INTERIM REPORT

RADICLOGICAL SURVEY OF THE PROFERTY 4T 2200 LATTY AVENUE,
HAZELWOOD, MISSOURI

F. Hzywood M. T. Ryan

2. W. Leggett
B. Wagner C. J. Barton

F. T. Perdue

(34 et ]

Work performed
by
Health and Safety Research Division
Oak Ridge National Laboratory
Oak Ridge, Temnessee 37830

September 1977

fer the
DEPARTMENT OF ENERGY
as part oI
The Radiological Surveys
of Former Manhat:tan Engineering District/
tomic Energy Commissinn Sites

NCountySites_01.06_0033_a

200.1e



TABLE OF CONTENTS

LISTOF FIGURES . . . v v v o v v v v e vie v e

LIST OF TABLES. . . . . . . « « « « « .« .

ABSTRACT. v v v v v v v e e e e e e e e e e e

INTRCDUCTICN.

SURVEY METHCDS. © v v v v v v v v v e e e e e e e e e e e e e

Measurenoent ¢f Alpha Contamination Levels in Buildings
Measurenent of Beta-Gamma Dose Rates and Transferable Beta
Contamination Levels in Buildings. . . . .
Measurement of External Gamma Radiation Levels in the Buildings.
Measurement of Radon and Progeny in Air in the Buildings . .
Measurenents of External Gamma Radiation Levels at 1 m and Beta-
Gzora Dose Rates at 1 cm £rom the Surface Outdoors . . . . . . .
Determination of Radionuclide Concentrations in Soil and Water .
3ackground Measurements. . . . . . . . .
GUIDELINES USED TO EVALUATE RESULTS . . . . . . . . « . . . . .
SURVEY RESULTS. . . . v v v ¢ v o v v o v o o v 4 o
Measurement of Alpha and Beta-Gamma Contamination and External

Gammma Radiation Levels in Buildings. . . . . . .

Building 1. . . . . . . . . . .

Building 2. . + + + v v 4 e e v v e e e e
Building 3. . . . . + + . .« .+ . . .
Building 4. . . . . .

Mezsuremencs of Beta-Gamma Dose Rates at 1 em and External

Gama Radiation Levels 2t 1 m Above Surfaces Outdoors .




RADIOLOGICAL SURVEY OF THE PROPERTY AT 9200 LATTY AVENUE,
HAZELWOOD, MISSOURI

R. W. Leggett F. F. Haywood M. T. Ryan
P. T. Perdue E. B..Wagner C. J. Barton

By acceptance of this article, the publisher or
recipient acknowledges the U. S. Government's right
to retain a non-exclusive, royalty-free license in
and to any copyright covering the article.




iv

TABLE OF CONTENTS (cont'd.)

Results of Soil Sample Analyses.
Results of Water and Seciment Analyses
Radon and Radon Daughter Measurements in Buildings 1, 2, 3,
and 4.
SUMMARY . . . . . v v v e e e e e
REFERENCES. . . . . . . « . .
APPENDIX I
APPENDIX II
APPENDIX III.

APPENDIX 1V .




"~

(9]

fa

10

11

LiST OF FIGURES

Scaled drewing of the site, and grid used for outdoor
SUTVEY . v ¢ o o v o o o o o o o o o o e e e e e e e e
Scaled drawing of buildings and nearby landmarks on the

L -
Building 1, floor: beta-gamma dose rates at ! cm abcve
gTid POINTS .+ . . . o i e e e e e e e e e e e e e e
Building 1, flocr and lower walls: maximum observed beta-
gamma dose rates and direct alpha readings. . . . . . .
Building 1, gxternal gamma. radiation levels at 1 m above
grid points . . v 4 4 e e e s e e s s e e e e e e e e
Building l: indoors and outdoors within 5 ft of walls:
maximum external gamma radiation levels within survey
biocks, at 1 m above floor . . . . . . . . . . . ..
Building 2, floor: beta-gammz dose rates at ! cm above
EXid POINTS v v v v v . e e e e e e e e e e e e e
Building 2, floor and lower walls: maximum observed beta-
gamma dose rates and direct alpha readings. . . . . . . .
Building 2: external gamma radiation levels at 1 m above
grid POinTs . . . . . . . . o e e e e e e e e e e e e
Building 2, indoors and outdoors within 3 ft of walls:
maximum eaternmal gamma Tadiztion levels wlthin survey
blocks, at 1 ® above flooT. . . . . . . . . . . . . . .
Building 3, floor and lower walls: maximum observed beta-

gamma dose rates and direct alpha measurements. . . .

Page

(7]
'S

40



vi

LIST OF FIGURES (cont'd.)

Building 3, indoors and nearby outdoor points: external

gammz levels at 1 m above surface. . . . . . . . . . .
Building 4, floor: direct alpha readings at randomly

selected points. . . . . . . . . . . . ..

Building 4, indoors and nearby ocutdoor points: external

gamma radiztion levels at 1 m zbove surface. .
Locations at which surface soil samples were taken

Locations of core holes. . . . . . . . . . . . .

Beta-gamma dose rates outdoors at 1 cm above grid points .

Maximm observed beta-gamma dose rates outdoors in those

grid blocks where some readings exceeded 0.20 mrad/hr.

External gamma radiation levels outdoors at 1 m above

grid points. . . . . . . . . L0 e e v e e 0

Profile of average external gamma radiation levels at

above surface outdoorS . . . . . ¢« . e v e e e 4
. 222 X

A typical Rn daughter alpha spectrum. . . .

Alpha spectrum for an air sample taken in Building 1

~

Alpha spectrum for an air sample taken in Building
Alpha spectrum for air sample taken in Building 3.

Alpha spectrum for air sample taken in Building 4. .

41

42

48

49

50



Tatle

)

"~

wm

w

~2

vii

LIST OF TABLES

Direct measurements of a and 8-y contaminztion levels on

upper walls and ceiling in Buildings 1, 2, 3, and 4.

ransferable a and 2 contamination levels in Buildings

1, 2, 53, and 4 . . . . . . . .. 0o e e e e e
Analyses of surface soil samples . . . . . . . . . . . . .
Analyses of subsurface soil samples. . . . . . . . . . . .

Radiochemica! analyses of selected samples . .

29 >
2lon, "sRa, and 'SOTh in water and

Concentrations of
sediment samples . . . . . . . . 0 0 v e v e e e e e
Radon concentrations in air in Buildings 1, 2, 3, and 4. .

Concentratiun guldes listed in ERDA 0524 Annex A for un-~

controlled 2TEAS . . . . . v v e e e e e e e e e e e

64



RADIQOLOGICAL SURVEY OF THE PROPERTY AT 9200 LATTY AVENUE,
HAZELWOOD, MISSOURI*

R. W. Leggett F
P. T. Perdue E.

Health and Safety Research Division
Cak Ridge Naztional Laboratory
Cak Ridge, Tennessee 357830
ABSTRACT

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

et s . ——at 226 238

levels on surfaces in the buildings; concentrations of Ra, U,
232.rh 227 230 . - . . —ei s

R Ac, and/or Th in samples of soil and other materials on the

. . 250 226 210 . . .:

site; concentrations of Th, Ra, and Pb in water and sediment from
a creek near the site; and concentrations cf radon and progeny in air in
the buildings on the site. t was found tha: zlpha and beta-gamma

contamination ievels on surfaces and external gamma radiation levels at

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

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

site. It is estimated that the tor three ipnches 0f <=1 on much o0f zhe

. . - . 226 .
site contains an average of 140 pCi Ra/g and probably higher average
. . 238 230 227 ,
concentrations of U, Th, and Ac. If reconstruction of the

buildings is completed withou: removal of waste residues presently

2
-

s . : 2
inside or near the structures, pcoctentially hazardous Rn daughter

concentrations could develop inside some of the buildings. At present,
) —— © . 219 . . cy s , .
the concentration of Rn daughters in Building ! appears to be higher

22
than the “““Rn daughter concentration.

INTRODUCTION

At the'request of the Energy Research and Development Administration
(ERDA) and the Nuclear Regulatory Commission (NRC), a radiologiczl
survey was conducted at 2 former licensed site located at $200 Latty
Avenue in Hazelwood, Missouri. . There are four buildings on this ll-acwe
site (see Figs. 1 and 2). These structures have a total floo- area of
approximately 18,000 ftz. At the time of the survey, the buildings we}e
all vacant and were being prepared by 4 workers for use in an operatiom
for manufacturing chemical coatings; the remaining 10.6 acres on the
property werc not being used. The site is located in 2 large industrial
area and is well removed from residential areas. Water run-off from
some parts of the property drains into the nearby Coldwzter Creek and
<he 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-

por:.l In early 1966, ore residues and uranium- and racdium-bearing
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cTocessec wastes which had been stored at the St. Louis Airport property
were noved by the Continental Mining anc Milling Company of Chicago,
Illinois, to the lLatty Avenue site. Thesé wastes had been generated by
Mzllinck=oct Chemical Works of St. Louis during the perioed 1942 through
the lzte 1250's. In January, 1967, the Commercizl Discqun: Corporation

-

of CThicago, Illincis, purchased the Tesidues; much of the material was
thern cdried and shipped to the Cotter Corporation facilities in Canon
Cizty, Colorado. The source meterial remaining at the Latty Avenue site
wzs sold to the Cotter Corporaticn in December, 15€%. Records indicate

thzt residues remaining on the site 2t that time included 74,000 tons of

Belgian Congo pitchbl raffinate containing about 113 tons of uranium,

32,500 tens of Colorado raffinate containing about 48 tons of uranium,
and 8700 tons of leached barium sulfate containing about 7 tomns of
vranium. During the period Anggs: through November, 1970, Cotter Corporation
é¢ried some of the remaining residues and shipped themr to their mill in
Canon City, Colorado; by December, 1970, an estimated 10,000 toms of
Colorado raffinate and 8700 tons of leached barium sulfate remained at
the Latty Avenue site.

