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In May 1979 a complete radiological survey was conducted of the
L Industrias, Inc. Nisgara Falls, New York manufscturing site. The
manufscturing process used beach ssnds containing naturally oceurring
radionctive materials for the production of rare earth chemicals. Radi~
ation surveys vere performed throughout the site to determine the levels
of residual contamination of the site from these natural radionuciides,
Samples of air, groundwater and soil were taken and analyzed to determine
comcentrations of these radioactive meterials in the environment. Sur~
veys of ambient radistion levels wvere also made at the site perimeter and
at key manufacturing points on the site,

Current information was gathered concerning established radiation
and concentration limits for meterials allowved to be released to the
public. The criteria are used to evaluate the radiological profile of
the site and to determine 1if additional surveys are required. Results
of this comparison indicate that concentrations of radicactive materials
in air, groundwater and soil are well within the strictest velease cri-
teria. Radiation surveys along the site perimeter and on the site area
are in the range of normal background. One measurement inside the manu-
facturing warshouse which is used to store a&ll product materials only
slightly exceeds the strictest reference criteria,




The NL Industries site consists of approximately 28 acres front-
ing on Hyde Park Boulevard and lying wholly within the town of Niagara
Falls, New York. (See Pigure 1,) Slightly less than one half of the
site is improved with manufacturing, warehousing a#nd transportation faci~-

The western, improved section isg relatively flat, and the site in
general slopes from the southeast corner to the north and west at the
rate of approximately one foot per 100 feet., Surface water drains in a
northerly direction into Bloody Run Creek. The creek flows east to west
along the northern boundary and turne north st about mid-point of the
property line. The ground is relatively level bedrock covered with clays
and sbout one and one~half feet of loam.

The NL Industries Niagara Falls site was used for the manufacture
of rare earth chemicals derived from various beach sand components.
These sands which are used in the rare earth process contsin natural
radioactivity, The naturally occurring radioactive materials in these
sands are thorium (Th) and uranium (U) and their radioactive decay pro-
ducts, or desughters, including radium (Rs) and its daughter, radon (Rn),
the only decay product present as & gas.

2.2 Radiological Release Criteria

Because of the presence of beach sands and vaste sands at rare
earth processing facilities, attention has recently been focused on the
environmental radiological impact of this industry. In assessing these
types of sites various standards and rules have been used to formulate
releage criteria. These criteris are generslly accepted as sufficient
requirements for the relesse of materials and the decontrol of areas,
and for the protection of man and the environment from unnecessary radi-
ation., Appropriate criteria for the sssessment of the NL Industries
Niagaras site have been derived from the references and are tabulated in
Table 1 for corcentration of rsdiosctivity in soil, air and groundvater
samples and ambient radiation levels,
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SUMMARY OF REFERERC. CRITERIA LIMITS FOR
ACCEPTABLE RADIATION LEVELS AND CO CENTRATIONS IN SOIL, WATER AND AIR
FOR UNCONTROLLED AREAS

- Ref. 2, Eag, et : sl
Oregon a%tt’z 30 pCi/l Ra-226 -03 m’:‘ ﬁ;"”
EPA Region 11 5 pC1/g Th-232

5 pCi/g Ra-226

Ref. 3, 12NYCRR3B 5% by weight 2000 pCi/i Th(mtufal)l 3000 Pﬂiiﬂj
source material 7000 pCi/1 Th-228 Rn-222
(5000 pci/g Th-232) 2000 pCi/1 Th-230 1
2000 pCi/1 ’E‘it-?)i
30 pCif) Ra-226
2 x 10”7 pC1/1 ﬁ(natural)

. Ref, &, WS Task 2

TOCFRA0. 4

(preferrved criter1a)150 pCi/g B-238

POT and US Army 2000 pCi/g
source material

Healy 2000 pCi/g U-238
Canada LY

@

(US Surgeon General)

A In soluble form. Limits for insoluble forms of these nuclides are the same or higher than the lhsdts
for the soluble form,

Radiation Level

057 alRihr

057 s/ hr for
unlinited exposure
«25 mR/br for

40 hour/week
exposure

-05 wit/hr indoors
.1 mR/hr outdoors

.05 wlt/hr




A variety of radistion surveys and environmentsl samples were
taken throughout the site to assure thi: any suvironsental contamination
from the meterials used or stored on the site would be detected.

