removable contamination on objects of less surface area

is determined, the pertinent levels should be reduced proportionally and the entire surface should be wiped.

f.. . ‘
The average and maximum radiation levels associated with surface contamination resulting from beta-gamma emitters should
not exceed 0.2 mrad/hr at 1 c¢m and 1.0 mrad/hr at 1 cm, respectively, measured through not more than 7 milligrams per

square centimeter of total absorber.



Proposed

ANSI N3528-167

Proposed American National Standard

Control of Radiocactive Surface Contaminzticn
on Materials, Equipment, and Facilities to be

Released for Uncontrolled Use

Secretariat

Health Physics Society
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use unless documented
nation levels to be
Iv-3. Table IV-3
be individually

Property shall not be released for uncontroll
o

e
nc greater than the values in Table IV-2 or Ta
is ezsier to apply when the contaminants canno
identified.) '

Where potentially contaminated surfaces are not zccessible for measure-
ment (as in some pipes, drains, and ductwork), such property shall not
be released pursuant to this standard, but mace the subject of case-by-
case evaluation. Credit shall not be taken for cocatings over contam-
ination.
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SURFACE CONTAMINATION LIMITS

o
—

2 P . .
The levels may be averaged over the 1 m provided the maximum actlivity

. - 2 . . X ..
in any area of 100 cm” is less than 3 times the limit value.

Limit (Activity)

dom/100 cm®

Nuclide
Total Removable

Group l: Nuclides.for which the nonoccupational

MPC_** is 2 x 10°*° Ci/m” or less cr forswhich the

nonoccupaticnal MPC *=~ is 2 x 10 Ci/m” or less;

includes Ac-227; Am-241; -242m, -243; Cf-249; -250,

-251, -252; Cm-243, -244, -245, -246, -247, -248; 100 20
1-125, -129; Np-237; Pa-231; Pb-210; Pu-238, -239

-240, -242, -244; Ra-226, -228; Th-228, -230.***~*

-

Group 2: Those nuclides not- in Group for which
g <1

the nonoccupational MPC_** is 1 x 10 Ci/mJ or
less o;efor which the nonoccupational MPC_*** is 1,000 200

1 x 10 ~ Ci/m” or less; includes Es-254; rm-256;
I-126, -131, -133; Po-210; Ra-223; Sr-90; Th-232;

U-232.7%%*

Group 3: Those nuclides not in Group 1 or
Group 2. 5,000 1000

*See note following Table 2 on application of limits.

**MPC_: Maximum Permissible Concentration in Air zpplicable to continuaus
expostre of members of the public as published by or derived from an
authoritative source such 2s NCRP, ICRP or NRC (10 CFR Part 20 Appendix
B Table 2, Columm 1.)

*»**MPC : Maximm Permissible Concentration in Water zpplicable to mem-
bers oz the public.

**=x*\alyes presented here are obtained from 10 CFR Part 20. The most
limiting of 2ll given MPC values (e.g. scluble vs. insoluble) are to be
used. In the event of the occurence of mixture of radicnuclides, the
fraction contributed by each constituent of its own limit shzll be de-
+ermined and the sum of the fractions must be less than 1.




TABLE IV-3

-3

ALTERNATE SURFACE CONTAMINATION LIMITS
(All alpha emitters, except U-nat and Th-nat are considered as 2 group)
. 2, . X . ‘s .
The levels mzy be averaged over 1 m * provided the maximum activiTy 1n
- 2 . R - .
any area cf 100 cm” is less than 3 times the limit value.

Limit (Aczivity)
-
dom/100 ca”

Nuclide
Total Removable

1 the contaminant cannot be identified; or

if alpha emitters other than U-nat and Th-nat 100 20
are present; or if the betz emitters comprise

Ac-227, Ra-226, Ra-228, I-125 and I-129.

£ it is known that all alpha emitters are
generated from U-nat and Th-nat; and beta
emitters are present which, while not 1,000 200
identified, do not include Ac-227, I-125,
I1-129, Ra-226 and Ra-228.

I1£ it is known that alpha emitters are

generated only from U-nat and Th-nat; and

+he beta emitters, while not identified, 5,000 1,000
do not include Ac-227, I-125, I-128, Sr-90,

Ra-223, Ra-228, I-126, I-131 and I-133.