In Apzyil 1974, an NRC inspector was informed that the remaining
Colorado raffinate had been shipped in mid-1973 to Canon City without
drving and that the leached bazium sulfate had been transported to 2
1lancill zrea in St. Louis County. A reported 12 to 1§ in. of top soil
nad been strippec from the Laity Avenue site and had Ssupposedly been
removed with <he leached barium sulfate. However, analyses of soil

sexrles taken curing an NRC investigation of the Latty Avenue site in




1275 incicatecd the rresence oI uranium- and thorium-bearing residues;
furtherzore, &t some points on the site, direct readings of radiation
exceeded criteria established by NRC for decontamination of land areas
pTior to release for unrestricted use.

The rresent survey was undertzken to characterize the existing
raciclogiczl status of the property. It was conducted by five members
o the Health and Safety Research Division, Oak Ridge Nationzl Lazboratory
(ORNL) dursing the perieds June 27 through July 1, July 11 through July
15, znd Sertember 19 through September 22, 1677. The survey includec:

(1) ~nezsurement of external gamma radiation levels at 1 m above
the surface throughout each building, and outdoors throughout
the site;

(2) omeazsurement of fixed and transferable alpha and beta contam-
ination levels on walls, ceilings, floors, and supports
<hroughout each building;

(5) npDeasurement of beta-gamma dose rates at 1 cm £rom surfaces
throughout the buildings and out&oors throughout the site;

- - s o=
(4) measurement of 226Ra, 2':'BU, 2°2Th, and ’Z/Ac (and, in a

- 230 . .. . is g-
few cases, Th) in soil samples taken inside buildings and

outdoors on the site;

- 230

(5) measurement of Th, 210

226Ra, and

Pb in water samples taken
Zrom Coldwater Creek near the site; and
(6) wmeasurement of radon and progeny in zir in the buildings on

the site.




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

estimate the levels c¢f transferable contamination.

SURVEY METHODS

Throughout this =eport, the term '"lower wall' refers to the surface
o< 2 wall up to a neight of 6 £t, and "overhead surfaces'" include
wall surfaces above 6 £t. 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 pe-pendicular sets of '"grid
linmes,” and the inte?section 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 gzid 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 ft on the lower walls (see Figs.
3 through §); those in Building 2 measured 20 £t x 17 ft 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 ft x 7 £t on the floor and 7 £ x 6 f*t on the lower
wzlls (see Figs. 11 and 12). Also, the outdoor arez on the site was
divided into S0 £t x S50 £t survey blocks using two sets of grid lines,
one parallel and the cther perpendicular to a base line which had been
Tun by a surveying company (see Figs. 1 and 2). Readings in Building 4
were taken at uniformly spaced, randomly selected points (see Figs. 13

and 14).




Mezsurement of Alpha Contamination Levels in Buildings

irect measurements of alpha contanination levels were made on floor,
wall, ancé ceiling surfaces throughout the buildings (except for 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
5lccks, readings were taken and recorded at nearly uniformly spaced
peints. The alpha survey meters were equipped with scalers which allow
integraztion of counts over various time intervals, permitting direct
airhz ceasurements on surfaces with low-level zlipha contamination. If

*

counts are integrated over a period of 60 sec, the count rate error
2ssociated with a direct reading of 300 dpm/100 cm® is = 30% for this
instrument, and the CNuUnt rote &:rO0T associated with a direct reading of
100 &pr/100 cm2 is = 50%.

For the measurement of tr#nsferable alphe contamination levels,
smear 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 were counted using the alpha smear counter shown in

Apprendix I. The count rate errors associated with tzansferable alpha

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

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

of the surface, and in surface arez covered.

L 3
Unless otherwise specified, erTcrs reported in this document refer to
the 68% confidence level.

a—

——




Measurement o Beta-Gamma Dose Rates and
Transferable Beta Contamination Levels in Buildings

Beta-gamma dose rates were measured 2t 1 cm from the flocr, wall,
ané ceiling surfaces in the buildings, using Geiger-Muller survey meter
described in Appendix I. In 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 highest external gazmma level
ar 1 m (2s measured with the gamma scintiliztion survey meter described
izter). The survey blocks in Building 3 were considerzbly smzller, and
each block was scannec with a G-M meter to determine the mazximum beta-
gar=za dose Ttate. On all overhead surfaces in the buildings (including
walls above 6 ft) and throughout Building 4, beta-gammz dose Tates weTe
measured at a sufficient number o 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 factor of 2000 c¢pm = 1 mrad/hr was determined using

ZSBU'

”

materials contaminated with 6Ra in approximate equilibrium 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 cut 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 involved in using this cenversion faetor (2000 com = 1 mrad/hr)

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




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

Hy
o

2s a floor cr wall, azppears to be no higher than 15

.

(b2

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

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

- . . . 226 C i a
factor was determined at ORNL using a ““ Re source. A significan:

difference in the open-window and closed-window rezdings on the G-M
mezer a2t some point indicates the presence of beta-emitting surface
contarination, since mest beta particles can penetrate only a few
piliimeters cf dense materials.

The smear samples described earlier were counted, using beta smear
counters shown in Appendix I, for the determination of transierable beta
~ontamination levels. The error associated with measurement of transier-

2ble peta contamination is discussed in Appendix I.

Measuremenst of External Gamma Radiation Levels in the Buildings
Three types of instruments were used to measure external gamma
radiation levels at 1 m above the surface on this site: (1) G-M meters
desc-ibed earlier; (2) a scaler-equipped G-M counter described in rgf.

2; znd (3) Nal scintillation meters described iIn Appendix I. The G-M

meters are eguipped with ratemeters which show instantaneous gamma

t

aciztion levels when the probe window is closed. Since these ratemeters
are unreliable for radiation levels within the range of normal background,
she sceler-eguipped G-M counters were usec toO measure low-level gamma
racdiation. The Nal scintillation meters are extrenmely sensitive and

were used on this site to locate contaminated zTeas, as weill as to




loczte pcints within survey blocks shewing maximum external gamma ievels.
However, since the response oI the Nzl scintillation meter is highly
energy dependent, actual measurements ¢ external gamma radiztion were
made only with the two types of G-M instruments described earlier.

In Buildings 1 and 2, external gamma levels 2zt 1 m above the floor
weTe measured zt each of the gricd points. In addition, the maximum
externel gamme radiation level at 1 m was determined within alterna:
survey scuares in Building 1 and in each survey square in Building 2.
In Buildings 35 ané 4, externzl gammz levels at ! m were measured &t
rancomly selected points, and in each of these buildings, a scan was
made with the gamma scintillation meter to insure that the measurements

had been representative for the building.

Measurement of Radon and Progeny in Air in tne Buildings

Continuous 24-hr measurements oi radon concentrztions in air were
made in Buildings 1, 2, 3, and 4 using an inst-ument developed by Wrenn,
et al.,3 and referred to0 as a Wrenn chamber. This instrument, described
in Appendix II, was attached to a printer which recorded automatically
+he radon concentrations at intervals of 2000 sec. 3ecause some radon
and progeny from previous 2000-sec intervals rémain in the Wrenn chamber,
each reading actually represents a concentration wnich has, effectively,
been integrated over 2 period of 2 to 4 hr.

For the measurement of .radon daughter concentrations in 2ir in
Ruildings 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
wm,  The filter was counted using an alpnz spectrometry technigue described

in Appendix II.
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Measurements of External Gamma Radiztion Levels zt 1 m and
Bete-Garmma Dose Rates at ! cm frem the Surface Qutdoors

At each of the

=]

id points shown in Fig. 1, the beta-gamma dose

rate was measured with an open-window G-M meter zt 1 cm frem the surface,

(]

0

t 1 m abcve the suriface wizh

o 4

)

and the extermal gamma level was measured
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 maximuz external gamma level, and the beta-gamma dose rate was

measured at 1 cm a2bove that point with a G-M meter.

Determinaticn of Radionuclide Concentrations in Soil and Weter

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

spectTz obtained were analyzed by computer techniaues. A description of
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me Ge(li) detector and soil counting techniques is given in Appendix
IZI. Concentrations oI :26Ra, :SSU, ZSZTh’ anc 227Ac ir the samples
weTe determined.

A barcel contzining a radiocactive residue was found in the southwest
cotner of the property. The barrel was tazken to ORNL, where samples of

.. . . 230 228 232 231 227 .
the residue were anziv:zed for Th, Th, Th, Pz, Ac, and

<<%z oy the Analytical Chemistry Division using radiochexical technigues
described iIn appendices to the ORNL Master Manual.

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

230 226 210

anaivzed for Tk, Ra, and Pb by the Analytical Chemistry Division

of ORNL, using the radiochemical technicues mentioned above.

Background Measurements
Background externmal gamma radiation levels at 1 m above the ground
were measured at 4 points within 4 miles of the site. The measurements
ranged from 7 to 9 uR/hr. S¢il samplcs tzkeh at the same points con-

226

o=
tzined, on the average, 1.3 pCi Ra/g and 1.2 pCi 'JzTh/g. The average

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

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




[
(3]

notec earlier, Teadings at this level cannot be accurately reproduced

[}

i
on the G-M meter. Background direct alpha readings for the :type of

2lpha meter usec on this site are negligible.

Al]l direct meter Teadings reportec in this documen:t represent gross
Tezdings; background Tacdiation levels have not been subiracted. Similarly,
background levels have nct been subtracted f£rom radionuclide concenzTaticns

zeasured in environmental samples ané building materials. For zthe
neasurement of transferable alphna 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

fuidelines usec in this document to evaluate datz Irom the survey
zre provided in Appendix IV. Sodme of these guidelines are discussed
priefly in this section.