3.1 Purpose of Surveys

The three primsry pathways for radioactive materiazls into the en-
wironment are air, wster and soil; therefore, sampling procedures included
all of these, In addition, smbient radiation isvels were determined.

All samples taken were analyzed for the appropriste isotepes of uranium,
thoriue and radium in soil, snd for radon in air. Onsite sampling loca~
tions were selected to most likely represent sources of contaminated
water, soil and air,

Background samples sr.d measurements, which were fdentical to sctual
sasples but without the source of contaminetion, were taken for sir and
soil samples and radistion levels to determine natural environmental le-
wvels of radistion. By comparing samples with backgrounds s more accurate
assessment of asctual contamination from other sources can be made,

The samples were taken and snalyzed to conform to the release
criteria as established in the references. A cowparison of the worst
cases found and the strictest criteria limits is tabulated for sasy
reference in Table 2.

To obtain scil samples a backhoe was used to muake excavationg in
eight locations on the waste disposal area. Figure 2 illustrates the ex~
cavation locations., Holes vere dug to a depth slightly below visible
groundwater, to the limit of the reach of the hoe, or until the aachine
encountered bedrock which 1t could not penetrate. The excavations were
visually checked for stratification and samples of each type of soil
were taken in holes where distinct layers were evident. A total of four-
teen woil samples were collected from the eight holes and were split and
anslyzed by two independent laboratories. Table 3 shows the results of
the soil sample analyses for esch of the samples. Bole nunmber 3 is con-
sidered a representative background sample, as soil conditions indicated
that the ground in this area had not been disturbed and preliminary radi~-
stion surveys of this excavation were of normal background levels.

Results of soil sample analyses indicete that uranium, thorium

and radium concentrations present in the soil are very low and well
within 1imits of the strictest criteria. ‘

-




of Strictest criterias limits for scceptable radiation levels and concentrations in soil, witer and sfir

TABLE 2
COMPARISON TABLE

for relesse to genersl public and worst cases found in survevs of Wi Industries site,

1.

Boles 3, 6b)
Hole 6b)
Hole 2b)

. Hole Zas)

Roles 2a) and &)

Hole 2

Hole 2

Hole &

Hole 2

Bole 2

On site, locati-n 8 (warehouse)
Site Perimeter

On site, location § (warvehouse)

Site Periweter, location 11

130 + 10 pCi/nd Rn-222

.0013 + 0001 W1, Rn-222

06 mR/hr
02 sltibr

S pCi/g Ra-226

S pCt/g Th-232
150 pCi/g U{natural)

30 pC1/1 Ra-226

7000 pC1/1 Th-228
2000 pCi/I Th-230
2000 pCi/1 Th-232
2000 pC1/1 Binatursl)
{6000 ug/1)1

3000 pCi/m® Rn-222
.01 W

<05 mRt/hr
05 wilk/hy

™
®

(&)
(&)

! 2000 pc1/1 U(natural) converted to me/1 by use of special curie unit, which 1s wsed to relste activity
of uranfum in equilibriwm with its daughters and in natural concentrations of lsotopes to mass,




$a83)8 #jdups [J08 jOo WOIINI0]

*z *and1a

I

.- m W e~ e

34434013

USRSV - . 1




Excavation

Saple
Identification

Radiem-226
pcil/g

a) 1 foot level

~ b) 8 foot level

a) top
b) bottom

Single sample

{Background)
&) black soil
b) browm soil
¢) red soil

" d) tan soil

Single sample

8) black soil
b) bottom
) brown soll

6.5 + 0.01
0.2 ¥ 0.01

0.3 ¢+ 0.04
0.3 * .01

l.a i ﬁ‘l

0.7 + 0.02
0.5 % 0.01
0.8 + 0.01

1.0 *+ 6.1

m%*ﬁﬁt

0.7 + " 0.01

po@

*

TASLE 3

Thoriom-228

pCi/g

Thoviam-2%

pCi/g

TRATIONS OF URANIUM, THORTUM AND RADIUM TN Sort smeres‘!
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3.