*NOTE ON APPLICATION OF TABLES 1 AND 2 TO ISOLATED SPOTS OR ACTIVITY:
For purposes of averaging, any n° of surface shall be,considered to be
contaminated above the limit, L, applicable to 100 cm™ if:

2. From measurements of a representative number, n, of.sections, it is
determined that 1/n ISi > L, where 5i is the dpm/100 cm” determined from
measurement of section i; or

2 .. .. .
b. On surfaces less than 1 m , 1t 1s determined.,that 1/n §51 > AL,
. . . - - \ -
where A is the area of the surface in units oI m ; OT

c. It is determined that the activity of all isclated spots oT particles
in any area less than 100 cm exceeds 3L.
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PART 712 - GRAND JUNCTION
REMEDIAL ACTION CRITERIA

712. 1 Purpese

(2) The regulations in this part establish the criteria for deter-

mination by ERDA of the need for, priority cof and selection cf appropriate

~emedizl action to limit the exposure of individuals in the area of
Grznd Junction, Colo., teo radiation emanating from uranium mill tziling
which have been used as construction-related materizl.

The regulations in this part are issued pursuant o Publ. L.

(®)
92-314 (86 Stat. 222) of June 15, 1972.

<

713.2 Scope
The regulations in this part apply to all structures in the arez of

Grand Junction, Colc., under or adjacent to which uranium mill tazilings
hzve been used as a construction-related material between January 1, 1851,

ané June 16, 1972, inclusive.

712.3 Definitions

As used in this paTt:

"Administrator'" means the Administrator of Energy Research and

(a)
Development or his duly authorized Tepresentative.

"aArea of Grand Junction, Cole.," means Mesa County, Colo.

(b)
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ckground" means radiation arising from cosmic rays and

(13
ba

radicactive material other than uranium mill tailings.
"ERDA' means the U.S. Energy Research and Develcpment Administra-

)
tion or any duly authorized representative thereof.

"Construction-related material' means any material used in the

(e)
coenstruction of a structure.
(£) '"Externmal gamma radiation level' means the average gauma
radiztion exposure rate for the habitable area of a structure as measurecd

daughter concentration level' means that concen-

near flocr level.
(1) Averaging the results of

(g) "Indoor radon

tration of radon daughters determined by:
6 air sazmples, each of at least 100 hours duraticnm, and taken at a minimum

4-week intervals throughout the year in a habitable area cf a structure,

F
oI

2) utilizing some other procedure approved by the Commission.
)2 DT

Q
3]

(n) '"Milliroentgen (mR) means a unit equal to one-thousandth (1/1000)

Ps
a roentgen which roentgen is defined as an exposure dose of X or gamma

of
radiztion such that the associated corpuscular emission per 0.001293 gram

air produces, in air, ions carrying one electrostatic unit of quantizy

of
rgy (gamma) and the

~ov

electricity of either sign.
"Radiation" means the electromagnetic ene

th

o

1)
particulate radiation (alpha and beta) which emanate from the radioactive
decay of radium and its daughter products.
""Radon daughters" means the consecutive decay products of radon-

6D
Generzlly, these include Radium A (polonium-218), Radium B (lead-214),

222.
Racdium C (bismuth-214), and Radium C' (polonium-214).




{k) '"Remedizl action'" means any action taken with a reasonable ex-
pectation of reducing the radiation exposure resulting from urznium mill
tailings which have been used as construction-relzted material in and
around structures in the arez ¢f Grand Junction, Ceole.

(1) "Surgeon General's guidelines' means radiztion guidelines re-
lated to uranium mill tzilings prepared and released by the 0ffice of
the U.S. Surgeon Generzl, Department of Health, Education and Welfare on
July 27, 1870.

(m) '"Uranium mill tailings" means tailings from a urzanium mill opera-

rt
|J
Q
o

invelved in the Federal uranium procurement program.

Lan)
=}
.

"Working Level' (WL) means any combination of short-lived radon
daughter products in 1 liter of air that will result in the ultimate

< ey =g .
emission of 1.3x10° MeV of potential alpha energy.