Surface contamination levels measured on the site are compared in
this report with NRC guidelines for -elease of property for unrestric:ed
use. For surfaces contaminated with alpha emitters, strictest limits
apply to a group of radionuclides including zsRa and ZsoTh, two of
the principal contaminants on this site. The average and maximum* ligits
for direct measurements of alpha contamination levels on surZaces contam-
inated with these radicnuclides are 100 dpm/100 cm2 and 300 dpm/100 cmz,
respectively, and transferable alpna contaminatien should not exceed
20 dpm/100 cmz. Strictest NRC guidelines for beta emitters apply 0 2

. . . 227 - - .
greup of radionuclides including "Ac, which was also found to be in

He;sa.emeqhs may not be brought below limits by averaging over more
thzn 1 m?. The maximum level applies to an area of not more than 100 cm<.
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asuncence on this site. Transferable beta ccontamination levels for sur-

-~ -
e

. , 2
Ac should nct exceec 20 dpm/100 cm™, and,

fzczs contazinated with

regzrcless c¢f the contaminant, average and maximur beta-gammz dose Trates
sheoulé not exceed (.20 mrad/hr and 1.0 mrad/hr, respectively.

TheTe are several guidelines for external gamma radiation given in
iopendix IV. One is the figure 500 mrem/year for maximum exposure to an

indivicuzl in the pecpulation, recommended by the International Commission
or. Raclological Protection (ICRP) and the Nztional Council orn Radiation
Protection (NCRP), ané szated in 10 CRF 20. Another is the Environmental
Protection Agency's (EPA) recently adopted limit of 25 mrem/vear for all
pnases of the uranium fuel cycle. Finally, there is the Surgeon General's
figure of 50 uR/hr for exposure over the tackground level, above which
remedial action was suggested in the Grand Juuctlon, Colorado, situation.
Since this site is being prepared for use as a small industry, it seems
reasonzdle to assume that no in&ividual will be or the site more than

2500 hr each year. Assuming an exposure time of 2500 hr per year, a

.l

gez-a radiation level of more than 18 uR/hr (10 wR/hr pilus the average

bpackground level of 8 uR/hr) would exgged the EPA recommendation, and a

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

Turthe=moze¢, an extermal gamma level of more than 58 uR/hr would exceed

c———

<he Surgeon General's giiieliles.
SURVEY RESULTS

Measurement of Alphe and Beta-Gammz Contamination anc
ané External Gamma Radiation Levels in Builcings

2ciléing 1

00 £1 anc has a 30-7t ceiling.

}—2

This structure measures 120 ft x

At the tine of this survey, the floor of the building was comrosed of




iirT and Sroken concrete, and there were openings zlong the walls (in-
ciluding scaces Zor 33 wincows) totaling approximately 2500 ftz. This
buiiding was used at one time for drying andé otherwise preparing radicactive
Tesidues for shipment.

Xesults of beta-gamma dose rate measursments in Building 1 are

ziven in rigs. 3 and 4, and in Table 1. Highest contamination levels

~were zezsurec cn the dirt IZloor and on 2 horizontzl steel ledge approxi-
=ztely I.5 7t above the fiocor. Betz-gamme dose rztes zt 1 cm from the
surface exceeded 0.20 mrad/hr over most points of measurement on the

Ziocr, wall, and ceiling surfaces and were as high as 2.4 mrad/hr at 1

:n above the dirt floor. The percentage of the dose rates attributable
10 beta radiation varied between zero and 80 on the floor and lower
walls but was near zero at most points on overhead surfaces. On the
iowe= welis, transferable beta contamination levels averaged 45 dpm/100
cn® and were as high as 250 dpm/100 cn” on the norizZontzl steel ledge
aenticned above (see Table 2). On overhead surfaces, transferable beta
centazinazticn levels averaged 15 dpm/100 c:n2 but were as high as 200
dpa/100 cmz (Table_Z). A general note should be made for surfaces where
transferable betz contamination was measured. Contaxination on a smear
sample may not represent quantitatively the transferable component on
the surface. Many smears were taken on surfaces where dust had accumulated
To &z thickness of 0.5 to 1 cm.

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

as high as 18,000 dpm/100 ez’ on the steel ledge on the lower wall.
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Direct alrha cezdings were taken at approximately 35 c¢m above the dir=
Ziccr at z few points; these readings exceedecd 5,000 dpm/100 cm2 at
. ; . . . 222 219
soze points and probably resulted from the emanation of Rn, Rn,
. .. 220 " . .
anc possibly Rni. Transferable alpha contamination levels on the
walls znd ceiling were generally higher than transierable beta levels;

. hed
e zlpha ccntamination levels averaged 113 cpm/100 cm” on the

2]
bos

~znsferab

(]
'

ow

walls znd 35 cca/ 100 cm2 on overheacd 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. 5 and 6j.
The average external gamma level at 1 m (based on grid point measure-

ments) was aprroximately 1590 uR/hr.

This structure‘measures 60 £t x 50 £t and has a 25- to 30-ft ceiling
ané a céirt and gravel flioor. At the time of the survey, the building
hac uncovered door, wall, and window openings totaling approximately 3500
£t”. The Zformer use of this building is uncertain.

Resul:ts for beta-gamma dose rates measured in Building 2 are presented
in Figs. 7 and 8, and Table 1. Beta-gamma dose rates at 1 cm from the
surface were generally lower than in Building 1 but exceeded 0.20 mrad/hr
in some areas of 1 m2 or more on the floor. The Zraction of the beta-
gamma dose rate attributable to beta radiation was near zero at most
points put was as high as 80% on the floor and 60% on the upper surfaces.
Trznsferable beta contamination levels exceeded 20 dpm/100 cm2 at several

oints on the lower wzlls anc at a few overhead points (Table 2}. The

'a

szximur tzansferable beta contaminztion level measured was 110 dpm/100

[{8]

c=”, on a steel ledge on the lower wall.
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Direct mecasurements of alpha contamination levels on the walls and
L - . 2 . .
ceilings excesded 300 cpm/100 cm” in several pliaces and were as high as
2
2600 dpm/100 cm”™ (see Fig. 8 and Table 1). Maximum alpha contaminaztion
levels were generally measured on horizontal steel! beams. Transferable
2

aipha contamination levels exceeded 20 dpm/100 cm”™ a2t most points of
Dezsurement on the lower walls and at some points on overhead surfaces.
Tne maximum transferable zalpha level measured in the Building was 210
- ‘.’ - .
dpe/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 from 40 to 105 uR/hr. It appeared that high gamma
radiation levels outside the building were responsible for part (but not
all) of the elevated beta-gamma dose rates and extermal 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 floor. It is referred to in an NRC reportl as a "'garage."
Beta-gamma dose rate measurements for Building 3 are reported in
Fig. 11 and Table 1. At 1l cm from interior surfaces, beta-gamma dose
rates did not exceed 0.18 mrad/hr excep:t in the open dirt on the floor
in the northwest corner of the building, where 2 maximum measurement of
0.40 mrad/hr (principally beta radiation) was recorded. Transferable
beta radiation levels averaged 30 dpm/100 cmz on the floor and 20 dpm/100

cmz on the lower walls (Table 2).




fon
~1

easurements of alpha contamination levels exceeded 3500

ot
u

Direc:

"

¢zz/10C c2” 2t points in each of the survey blocks on the floor and
lower walls (see Fig. 11). On overhead surfaces, direct alpha measure-
- 2 . .
ments zveraged 50 dpm/100 ca” (Table 1), and only 1 of 16 overnead
<= . 2, . .
mezsurements exceeded 500 dpn/i00 ca2”; this reading was taken on 2

horizontal steel beam above the northern entrance. Transferable alpha

(4 Y

contzainztion levels zveragec 93 dpm/100 c:n2 on the fioor and 30 dpm/100
cnz cn the lower walls (Table 2). However, smezr samples tzken on vertical
surfaces of the walls, (that is, not on beams and ledges) generally
showed less than 20 alpha dpm/100 cmz.

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 contaminztion out-

side the building.

Buiiding 4

This small structure (56 £t x 20 ft) was partially destroyed in a
fire and was undergoing extensive construction modifications 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>bpilding.

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 530 dpm/100 cm2 (see Fig. 13), and
transferable alpha contamination levels were 2s high as 60 dpn/100 cm2

(Table 2). 1t azppeared that the elevated alpha readings were being




rroduced at least in part by soil brought into the building on shoes.
Sxternzl gamma measurements at 1 m were in the ~znge 11 o 16 uR/har
(Fig. 14).

Measurements of Beta-Gamma Dose Rates at 1l cm and External

Gammz Radiation Levels at 1 m Above Surfaces Outdoors

Yezsurements of beta-gamma dose rates at 1 cm abbve the grid peints
outiocTs are presented in Fig. 17. The survey blocks showing betz-gamma
dose rztes greater than 0.20 mrad/hr at some point are shown in Fig. 18,
aleng with the maximum observed dose Tate for each of these blocks. Beta-
gama dose rates ranged from 0.20 mrad/hr to 5.0 mrad/hr over an estimzted
30% of the surface area outdoors on the property. Based on measurements
at grid pcints, the average beta-gamma dose Tate outdoors on the site at
1 co above the ground was appreximatsly (.25 mrad/hr.

External gamma measurements at 1 © above grid points outdoors on
the site azre given in Fig. 16. .A radiation intensity profile for the
outdoor zrea on the site is shown in Fig. 20. This profile refiects
only average external gamma rtadiation levels at 1 m for the areas in-
dicazed anc should not be interpreted as showing point-by-point radiation
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

211 grid-point measurements, was approximately 110 uR/hr.




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

22
(see Tebles 3 and 4 and rigs. 15 and 16) contained up to 330 pCi "6Ra/g,

2

up to 860 pCi SSU/g, and vp to 700 pCi 227Ac/g. It appears from the
corings that the contaminated soil in Building 1 extends to a depth of
a2t least 18 in. in some places; however, the radionuclide concentration
below 6 in. at most points appear to be gignificantly lower than those
£-cm 0 to 6 in. Hole Cl3, wnich was drilled at 2 point near the wall
where the dirt floor was higher than the nearby area, showed nearly

. - 226 . . - ., 226
uniform Ra contamination (from 140 to 240 pCi/ Ra/g) from 0 to 18
in., and there was an interface between contaminated soil and relatively

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

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

-

) . - . .
has an average Ra concentration of zppreximately 200 pCi/g and that the
i1 £ ; - 226
soil from 6 in. to 2 £t below the surface has an average Ra concen-
tration of 50 pCi/g or less.