Croundwater sesples were obtained from test wells which were dug
st the eight excavetion sites with & rotary drill. These locations are
shown in Tigure 3. Groundvater along the northern side of the property
had & pungant odor and oily character which may indicate incursion of
chenicals from the adiacent landfill. At three locations rock was en-
countered before groundwater wes found. Water ssmples were analyrzed by
two independent lsboratories for urmnjum, thorium and radium. Results of
water sample snalyses are presented in Table 4. All concentrations ave
within the range of accepted criteris and are in some cases lass than
171000 of the recommended releass level,

Alr samples were taken at & variety of locations throughout the
site to sample for radon gas. A total of 16 samples vere taken all
slong the site boundary at approxisately 300" intervals, and sight addi-
tional sasples wers taken at key menufacturing sites inside bulldings in
the improved section. See Figure 4 for air sampling locations. A bdack~
ground sample was taken in a remote ares sapproximately one mile northeast
of the NL Industries locsetion,

Alr samples were taken by positioning a Staplex high volume sir
ssmpler on & tripod to spproximste 8 bresthing zone sample. Alr sauples
were counted for alpha particle activity as described in Appendix A, and
radon concentration in air was determined according to Appendix C.1I.

Results of air sample analyses sre listed in Tables SA and 5B,
fesults are tabulated both in unite of radioscrivity per unit volume
(picocuries per cubic meter) and working levels (WL) so that comparison
with reference criteria is more straightforward. Air samples indicate
that all sirborne concentrations of redon gas are well within recommended
criteria for both onsite and perimeter surveys.

suli

Measurements of smbiant radistion levels were taken at each loca-
tion where air ssmpling was performed, {(See Figure 5,) Radiation sur-
veys wers tsken with & PEM-7 micro-R meter held st approximately waist
level. Survey protocols are described in Appendix A and instrument speci-
fications and calculations are described in Appendix B and €I respectively.
The background measurement was taken aﬂauc at the same remote ares as
the air aawh bockgmm&.

i
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T

Excavation

Hole No.

1

D
st
6
7
e

CORCENTRATIONS OF URANTUN, THORIUM AND RABIUM TN GROUND

Pr. Below Radiuw-226

Surfsce pCi/l

TABLE 4

Thorium-228

pci/1

8

6

10

Sas

%

0.6

2.0

g‘w 6

0.5 + 0.8
1.6 + 1.0

0.6

0.6 + 0.4

Thoriom-230

pci/

1

MATER SANPLES

0.3 + 0.5

0.5 + 0.9

0.6 + 0.6

0.6

8.6

1§38

Thorium-212

peL/t

0.6
0.7 + 0.6

0.4 + 0.6

@;é

Fluoromstric

1 Error term given for esch sample are the 951 confidence limit (20} for that measurement,

£ Croundwster not encountered at this location.
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TABLE 5A

RESULYS OF AIR SAMPLE ANALYSIS FOR RADON CONCEN

Radon Concentration in Mr
pCi/m3 Working Level (WL) 0
L5 25 x 1670
<s <5 x 107>
L5 25

”

2 .
3 107>

& £ 5 «5

. 45 £5

6 45 £5

7 £5 £S5

8 <5 £5

9 45 =5
10 <5 <5
i1 <5 5
12 <5 <5
13 <5 <5
14 =5 <5
15 S§ Corner <5 <5
16 <5 25

Mo M M oM M N R oM oM X W N N M

10-5

Y Working level (WL): Any cowmbination of short-lived radon-222 daughters (polonfum-218, lead-21#&,

bismuth-214 and polonium-214) in one liter of eir, without regard to the degree of equilibrium,
that will result in the emission of 1.3 x 107 MeV of alpha particle energy.