712.4 Interpretations

Except as specifically authorized by the Administrater in writing, o
interpretation of the meaning ¢f the regulations in this part by an officer
or employee of ERDA other than & written interpretation by the General

Counsel will be Tecognized to be binding upon ERDA.

712.5 Communications

Except where otherwise specified in this par:t, all communications
concerning the regulations in this part should be addressed to the Director,
Division of Safety, Standaxds, and Compliance, U.S. Energy Research and

Developrment Administration, Washington, D.C. 20545.

712.6 General radiztion exgosure level criteria for remedizl action

-

The basis for undertaking remedial action shall be the applicable
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guidelines published by the Surgeon General of the United States. These
cuidelines recommend the following graded action levels for remedial
action in terms of externzl gammz ra@iation level (EGR) and indoor raden
daughter concentration level (RDC) zbove background found within dwellings

constructed con or with uranium mill tailings:

EGR RDC Recommendation

Grezter than 0.1 Greater than Remedizl action indicated
mR/hr. ‘ 0.0S wL.

From 0.05 to 0.1 From 0.01 to Remedizal action may be
mR/hr. 0.05 WL. suggested.

Less than 0.05 Less than 0.01 No Temedial action in-
nR/hr. WL. dicated.

712.7 Criteriz for determination of possible need for remedial action

Cnce it is determined that a possible need for remedial.acticn exists,
the record owner of a structure shall be notified of that structure's ‘
eligibility for an engineering assessment to confirm the need for remedial
action and to ascertain the most appropriate remedial measure, if zny. A
decermination cf possible need will be made if as a result of the presence
of uranium mill tzilings under or adjacent to the structure, one of the
following criteria is met:

(2) Where ERDA azpproved data on indooT radon daughter concentration
levels are avazilable:

(1) For dwellings and schoolrooms: An indooT radon daughter con-

centration level of 0.01 WL or greater above background.




o
Vo)

fZ) For other structures: An indoor radon daughter cconcentration
level of 0.03 WL or greater above background.

(v) Wnere ERDA zpproved data on indoor radon daughter concentration
levels are not available:

(i) An external gamma radiation level of 0.05 mR/hr. or greater above
backgTound.

(11} An indoor radon daughter concentration level of 0.01 WL or
greater zbove background (presumed).

(A It maf be presumed that if the external gamma radiation level
is ecuzl to or exceeds 0.02 mR/hr. above background, the indocr radon
daughter concentration level eguals or exceeds 0.01 WL above background.

(8) it should be presumed that if the extermal gamma radiation level
is less than 0.001 mR/hr. above background, the indoor radon daughter
concentration level is less than 0.01 WL above background and no possible
need for remedial action existg.

(C) If the external gamma radiation level is equal to or greater
thzn 0.001 mR/hr. above background but is less than 0.02 mR/hr. above
background, measurements will be required to ascertain the indoor radon
daughter concentration level.

(2) For other structures: (i) An external gamma radiaticn level of
0.15 mR/hr. above background averaged on a rocm;by-room basis.

(ii) No presumptions shall be made on the extermal gamma rzdiation
level/indoor radon daughter concentration level relationship. Decisioms

will be made in individual cases based upon the results of actuzl measure-

ments.
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712.8 Determination of possible need for remedial action where
criteriz hzve not been met
The possible need for remedial action mzy be determined where the
criteria in 712.7 have not been met if various other factors are present.
Such factors include, but are not necessarily limited to, size of the
affected area, distribution of radiztion levels in the affected area,
zmoun= of tailings, age of individuals occupying affected area, occupancy

time, znd use of the zffected area.

712.9 Factofs to be considered in determination of order or priority
for remedial actiom.
In determining the order or priority for execution of remedial action,
considerztion shall be given, but not necessarily limited to, the following
factors:

(a) Classification of structure. Dwellings and schools shall be
considered first. ‘ )

(b) Availability of data. Those structures for which data on indoor
~adon daughter concentration levels and/or external gamma radiation levels
are available when the program starts and which meet the criteria in
712.7 will be considered first.

(¢) Order of application. Insofar as feasible remedial action will
be taken in the order which the application is received.

(d) Magnitude of radiation level. In general, those structures with

the highest radiation levels will be given primary consideration.