Samples were taken at depths of 0 to 2 ft from two core holes in
Building 2, and three surface samples were taken in this building (see
Tzbles 2 and 4, and Figs. 15 and 16). Location S37 (indicated in
Fig. 15) showed higher beta-gammz contamination levels than the rest of

-
the floor, and a surface sample taken there showed 80 pCi “ZeRa/g, 84

(8]

pCi JBU/g, and 47 pCi ““’Ac/g. It is estimated from surface and core

hole samples that the top 6 in. of soil in Building 2 contains an average
228 . . . . . .
Ra concentration cf approximately 30 pCi/g. Littile cnntaminatiun

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

22 23 227
2263 238y,¢, 390 pCi 2%7ac/g, ane T pCi

(97
(73}

0O
(8]

ntained 350 pCi a/g, 566 pCi
2

2

n

Th/g.

A surZace soll sample taken from the open dirt on the floor in the
226

northwest corner of Building 3 (S38) showed 82 pCi Ra/g, 3.1 pCi
g 2
“i/g, anc 120 pCi 7

(28]
(7]

b
“'Ac/g. A sanple of dirt and scazle tzken from

m

. . A . . . 226
ledge in this building showed §0 pCi Ra/g.
Soil sample analyses for outdoor surface samples are reported in

Tzble 3; locations are shown in Fig. 15. Unsuzprisingly, cthe concen-

a
. . 226
TTation of

Re in surface samples follows the same general pattern as
thzt for externzl gamma radiztion shown in Fig. 20. The sampling locations
S7 through S34 (among others) were chosen independently of radiation
levels, and average conditiuns at these 28 locations should be representative
of zverage conditions for the entire site. Radium-226 concentrations in

. . . 226
surface samples £rom these points averaged approximately 140 pCi Ra.

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

BR/hr, as compared with an average of 110 wR/hr for all outdoor grid

points on the site.) Concentrations of 22634 up to 2700 pCi/g, =38y up
to 210,000 pCi/g, and 227Ac up to 1300 pCi/g were found in outdoor

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

weight) was composed of several pieces of yellow material found at
locazion S49 shown in Fig. 15. It is interesting to mote that dirz

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

226

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

lose to the estimated average for topsoil on the site. This sample
-

ziso showed 110 pCi “““Ac/g (see Table 3, sample $48).




‘

Holes were cored to z depth of 2 £t or less at the outdoor locations
shown in Fig. 18. Anzlvses of samples taken from these ccre holes are
reported in Teble 4. As in Buildings 1 znd 2, the contaminated soil
outdoors appeers to be near the surface in most places, although con-
ta=imazior extends to & depth of at least 2 ft at some points. In

. ; . - . \ ; : 226
pacticular, at iocation (5 (Fig. 16}, the concentrations of Re,
< = cdepth of 18 to 24 in. were 45 pCi/g, 150 pCi/g, and 37
pCi/g, respectively. Core hole C5 was located in an area which has been
cultivetesd in recent years, and any contaminzted 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 cerner of the property between

g-id points F19 2ad G19. A sample taken from the barrel and two surface

. . . - 230 228 232 231
sacplies taken on the site were analyzed for Th, Th, Th, Pa,
227 . 22¢ . : . C . .

Ac, anc Rz by the Analytical Chemistry Division of ORNL, using

radiochemical technicues. Results Zor these samples are reported in

Taple 5. The mos:t abundant radionuclide found in the barrel sample was
2"O'I"n; the concentration of this radionuclide was 90,000 pCi/g. The
surface samples taken at locations S45 and S47 (Fig. 15) also showed

high concentwations (18,000 and 36,000 pCi/g, respectively) of 2>CTh.

Results of Water and Sediment Analyses
Results of analyses of water and sediment samples taken from a
drzinage path on the site and from Coldwater Creek near the site are

2 29 3
’lon, “"GRa, and 30

n

reported in Table 6. The concentrations of Th in

~he wzzer sazmples were well below the maximum permissible concentration




[{V]
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guides listed in 10 CFR 20, Appendix B, and in ERDA Manual Chapter 0524,

-
Anmex A, However, the presence of elevated ccncentrations of ‘lo?b,

250 . 226 . . - - .
Th, and/or “““Ra in sediment filtered Zrom <he two water samples
taken from crainage at the boundary of the property indicates that some

contamination is being transported [som The property in water run-ofsf.

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

There aTe three radon isotopes produced in nature: “"“Rn (sadon},

219 238 . 226

Rn (thoren), and Rn {actinon). Radon-22Z is in the U (and Ra)
C. 22 .. 232 . 21¢ .. . 233 . 227
chain, ORn is in the ->“Th chain, and Rn is in the U (anc Ac)

chain. On sites wnere uranium-bearing materizls have been processed or

. 220 219 . R ca s
stored, the concentrations of Rn and Rn in a2ir in buildings are
222
usually negligible compared with concentrations of "~ “Rn, and most methods
222

. . . 222
usec for measuring concentrations of Rn and “Rn daughters are

a0

21¢
invalid, if significan:t concentrations of ““ Rn and R are present.

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

7 O » 3 k3 - . -
the 'l'Rn isotope appears to be dominant in Building 1 and possibly in

219

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

222

o 219 . , .
to Rn (5.3 days). Therefore Rn which reaches the atmosphere in

n

an air-over-contaminated ground gemoetry probably originates in the top

. 222 . . -
millimeter of soil whereas “““Rn in the air can originate from the

pmeximm depth of contamination (in this case approximately 450 mm).

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

21 . . 222 . . -
of Z‘QRn, and consequently, the concentration of Rn in air mey be 2
- : - . - v e 218 _
or 5 orders of magmnitude higher than that cof Rn. On the other hand,

219 . 4 - _ 222
Rn is 8.4 x 10 greater than that for "~ "Rn

21s

the specific activity of

znd probabiv aczounts for the observed dominance of Rn daughters.
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Air samples were taken in alil four buildings on this site. Filzers
tsed for ceollecring pacticulates were counted in an alpha counter and

rulses were sorted and stored in one half of a 1024 channel pulse height

11
3
m
ro

-zer (see Appendix II). The data corresponding to observed Radium A

.

znd Radium C' activity are evaluated using a technigue refined by Kerr.'
Cenerally, results zre given for the concentrations of RaA, RaB, RaC,
ané working levels (WL); however, the presence cf daughters of thoron or

. o

zczincn creztes interference ané will yield errcnenous estimates of

-

these concentrations.

39

-
.

A typical radon daughter alpna spectrum is presented in Fig.
This spectrum was obtained by counting a sample taken from a Taden source
chamber used for instrument calibration. Radium A (6.05 MeV o) is seen
o reside between chznnels 280 and 305. Likewise, the 7.69 MeV alpha
for RaC' is found betweeen channels 375 and 395. 1In contrast to
this spectrum is the one presented in Fig. 22, for a sample taken in
Kcilding 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 315 and 3353.
Similar spectraz 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
2ctinium daughters. In Building 4, however, the predominate activity is
c¢ue to radon caughters. During the period September 20 through 22,

z Total of 10 z2ir samples were collected in Bullding 4 in order to
evaluzte the concentration of radon daughters. The maximum observed

-2don daughter concentration was C.005 working levels and the average

-oncentration was 0.003 pCi/liter. It appears Zrom data in Figs. 22




<hzcugh 12 thet the concentration of thoron daughters is insignificant

compazed =5 daughters of radon and actinon. This is consistent with the

- . . . 232 . . .
fact that the cuantity of Th on the site is small compared with that
226 . 227
cf Re ang Ac.
21%1,. . 4 oas . .
Tae corncentration of Bi in Building 1 was estimated Zrom alpha

tn

peciTometTy to be as high as 10 pCi/liter. The fraction of equilibrium

211
. ) 211..
retwaen 2i and

)

Rn in the air sample showing this concentration is

Ly

0T Known.

Mezsurements of “““Rn concentrations in air irn the buildings are
reported in Tzble 7. These measurements were made with Wrenn chambers,
wnich are covered with foam-rubber screens to filter radon daughters in

zir. The Tadon difiusion rate into the chamber is of the owvder of 30

R . . 216
£in, waich is long enough to remove the short-lived Rn almost completely;
e - 218 . - - X , .
the Zaughters 03 Rn would be lef:t in the foam rubber. Also, the
220

contributiern of Rn o0 the Wrenn chamber measurements should be small,

since there weres only small quantities of this isotope present, and much

of that present would be eliminated by deczy in the foam-rubber cover.
el s 222
Consequently, it is thought that the accuracy of the Rn measurements

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

yi 21
220p1 2nd %!%Rn in the buildings.

222
Mzxime= 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,

v

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

-

’Z'Rn concentTations in these structures would be substantially higher
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222
iZ the buildings were closed. Maximum ~""Rn concentrations in Buildings

-

.

1, 2, and 4 exceeced tne maxinmum permissible concentration for nonoccupa-

-

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

-
/

A
elevated ~~ Rz concentrations were found in samples taken £rom ledges

. . cq S o U . L 222
anc open dirt in Building 3, it is noE\pnlzkely that the Rn concen-

Py

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

were clesed.

SUMMARY

Strictest NRC guidelines for the release of property for unrestricted

2 3 27
Z’éRa 230 227

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

other niuclides. All three radionuclides were found to be in abundance
on this site. It is estimated from soil analyses that the top 3 in. of

226 .
soil ourdoors em the proberty has an average Ra concentration of

. . . . ~ 227, .
zperoximately 140 pCi/g, and the activity of "Ac in many samples was

- e - 226
as high or higher than the activity of Ra. Two surface samples taken

. 230 . .
outdoors on the property showed >“Th concentrations of 18,000 pCi/g and
56,000 pCi/g, and a sample of materizl taken from & barrel found on the

7- . -
property showed 2 2301y, concentration of 90,000 pCi/g. OCne outdoor
. 238, . .
surface sample was approximately 60% U by weight; this and other
. C s s - 238 .
samples taken from the site contzinec quantities oI U exceeding the

»

~

ISRy . - . N pol -
level (0.05% by weight) Tequiring a source material license. IT appears
that mest of the -adicactive wastes outdeors and in Buildings ! and 2
lie in the top 1 £t or less of soil, although some sampling points showed

contazination at 18 in. or deeper.