9t

: 1 gk " ¥ g _e ! L

B Warehouse

2
3
& Warehouse
5
6

RATIONS IN ATR AT ONSTTE Locarroms'))

Pullding 134 "

Building 13

Building 143
Building 123

7 Building 115

2

Error terms given for each sample are the 952 confidence usnri:t {20) For that

Horking Level (WL): Any cosbination of ﬁwﬂ~i£w& radon-212 daughters (polontum-218,
tead-214, bismuth-214 and polontuws-214) in one liter of atr, without regard to the de~
gree of equilibzium, that will result in the emission of 1.3 x 103 !!t? of alpha particle
BRETEY.
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Resulte of these sansurements are listed in Tables 64 and 6B,
All periseter survevs showed radiation levels near background. Onsite
surveys in genersl were slso in the range of netural beckgrowmd. One
survey taken inside the wershouse which is used o store product meteri-
~als slightly sxceeds the sccepted release criteris. Rowever, this
level of exposure rate is within do8e jimics set 1o New York State
Department of Labor Bule LIRYCERIR for 40 hour/wesk sxposurse.

i
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ﬁwn ?u&h i ‘ '
L tzh site are ﬂm www mzm Mﬂm.

pmest iseide the profuct st warwhouse uim%r mum
the mmmt relsese criteria but m niﬂm 1imits for 40 hour
wesk sxposurs, All six, grouwndwater and soil samples were signifi-
cantly lover thae sny Tecon ¢d ralease limlt snd a MLt Capes
are lees than ose-tenth of the appropriste limit, The used for addi~
tionsl rediclogical surveys is mot indicated by uw&u contained in
this veport.
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APPENDIX A
SURVEY PROTOCOL

Ambient Cawma Radiation Measurements Using Eberlipe PRM-7

Micro "R Meter,
1. Check high voltage.

2. Check response to Cs~137 button source on X 300 range by placing
radigtion sywbol of source in contact with meter sdjust screw;

meter should read 165 wR h™L.

3. Teke readings on X 50 range or most sensitive range and rapid

response .
Airborpe Concentrations of Rn-222 and Daughters Using Eberline
PRS~-1/AC~3~8 Alpha Scintillation Probe in Conjunction with High
Volume Air Ssmpler.
1. @&ssure that instrument settings on PRS-]1 arve:
4. Threshold = .30 volts.

b. Veltage = 900 wolts.

€. Mode * gross.

A=l




s

B,

Turn select switch to WY and note voltage of ° 900

dndicating thet battery is satisfactory,

Torn select switch to 0.5 minute count , place source i#;

firm contact with scintillstor probe, press veset buttom,

and hote count of shout 775 counts in 0.5 minutes.

Take 5 minute background count with select switch set at

5 minute count interval. Subtrsct this count frow filter

counts to obtain the net alpha counts, C .

For each sampling location, place 8 clesn filter in the filter

holder and take & 5 minute air sample with the high volume

sampler noting the sampling flow rete F in ft”/min.

Piua:-&ha,nipha scintillation probe in direct contact with

the appronimate center of the filter sample,

Set the counting interval on the PRS-1 at 5 minutes.

. Begin counting the fiatwt sample by praw:iag the reset button

. at 2 minutes ﬂﬂ!i tha end of ainpling,

3




Record the gross sample count obtained and subtract the
5 minute background count to obtain the net slphs counts <,

observed in 5 minutes.
Calculare the nusber of working levels (WL) of Rn~222 dmughters
from:

€ .
#L - 1.8 x 107 £ © 1iged pohy

-3




, mm:mm%waanﬂ«mw@m nagrentin
Mmmmafwmm:w An incemally @
10 5 photomatip s optimum perfonvant n covnt ,
*]uﬁmkhﬂwm DO et » ,
" TR i,f{%.*& ﬁ%m %ﬁm &Mw@um Msmvm

mm?*ww\;&mfmm»m@mw
mm:*mmmmmmwmmmwm cathon zing batieries, carrying steap and

sechmical

SPECIFICATIONS

READOVY _

METER: R wmamwmmummde:s.ammamm;mwwm

Mwﬁnzﬁ' {6 om).

RANGE. Switch controlled 25, 50,500 end 5000 micro Ribr
LINEARITY - Within 4% of full scale (£2% typoial) when driven with p repetitive sigral.

RESPONSE TIME € amtisasously varishle by 8 from panel conteal from approximaiely 10 seconds 1o 7
‘sspond: measured mm ,of fing) meter resting.

SPEAKER 1 inch dismetor ivrermatly mounted ONOFF switch provided.
VMTM‘}%F C%FWWHT Meter reading changes fess than 24, with battery voltage from 2 2.2 10 3.1 vols.

mmumww R TUBE End window. 5-11 photacathode. noming! 1 ¢mmtm

OPERATING VOLTAGE: N«wmim Between 4000 pvd +1200 woits.