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

9
. - . 3 .
200 »Ci Ra/g. Beta-gamma dose rates at 1 cm from surfaces in Building
1 exceed the NRC guideline of 0.20 mrad/hr over a large fractienm of the

surfaces of this building, and direct alpha measurements generally Zfar

. - 2 -
exceed the maximum NRC guidelines of 300 dom/100 cm® for surfaces contanm-

-~ -~
. .., 226 2350 . . e . .
inazed with Ra or Th. Furthermore, at many points in Building 1,

transierzble alpha contamination levels exceed the NRC guideline limit

226 230 - 2 -
(for Ra or Th) of 20 dpm/100 cm™, and transferable beta contanm-

ination levels exceed the limit (for LZ/Ac) of 20 dpm/100 cmz. Also, at

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

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

-
&

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

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

226 238

Ra/g and 566 pCi U/g. It is estimated that the top 6 in. of floor

c¢irt in Building 2 has a 226Ra 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
£ this dirt showed a 226Ra concentration of(?}?pCi/g. Direct 2lpha
readings ir Building 5 exceed tThe NRC maximum guideline of 300 dpm/100
2

cm” a2t many points on the floor and lower walls. Direct alpha readings

on the floor cf Building 4 also exceed 30U dpm/100 cmz at some points;
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it zppears thar the contaminaticn in this building is cue, at leas: in
Sart, to cirt which hes been brought in from outdoors on shoes.

Beta-gamma dose rates at 1 cz from the ground outdoors excesd the
NRC guideline of 0.20 mrad/hr over an estimated 50% of the property.
External gamma Tadiztion levels at 1 m above the surface outdoors on
the property averaged 110 uR/hT. Based on an exposure time cf 2500 hr
per vear Ior an individual, the imtegrated exposure would be 275 mrem.
This is in excess of the EPA recommended limit for arn individual (25
mrem), but is approximztely one half the limit recommended in 10 CFR 20
(500 mrem}.

Concentrations of zzan exceeding the limit of 3.0 pCi/liter stated
in i0 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 quantities

226

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

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

: . g i . 222
Rn daughters attain only a small fraction of equilitrium with Rn;

222

222
222 ; . .
consequently Rn daughter concentrations are mucn lower than Rn
concentrations. However, if reconstruction of the buildings is completed
with the residues left in place, it is likely that somewhat higher con-

22 ) . . 222
Rn and much higher concentrations of

centrations of 2 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 f£rom the survey results, it

should be pointed out that in 2 similar gituetiun at the former Vitro
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aAe
Rzre Metals Plant in Canonsburg, Pennsylvania, “~"Rn concentrations
222 . . .
Rn daughter concentrations far exceeding

[ 4

exceeding 100 pCi/liter and

the Surgeon General's guideline of 0.05 WL (see Appendix IV) were measured

in industrial buildings built over or near radium-bearing wastes.6

233

The presence cf large quantities of radionuclides In the U chain

227
{in particular, """Ac) has given rise to an unusuzl dhenomenon--the oc-
219

currence cf measurable quantities of airborne Rn and daughters. 1In

—— i

- . . . 219 . . .
fact, it appears that the concentration oI Rn daughters is higher

222 . . C o :
than that of “““Rn daughters at some points on the site, particularly in

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

daughters, or of the actinides that produce them. The limits stated in
ERDA 0524 Annex A for protoactinium-231 and actinium-227 are comparable
+o0 those for the better known actinide, plutonium-239 (see Table 8).
— c . . £ 219 . . s o .
The rrincipal dose from Rn anéd daughters is to the lung, due <o the

shert half-lives of the isotopes involved. Considering the half-lives

218

229
. . - - . eha .
and alpha energies of the daughters of Rn and Rn, it appears that

. - 219 . .
the dose o the lung Irom Rn daugnters might be comparable to that

222 . . . X . .
from Rn daughters; however, quantitative data on the relative hazard

of these two radons is mnot presently available.
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Fig. 1. Scaled drawing of the site and grid used for outdoor survey.
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Table 1. Direct mezsurements of a and 2-y contaminztion levels
4

. . cn upper wzlls and ceiling 2

n Buildings 1, 2, 3, anc 4

3ciléing Nupper of Direct a measurements B-y dose rates
neasurements Average Maximum rverage M2X 15
(dpm/100cm?) (dpw/100cm?) (mrad/hr) (mrad/hr)
: 67 900 5500 _ 0.24 0.60
: 36 280 1100 0.16 G.20
3 16 50 360 0.07 0.10
4 10 <50 100 0.03 0.05

~~
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Tzble 2. Transferzble ¢ and Z contaminzation
levels in Buildings 1, 2, 3, and 4

Transferable o Transferable B
Arez Numper of contamination contamination
smears Average Maxigum Averzge Maximum

(dpm/lOOcmz) (dpm/lOOcmz) (dpm/lOOcmZ) {dom/100cm?)

e

L¥)

kalls, up to

2 feet Irom

floct 38 115 450 45 25¢
Ceiling and

walls above

& feet 67 53 380 135 200
walls, up to

6 feet Zrom

Zloor 26 50 140 20 110
Ceiling and

walls above

6 feet 36 30 210 10 70
Floor 25 95 180 30 130
walls, up to

€ feet Zrom

Zloor 40 30 100 20 100
Tloer and

walls 34 15 60 15 60
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Table 3. Analyses of surface soil samples

) 226Ra ZJSU 24/AC 2.>2,.l.,h

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 64C N.D.
S5 14 21 7.1 2.1
sé 14 4.6 .2 1.8
ST 69 100 78 N.D.
S8 88 25 37 N.D.
s9 3.3 5.5 1.0 1.3
sic 1.6 N.D. N.D. N.D.
Sii 5.6 N.D. N.D. N.D.
s12 350 61 13C 7.7
Si3 830 810 1200 N.D.
Sis 6.3 7.8 N.D. N.D.
S15 N.D. N.D. N.D. N.D.
s16 1.4 0.7 X.D. 1.2
s17 5.1 3.4 N.D. N.D.
S18 g9 N.D. N.D. N.D.
: S15 14 7.4 7.0 1.5
s29 250 26 N.D. N.D.
g2 20 "N.D. 21 1.6
§22 160 N.D. N.D N.D.
§23 160 240 93 N.D.
§22 220 426 180 N.D.
s23 310 N.D. 200 N.D.
S26 370 N.D. N.D. N.D.
s27 4.3 2.3 N.D. N.D.
$28 130 N.D. N.D. N.D.
§29 34 647 35 N.D.
$30 130 N.D. 104 N.D.
$31 170 N.D. N.D. N.D.
$32 2.2 4.2 1.0 1.2
§33 8.9 N.D. N.D. N.D.
§3< 250 330 N.D. N.D.
$35 1300 N.D. N.D. N.D.
$36 2.4 N.D. N.D. N.D.
S37 80 84 47 N.D.
$38 §2 3.1 120 N.D.
$39 330 . 860 530 N.D.
S40 520 550 370 N.D.




. ) ZZERa ZSSU 227,«(: 232'1'}1
locazion® (pCi/gd (pCi/g) (pCi/g) (pCi/zg)
S#LAC 320 N.D. 370 5.2
S4:B 240 N.D. 240 8.6
<42 190 420 230 N.D.
i3 16 N.D. 10 0.44
sS4 28 N.D. 16 0.6
Y 2700 N.D. 1500 N.D.
S<¢ 5.0 N.D. 1.3 1.3
S47, 470 530 39¢C N.D.
s48° 120 N.D. 110 4.5
S49 N.D. 210,000 N.D. N.D.
€30 540 N.D. 700 N.D.

“Shown in Fig. 13.
N.D. = concentration not determined.

cSample taken at depth of 6 to 9 in.

[ - - s .
Szmrzle taken from boots of surveyer who had walked in area shown
in Fig. 2.
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Table Analyses of subsurface soil sazples
~e e
. Depth 226, 238 227 ¢ <32,
Location~  {in.) (pCi/g) (pCi/g) (pCi/g) {(pCi/g)
\ - .4 D
Ci 0-6 58 N.D. 41 2.6
6-12 o3 N.D. N.D. N.D.
12-18 1350 N.D. §7 §.6
18-24 2.1 N.D. N.D 1.2
c2 0-6 270 N.D. 120 6.3
6-12 54 N.D. 22 1.1
12-18 1.3 N.D. N.D. 1.0
18-24 2.2 N.D. N.D. N.D.
C3 0-6 1500 350 N.D, N.D.
6-12 25 N.D. 17 1.0
12-18 12 N.D. N.D. N.D.
c4 6-6 2.8 N.D. 9.1 1.8
6-12 1.7 N.D. N.D. N.D.
12-18 1.9 N.D. N.D. N.D.
_ 18-24 N.D. N.D. N.D. N.D.
C5 0-6 69 N.D. >4 5.1
6-12 45 N.D. N.D. N.D.
12-18 N.D. N.D. N.D. N.D.
18-24 49 150 57 3.5
Ccs G-6 =.0 N.D. N.D 1.3
6-12 12 N.D. N.D N.D.
1z-18 1.8 N.D. N.D N.D.
18-2¢4 1.0 N.D. N.D 1.5
Cc7 0-6 1100 N.D. 440 16
6-12 820 N.D. N.D. N.D.
12-18 11 N.D. 4.1 N.D.
18-24 3.9 6.8 N.D. 1.3
c8 0-6 29 850 330 11
6-12 44 N.D. 32 2.7
12-18 2.4 9.8 1.0 1.3
18-24 N.D. N.D. N.D. N.D.
cs 0-6 50 70 N.D. N.D.
Clo0 0-6 530 N.D. 540 24
6-12 6.2 670 4.6 1.3
Cll 0-6 30 N.D. 22 1.1
6-12 1.5 1.8 N.D 1.0
12-18 1.5 1.7 N.D. 0.8
18-24 1.4 1.8 0.91 1.1
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. able 4. (cont'd.) Anezlyses of subsurface soil samples
2 3 - 5
. Depth ‘26Ra 2.;8U 2.;7AC ‘QzTh
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.€ N.D. 0.95
12-18 1.6 23 N.D. 1.3
18-24 16 42 20 1.4
Ci5 0-6 140 220 €5 4.3
6-12 240 220 220 N.D.
L2-18 200 3.0 210 2.5
18-24 3.0 190 N.D. N.D.
Cl: C-6 46 73 23 N.D.
6-12 4.2 4.1 N.D. 1.2
12-18 3.0 1.9 N.D. N.D.
18-24 1.9 2.0 N.D. 1.4
Cl1s3 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.

Shown in Fig. 16.
N




230 22 232 251 227 226

Sezole Th “““Th Th Pa Ac Ra
lzcztien (pCi/g) (pCi/g)  (pCi/g (pCi/g)  (pCi/g)  (pCi/g)

<13 3€,000 N.F.° N.F 900 00 present
Fig. 13

gz- 18,000 N.F. N.F. 200 <1800 present
Tig. 15
T=zz= barrel 20,000 9,000 9,000 <90 <90 9,000
fzond tetween
sTid ccints
F1g znd G19
o

~2 a2ctivities listed here represent only the activities available by
=0t HC1 leaching (norma2lly between 50 and 100%).

b:o: Tound.




Table G. Concentrations of ZIOPb, 226Ru, and 230Th in water and sediment samples
Water s .. Sediment
2 “)Pl) 226Rn 23(),“l 21()',') 22()Rzl 230“‘
Sample Location (pCi/ml) (pCi/ml) (pCi/ml) (pCi/g) (pCi/g) (pCi/g)

Outfall of property

at Coldwater Creek 0.007 & 0.001 0.002 + 0.001 0.002 ¢ 0.001 55.9

Jo

8.1 4.19 % 1.35 91.9 * 6.3

Coldwater Creck, ~2miles

, : <0.001 <0. 001 0.0005+ 0.0005 ---—————- 0.063 + 0.153  0.252 + 0.248
downstrcan from site
itg:;:':csc"" at latty 0.007 £ 0.003 0.001 t 0.0005 <0.001 18.0 ¢+ 5.0 <0.014 4.96 ¥ 0.90

RCCN (soluble) 0.1 0.03 2.0 - - -




Tablo 7. Radon conconlrantions in aiv in Daitdings 1, 2, 3, and

M x Fium Average
" Namber of concentralion concent ration
Wi bding lLocation readings (pti/titer) (pCifliter)
1 : Near grid
point H4 a7 37.0 16.5
1 Near prid
point 83 34 57.0 19.1
1 Necar grid
point I'3 35 25.0 20.3
] Near grid
point [2 15 9.3 5.8
2 Between grid
points B2 and
B3 10 7.0 2.7
3 Center of 10 1.0 0.5
building
4 Office, SE corner
of building 88 5.8 1.9
7] Office, east side
of building 88 3.7 1.5

Merers to grid tocations shown in Fig. 3 for Building 1, Fig. 7 for Building 2, and Fig. 11 for Building 3.

b . . .

Radon was measured continuously over periods of approxmately 24 hr; however, concentrations were recorded at
intervals of 2000 sec. Becanse some riadon and progeny (rom previons 2000 sec intevvals 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 Zer uncontrolled zreas
Air Water
Nuclide Comrpound pCi/ml pCi/ml
-1 -la - -6
Ac 227 st 8 x 107,73 2 x 10,
Ac 22 I @ x 10 > x 10
-14 - -8
Pu 239 s 6 x 10732 5 x 1008
Py 23¢ I 1 x 10 °° 3 x 10
=12 -
Ra 226 5 5x 10052 5% 100;
Ra 226 I z2x 10 °° 3 x 10
Pa 231 s 4 x 10713 9 x 107]
pa 231 1 4 x10 2x10°
-11 - -7
Rz 223 S 6 x 10 ;- 7 x 10_¢
Ra 223 I 8§ x 10 °° 4 x1
-14 ;=6
Th 230 S 8 x 10 _,4 2x 10 ¢
Th 230 I 5 x 10~ 3 x 10
Zsoludble.

b ..
Insoiubdle.




APPENDIX 1

DESCRIFTION OF RADIATION SURVEY

METERS AND SMEAR COUNTEZRS
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RADIATION SURVEY METERS

Alpha Survey Meters
Tre type of alpha survey meter used at this site to measure alphz

radicactivity on surfaces uses a InS scintillator to cetect the alpha

Tr.e alpna scintillation survey meter consists of 2 large zrea

ZnS detector with a photomultiplier tube in the probe which

is cocupled to a portable scaler/ratemeter (see Fig. I-A). The InS
deteczcr is covered with a 5-mil aluminized mylar sheet in order to make
the instrument light-tight. A metal grid is used to avoid puncturing
the myla& when surveving rough surfaces. This instrument is capable of
meastring alpha surface contamination levels of z few dpm/100 cmz

tut nus+t be used in the scaler mode for this purpose. IL is highly
seleczive for densely ionizing radiation such as alpha particles; the

instruzent is relatively insensitive to betz and gamma radiation.

Beta-Gamma Survey Meter
A portable Geiger-Muller (G-M) survey meter is the primary instru-
ment for measuring beta-gamma radio;ctivity. The G-M tube is a halogen-
quenched stainless steel tube having 2 50 mg/cm2 wall thickness and
presenting a cross-sectional area of approximately 10 cm”. Since the
G-M tube is sensitive to both beta and gamma Tadiation, measurements

z-e tzken in both an open-window and a2 closed-window configuration. Beta

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




rezding can be determined by taking the difference between the open-
and closed-window rTeadings. This wmeter is shown in Fig. I-B.

The G-M survey meters were czlibrated by comparison with a pre-
calibrated Victoreen Model 440 ionizztion chamber (Fig. I-C). The open-
window calitration faclor was found to be 2000 cpm per mR/hr for suzfaces

. coy 226, . oy i ... 238 N
contaninated with R2 in equilibrium with U and 2300 cpm per aR/hzr
Zor surfaces contaminated with initially pure uranium. The lower
figure was Toutinely applied. The closed-window fgamma) calibration

226

factor, determzined by use of a2 N3S standard Ra source, was 3200 cpm

per =R/h=.

Gamma Sciﬁtillazion Survey Metzer
A portazble survey meter dsing a2 Nal scintillation probe is used to
mezsure low-level gamma radiation exposure. The scintillation probe is
2 3.2 x 3.8-cx Nal crystal coupled io 2 photomultiplier tube. is
probe is connected to 2 Victoreen Model Thyac III ratemeter (see Fig. I-D).
This unit is capable of measuring radiation levels from a2 few uR/hr
to several hundred uR/kr. This instrument is czlibrated at ORNL with an

226

NBS standaxd Ra source. Typical calibraztion facters are of the order

of 300 cpm/uR per hr.
SMEAR COUNTERS

Alpha Smear Counter
This detector assembly, used for the assay of alpha emitters on
smear paper samples, consists of a light-tight sample holder, a zinc
sul<ide phospnor and a.photomultiplier tube. Thals detector assembly was

used with electronic components housed in a portatle NIM bin (see Fig.
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i-z3 “he electronics vackage consisted of a preamplifier, a ORTEC 436
nigh voltaye power supply, a Tennelec TC Z11 linear amplifier and a

Tennelec TC 343 counter-timer.
The zlpha smear counter was used in the field and was calibrated

daily using an alpha source with a known disintegration raze.

Beta Smear Counter

The beta smear counter consisted of a thin mica window (v 2 mg/cmz)
G-M tube mountec on a sample holder and housed in a 23-cm diam x 35-cm
high lead shield. Located under the counter window is a slotted sample
holder, accessible through a hinged door on the shield. An absorber can
be interposed 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 Tennelec 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 beta
activity on smear papers and was callorated daily using a beta standard
of known activity. Since the beta smear counter usually shows a relatively
high background (typically 12 to 20 cpm) and has 2 relatively low ef-
ficiency (v 6%), accurate measurement of very low-level beta contamination
on a single smear would reguire a count of several minutes. Because of the
large numper oi smear samples tc 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 exampie, if 25 smear samples
show Aan averayge transferable beta contamination level of 30 cdpm/100 cmz,
there is 2 probability of approximately 68% that the actual average

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

TECENIQUES FOR THE MEASUREMENT OF RADON AND

b e

RADON DAUGHTER CONCENTRATIONS IN AIR



222
TECHNIQUE FOR THE MEASUREMENT OF ““7“Rn PRCGENY CONCENTRATICNS IN AIR
An alpna spectrometry technique has been developed for the measure-

e inle)
Ll s . . . .
nment of Rn progeny concentrations in air. From cne integral count of

218 . o \ . - 214
the Po alpha activity and twc integral counts of the ! Po alpha

o . . . 218 214 . . 214
activity, the concentration in &ir of re, Bi, and TPH may bde
calculated.

99

Particulate “““Rn daughters zttached :to airbcrne dust are collected

on 2 membrane filter with a pore sicze of 0.4 microns. A sampling time

Hh

0of 5 min and a2 flow rate of 12 LPM are used. This filter samrle is then

placed under 2 silicon surface barrier detector and ccunted. The detecIoT

and counting system used for radon daughter measurements are shown in
Fig. II-A. Usually, counting of this kind is perZormed wiih a vacuum
between the sample and the detector which requires a complicated sample
holder and time-consuming sample changing methods. Experiments at this
laboratory have shown that ease in sample hzndling is obtained with‘
.little loss in resclution when helium is used as a chamber £ill gas. In
this counter, helium is flowed between the diode and the filter sampie,
wnich 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
counts of the 214?0 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.

iy 222 .
The equations describing the “““Rn progeny atoms collection rates
on the filter are of the form
dni(t}
= C.v + X, n. t) - A.n. (% 1
dt CiY -1 P31 (®) 373 (%) (1)



where

- b
ny o= number of the i~ species of atom cn the filter as a function of
Time,
R . . .th . . =1
AT radioactive decay cons:zant 0f the i" species (min ),
. . .th . -1 :
Ci = concentration of the i species (atoms 1 ~), and

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

The soiution of Eq. (1) is of the form

-ax . - ax
v = e < L}O =/ F(x) e dx]
From the general form of the solution, specific egquztions can be

222

obtained describing the number of each Rn deczy product collected on

the filter 2s a function of time. Also by letting v = 0 in Eg. (1), =
R L. 22 .
set of equations describing the decay on the filter of each ~~~Rn pro-
222

geny can be obtained. The equations describing the decay of Rn

progeny on the filter can be integrated and related to the integral

Hy

counts obtained experimentally. Values for the totzl activities o
218 214 . 214, . . - .. . i

Po, Pb, and Bi on the filter at the end of sampling avre obtained
bv applying matrix techniques. The airborne concentrations are obtained
ov solving the equations describing the atom collection Tates on the
filter. A computer program has been written to perrorm these. matrix
operations, 10 calculate the air concentrations of the radon progeny, and
to estimate the accuracy of the calculated concen::atiops.

The procedure described above was applicable in Building ¢ on the

Lztty Avenue site but was not applicable in Buildings 1, 2, and 35 be-

R -~ 220 . 218 , .
cause of the presence of zirborne R anc Rn in thcse structures.



The alpha energies of some daughters ¢f these racdicnuclides are nearly

indistinguishable (by zlpha spectroscopy methocs) from the alpha energies

222 211 219

cf some daughters of ~~“Rn. However, Bi, a cdaughter of """Rn, was
ci oo . . . - 222 . 220, .
distinguished from daughters of Rn and Rn by teking two 10-min

counts separatec Dy an interval of 30 min. Also, the concentration of
Th-2 and Th-C were estimazted by counting immediately after sampling and

zin 2t 5 hr after sampling.

m

TECANIQUE FOR THE MEASUREMENT OF RADON CONCENTRATIONS IN THE AIR
222
Wrenn Chambers were used for the measurement ol “““Rn concertrations

in a2ir. The Wrenn Chamber operates on the principie that RaA ions are

14

positively charged. Radon is allowed to diffuse through a foam-rubber-
covered, hemispherically shaped metal screen, wnich filters radon daughters.
As radon deczys, after diffusing into the cavity, RaA ions are attracted

to 2 thin aluminized mylar film which is stretched over a zinc sulfide
scintiilztion detector. The potential between this alumini:zed z=yler

$ilm and the hemispherically shzped wire screen creates a st-ong eleciTic
field which serves to attract the charged ions. The ions thus att-acted
~ema2in on the surface of the mvlar film and continue their radiocactive
decay to other radon daughters. The principal radiation detected by 2
radon moniter of this type is the alpha particles Zrom RaA and RaC'.

The Wrenn Chambers zre calibrated ty using a known radon source.



APPENDIX III

DESCRIPTICN OF Ge(lLi) DETECTOR AND

SOIL COUNTING PROCEDURES




DESCRIPTION CF Ge(Li) DEZTECTOR SYSTEM

A holder for =weive 30-cm” polyethylene bottles (standard containerTs

counting of radiocesctivity in environmental samples (see Figs. IIi-A,

III-E). uring counting of the samples, the holder is used to positicn
ten ¢ the sample botrtles around the cylindrical surface of the detecticr,
paraliel to and symmetric about its axis, anc twe additional bottles

2¢Toss the end surface ¢f the detectcr, perpendicular t0o and symme:zric

. . . . - 3 : . . -
with its a2xis. With 2 300-cr” sample and z graded shield developed for
- s s 2 1a - . e 232 226
use with the system, it is pessible To measure 1 pCi/g of Th or 7~ Ra

297
with an error of = 1C0% or less and Ac within an error of = 30%.

Pulses are sorted by a 4096-channel anzlyzer (see rig. I1II-C),
stored on magnetic tape, and subsequently entered intc a computer progTanm
which uses an iterative least sqguares method to identify radionuclides
cerresponding to those gamma-ray lines found in the sample. The program,
which is accessible tnrough 2 remote terminal, relies on a library of
radioisotopes which contains approximately 700 isotopes and 2500 gazma-
Teys and wnich runs continuously on the IBM-360 system at ORNL. In
identifying and quantifying 226Ra, six principal gamma-ray lines are

- 214,. . R
anzalvzed. Most of these are Irom Bi and correspond to 295, 352, 609,

. . - ) . z38., .
1120, 1765, and 2204 KeV. An estimate ¢ the concenctraiion cf U is
. . PR e wnr s . e . 234
obtained from an analysis of the 95 KeV line Irom 1ts daughter Th.




Holder for Ge(li) detector systoem.

TTI-A.
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APPENDIX IV

PERTINENT RADIOLOGICAL REGULATIONS,

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

OR SPECIAL NUCLEAR MATERIAL

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

Washington, D.C. 20535

November 1976
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astructions in this guide in conjunction with Table IV-1 specify the
activizy and radiation exposure rate limits which should be used
cczpliishing the decontamination and survevy of surfaces or prexises
quiprer: rior to abandommen: OT Telease Ior unrestricted use.

imizs in Table I do not apply to premises, ecuiprment, ST screp

ining induced radiocactivity for which the radiological considera-
pertinent to their use may be diiferent. The release of such

c'lit-es or items from regulatory control will be considered on a
e-oy-case basis,

The licensee shall make a2 reasonable effort 10 eliminate residual
contzmination.

Radioaztivity cn equipment or surfaces shall not ve coversd by
paint, plating, or other covering material unless contamination
levels, as determined by a survey zand documented, are below the
limits specified in Table I prior to applying the covering. A
~easonable erffort must be made to minimize the contaminztion
prior to use of any covering.

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

or ductwoTrk shall be determined oy making measurements at all &fraps,
and other annropr*a’e access points, provided that contaninztion

at these locztions 1s likely to be representative of contaminzticn

on the interinv of the pipes, 2rain lines, or ductwork. Surfaces

of prerises, equipment, or scrap which are likely to be contzzinated
but a2re of such size, construction, or location as to make the

vrface inaccessible for purposes of measurement shall be presumed

to be contarminated in excess of the limits.
Upon request, the Comzission may authorize a licensee <o 'e’inq'ish'
possession or control of premises, equipment, Or scrap having surfaces
contaminated with materizls in excess of the limits specified. This
may include, but would not oe limited to, special circumstances such
as razing of buildings, transfer cr premises o another organization
continuing work with radicactive materiais, or convec-sion of facilities
to 2 long-term storage oTr standby status. Such request pust:

a. Provide detziled, specific information describing the
premises, equipment oT scrap, Tadioactive contaminants,
and the nature, extent, and degree of residuzl surface
contamination.

b. Provide a2 detailed health and safety analysis which reflec:s
that the residual amounts of materials on surface areas,
together with other considaerations such es prospective use
of the premises, ecuipment or scrap, are unlikely to
result in ar unreasonable risk to the health and safety

£ <he public. ‘




U
‘U

so0 Telease of premises for unrestricted use, the licensee
make 2 comprehensive rTadiation survey whicn establishes that
inazion is within the limits specified in Table I. A copy

e survey report shall be filed with the Division orf ruel Cycle
ané Mzterial Safety, USNRC, Washington, D.C. 20335, and zlso the
Director of the Regional 0ffice of the Ofiice of Inspection and
Znforcement, USNRC, having jurisdiction. The report should be
filed at least 30 days pricr to the planned date of abandonment.
The survey rTeport shall:

oo
P
[ L

g [ g}

n

o nWuw

Hy O

o g

a. Identify the premises.

b. Show tha:t Treasonable effort has been made to eliminate
Tesidual contamination.

c. Describe the scope of the survey and generzl procedurses
followed.

d. State the findings of the survey in umits specified in
the instzuction.

Foliowing Teview of the report, the NRC will comsider visiting the .
facilities to confirm the survey.



TABLE TV-1

ACCEPTABLE SURFACE CONTAMINATION LEVELS

bef hdf b e

NUCLIDES" AVERAGE MAX TMUM REMOVABLE £
U-nat, U-235, U-238, and 5,000 dpmn «/100 cm2 15,000 dpm «/100 cm2 1,000 dpm «/100 sz
associated decay products

I

Transuranics, Ra-226, Ra-228, 100 dpn/100 cm2 300 dpm/100 cm2 20 dpm/100 cm2
Th-230, Th-228, Pa-231,
Ac-227, 1-125, 1-129
Th-nat, Th-232, Sr-90 1,000 dpm/100 cm2 3,000 dpm/100 cm2 200 dpm/100 cm2
Ra-223, Ra-224, W-232, I-126,
1-131, 1-133
fleta-gamma emitters (nuclides 5,000 dpn fy/100 cm2 15,000 dpm By/100 cm2 1,000 dpm By/100 cm2

with :iccay modes other than
alpha ewmission or spontancous
fission) excoept SR-90 and
other noted above.

"Whevo surface comtamination by both alpha- and beta-gamma-emitting nuclides exists, the limits cstablished for alpha- and
heta-gamma-emitting nuclides should apply independently,

I‘I\s used in this table, dpm (disintegrations per wminute) means the rate of emission by radioactive material as determined
by corrvecting the counts per minute observed by an approprince detector for hiackground, efficiency, and peometric factors
associated with the instrumentation.

c . .
Mecasurcments of average contaminant should not be averaged over more than 1 square meter. Uor objects of less surface
nrea, tho average should be derived for onch such object.
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TABLE IV-1 (cont'd.) !

L. . 2
“rhe maximum contamination lovel applies to an area of not more then 100 cm”.

“the amount of removable radioactive material poer 100 cm2 of surface area should be determined hy wiping that area with
dry filter or soft absorhent paper, applying modernto pressuro, and assessing the amount of radioactive material on the
wipe with an appropriate instriment of known efficiency. When removable contamination on ohjects of less surface arca
is determined, the pertiaent levels should ho roduced proportionally and the entire surfaco should be wiped.

f.. . .

Ihe average and maximun radiation levels associated with surfaco contamination resulting from beta-gamma emitters shounld
not exceed 0,2 wrad/hr at 1 cm and 1.0 mrad/hr at 1 cm, respectively, measured through not more than 7 milligrams per
square centimeter of total ahsorber.



Proposed

ANST X3528-167

Proposed American National Standard

Control of Radiocactive Surface Contamina*ticn
on Materials, Equipment, and Facilities %o be

Released for Uncontrolled Use

Secretariat

Health Physics Society



Property shall not be released for uncontrolled use unless documented
mezsurements show the total and removable contaminzticn levels to be
nc grezter than the values in Table IV-2 or Taple IV-5. Table IV-5
is ezsier to apply when the contaminants cannot be individually
identified.) '

Where potentially contaminated surfaces are not zccessible for measure-
ment (a2s in some pipes, drains, and ductwork), such property shall not
be reieased pursuant to this standard, but made the subject ¢I case-by-
case evaluation. Credit shall not be taken for coatings over contam-
inatior.
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TABLE 1IV-2
SURFACE CONTAMINATION LIMIT

— * 2 .
ine levels may be averaged over the 1 m provided the maximum activity
. - 2 . R 5 R
in any area of 100 ca” is less than 3 times the limit value.

Limit (Activity)

dom/100 cm®

Nuclide
Total Removable

Group 1: Nuclidgfsfor wgich the nonoccupational
MPCa** is 2 x 10 Ci/m” or less-9r forswhich <the

ronocsupaticnal MPCW’** is 2 x 10 Ci/m” or less;

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

-251, -252; Cmn-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 Grou91} for which

the noneccunational MPC_** is 1 x 10 Ci/m” or

less or for which the nonoccupational MPC *** is 1,000 200
1 x 10 ° Ci/m” or less; includes Es-254; Fm-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
Toup 2. 5,000 1000

*See note following Table 2 on application of limits.

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

**+MPC : Maximm Permissible Concentration in Water applicable to mem-
bers o- the public.

****\'alpes presented here are obtained from 10 CFR Part 20. The most
limizing of all given MPC values (e.g. soluble vs. insoluble) are to be
used. In =he event of the occurence of mixture of radionuclides, the
£raction contzibuted by each constituent of its own limit shzll be de-
termined a2né the sum of the fractions must be less than 1.



TABLE IV-3
ALTERNATE SURFACE CONTAMINATION LIMITS
(All alphz emitters, exéept U-nat and Th-nat are considered as a group)
The levels may be averaged uver 1 mz' Provided the maximum activity in
any area cf 100 cm2 is less than 3 times the limit value.

Limit (Activity)
-
dom/100 cm”

Nuclide
Total Removable

1< the contaminant caanot 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; andé beta

emitters are present which, while not 1,000 200
o~ o

identified, do not include Ac-227, I-125,
I-129, Ra-226 ané Ra-228.

I£ it is known that alpha emitters are

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

the beta emitters, while not identified, 5,000 1,000
do not include Ac-227, I-125, I-129, Sr-90,

Ra-223, Ra-228, 1-126, I-131 and I-133.

*NOTE ON APPLICATION OF TABLES 1 AND 2 TO ISQLATED SPOTS OR ACTIVITY:

. 3 - .
For purposes of averaging, any m~ of surface shall be,considered to be
contazinated above the linit, L, applicable to 100 cm”™ iZf:
a. From measurements of a representative number, n, of,sections, it is

determined that 1/n ISi > L, where Si is the dpm/100 cn”™ determined from
measurement of section i; or

2 .. . .
b. On surfaces less than 1 m~, it is determined.,that 1/m ISi > AL,
. . . .. s 2, n -
where A is the arez of the surface in units of m™; or

c. t is determined that thg activity of all isclated spots or particles
in any area less than 100 ca~ exceeds 3L.
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SURGECN CGENERAL'S GUIDELINES

Part 712
Grand Junction Remedial Action Criteria

Federal Register, Vol. 41, No. 253, pp. 56777-8, Thursday, December 30, 1576

PART 712 - GRAND JUNCTION
REMEDIAL ACTION CRITERIA
712. 1 Purpose
(2) The regulations in this pazt establish the criteria for deter-
mination by ERDA of the need for, priority of and selection of appropriate
Temedial action to limit the exposure of individuals in the area of
Graznd Junction, Colo., to radiation emanating from uranium mill ctailing
which have been used as construction-related materizl.
(b) The regulations in this part are issued pursuant to Publ. L.

92-314 (86 Stat. 222) of June 16, 1972.

~}

13.2 Scope
L4
The regulations in this part apply to all structures in the area of
Grand Junction, Colco., under or adjacent to which uranium mill tailings

hzave been used as a construction-related material between January 1, 1951,

ané June 16, 1972, inclusive.

712.3 Definitions

As used in this part:

(a) "Aéministrator’ means the Administrator of Energy Research and
Development or his duly authorized Trepresentative.

(b) "Area of Grand Junction, Colo.,” means Mesa County, Colo.
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(c) "background'" means radiation arising from cosmic rays and
radioactive mzterial other than uranium mill tailings.

(¢) "ERDA" nmeans the U.S. Energy Research and Develcpment Administra-
tion or any cduly authorized representative thereof.

(e) "Construction-related material' means any material used in the
construoction of a structure.

(Z) "Externzl gamma radiation level' means the average gamma
radiztion exposure rate for the habitable area of a structure a2s measured
near floor level.

(g) "Indoor radon daughter concentration level" means that concen-
tration of radon daughters determined oy: (1) Averaging the results of
€ air samples, each of at least 100 hours durstion, and taken at a minimum
0f 4-week intervals throughout the year in a habitable area of a structure,
or (2) uzilizing some other proecedure svproved by the Commission.

(n) '"Milliroentgen (mR) means 2 unit equel to one-thousandth {1/1000)
of a roentgen which roentgen is defined as an exposure dose of X or gamma
radiztion such that the associated corpuscular emission per 0.001293 gram
of air produces, in air, iomns carrying one electrostatic unit of quanticy
of eiectricity of either sign.

{i) "Radiation' means the electromegnetic energy (gamma) and the
particulate radiation (alpha and beta) which emanate from the radiocactive
decay of radium and its daughter products.

(3) '"Radon daughters' means the consecutive decay products o radon-
222. Generzlliy, these include Racdium A (polonium-218), Radium B (lead-214),

Racdium C (bismuth-214), 2nd Radium C' (polonium-214).




(k) '"Remedizl action' means zany action taken with & reasonable ex-
’ pectztion of reducing the Tadiation exposure resulting from uranium mill

tailings which have been.used 2s construction-related material in and
a2round structures in the arez of Grand Junction, Colo.

(1) "Surgeon Generzal's guidelines'" means radiztion guicdelizes re-
lat o uranium mill tzilings prepared anc relezsed by the Office of
the U.S. Surgeon General, Department of Health, Education and Welfare on
July 27, 19870.

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

involved in the Federal uranium procurerment program.

ct
l.l
Q
=]

(n) '"Working Level" (WL) means any combinatiorn of short-lived radon
daughter products in 1 liter of zir that will Tesult in the ultimate

emission of l.leOs MeV of potential alpha energy.

. 712.4 Interpretations

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

Counsel will be Tecognized to be binding upon ERDA.

712.5 Communications

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

Developrment Administration, Washington, D.C. 20545.

712.6 General radiztion exrosure level criteria for remedizl action

The basis for undertzking remedial agtion shall be the applicable
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geidelines publlished by the Surgeon General of the Unitec States. Thnese
guidelines recommend the following graded action levels for Temedial
acticn in terms of external gamma ra;iation level (EGR} and indeor racen
daughter concentration level (RDC) zbove background found within dwellings

constructed orn oT with uranium mill tailings:

=GR RDC Recozmendzation

rezter than 0.1 .Greater than Remedizl acticn indicated
@mR/hr. : 0.CS WL.

From 0.05 to 0.1 From 0.01 to Remedial action may be
mR/hz. 0.05 WL. suggested.

Less than 0.05 Less than 0.01 N¢o remedial action in-
nR/hr. WL. dicated.

712.7 Criteria for determination of possible need for remedial action

Once it is determined that a possible need for remedialhacticn 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 ané to ascertain the most appropriate remedial measure, if any. A
determination of possible need will be made if as a result of the presence
of uranium mill tailings under or adjacent to the structure, one of the
following criteria is met:

(2) Wnere ERDA approved data on indoor radon daughtier concentration
levels are avzilable:

(1) For dwellings anc schoolrooms: An indeoor radon daughter con-

centration level of 0.01 WL or greater aocove backgrounc.
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2 Fer other structures: An indoor radon daughter ccncentrztion
level of 0.03 WL or greater above background.

(o) Wwhere ERDA approved data on indoor radon daughter concentration
levels are not available:

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

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

(A) Iz maf be presumed that if the external gamma radiation level
is ecuzl to or exceeds 0.02 mR/hr. above background, the indoor radon
daughter concentration level eguals or exceeds 0.0l WL above background.

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

(C) 1If the external gaxzma radiation level 1s equal to or greater
thza 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
daucghter concentration level.

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

(ii) No presumptions shall be made on the external gamma radiation
level/indoor rTadon dzughter concentration level relationship. Decisions
will be made in individual cases hased upon the Tesulis of actuzl measure-

zents.
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Determination of pussible need Zocr remedial action where

~J
-
[N
on

criteriz hzve not been met
The pcssible need for remedial action mazy 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 arez, distribution of radiation levels in the affected arez,
zmount oI tailings, age of individuals occupying affected area, occupancy

time, znd use of the zffected area.

712.9 Factors to be considered in determination of order or priority
for remedial action.

In determining the order or priority for execution of remedial action,

-

consideration shall be given, but not necessarily limited to, the following

factors: )

(2) Classification of structure. Dwellings and schools shall be
considered first. _ )

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

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

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

the highest radiation levels will be given primary consideration.
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