MAXIMUM VOLTAGE + 1500 volts.

CURRENT DRAIN. Approximately | 10 megohm resistance string yiekds 10 microamps &1 1100 volis.
CRYSTAL: Nak(Th 1 inch x 1 nch.

Wm’fﬁmm SUPPLY
PATTERIES Two "D size cells held by internal captive holders.

VOLTAGE REQUIREMENT | 6 maximum 10 1.1 minimum volts per cell.

LIFF Variohie  depending on cell type . age, temperature, high voliage seating etc. Typics! life with new
cells 8t room temperature with meter lamp off - carbon sinc cells, 218 hours, alatine cefls, 270 hours.

HIGH VOLTAGE SUMPLY _
RANGE - Varighike by oo internal comteel From ess than SO0V 1o mnee than 1200V
VOLTAT#H DEPENDENCE  igh voliage will chanpe loss than + VP with hattery voltage from 2 210 1.1 wolts.
@Nmmmm

SPLASHPROOF : Use of O-ving stals theoughout.
w:mu URE The instrument is operational from 0°F to +140°F (18 °C 10 60 ("t The battery type
ueed timits the Jow temperature y«Mmmwmm decrewse and internal wnprdance
incrense . For prolonged operstion st Yo mmgmmws _akatine cells are secommended
MECHANICAL
DIMENSIONS Awmmy AWxR Ly 78" H(10emWx 20cm Lx 19 om M) ﬂndudmm

WEIGHT Approximately & Ts. ol ixg%mm&ugm@mmmmm

0 20 3on 2108, Sani P New Mern §7501 00814743133 TWR K105 OAN




Diptocten Crysiad Lopation

Portable Micro “R" Meter

R -wﬁg”-;

£ .

tmAner .

utntld l,“

suumﬁ, l"o o

sawmta o, OIS N suhca 117
Ul 2 t

e e B st

DESIGNED FOR FIELD MONITORING
RUGGED

SPLASHPROOF

BUILTIN SPEAKER

LIGHTED METER

DISPLAYS HIGH VOLTAGE




Mode! PRS-1 and PRS.2

GENERAL DESCRIPTION

The RASCAL PRS-1 is 8 compact portabie, digital display instrument with selectsbie raemeter or scaler
functions. The instrument is rugged and spiashproof with its own internsl battery power supply . Included
n the instrument a-mwm«gmw.w&m&:mwm pulse height
analysis, six decade liquid crystal displey , crystalcontrolied time base, working teve! calibration function,
butit-in speaker and 3 self contained rechargesbie battery pack . All circuits are solid stgte with extensive
use of CMOS integrated circuits for low power consumptions snd (o enhance relisbility.

The Model PRS-2 instrument is simiar to the PRS.1, except it does not have the pulse height analysix
capability .

Both instruments are designed 10 be used with most detectors, Fherdine scimtiflation, Geiger-Mueller or
proportional probes.

Both instruments have & digital readout of the internsl high voltage power supply .
SPECIFICATIONS

HIGH VOLTAGE : Regulsted , adjustable by a front panel contred to approximately 1500V snd can supply
a 100 megohm load. A voit sneter position on the range switch provides 3 digital indication of the voltage.
The supply (EIC Model P-201A) is 8 plugsn motule for ease of maintenance.

COUNT RATE METER : True digitsl computing circuitry is used 1o provide six decades of count rate
information in counts per minute . A front panel switch selects a preset number of counts, 10, 100, 1000
or 10000 for computation The least number of counts selected provides the fastest snswer and the great.
est number of counts selected provides the more accurste snpwer. The compute time is fixed 8 3 seconds

SCALER Six decades of digital infremation with fixed timed positions of 0.5, 1,2 and § minutes plus
manual and stop. The display may indicate each increment of count or the display may be updated a1 the
end of the count period as selected by an internal switch . A front panel control is provided for a varisble
reset rate of approximately 1 to 10 seconds or the control may be switched off.

CALIBRATION FUNCTION The calibration function provides s mesns of converting the count rate
information. in counts per minute, to a working level information, such as mR/Mr, o1 10 correct for probe
efficiency . A rate multiplier board with selectable multiplication from 999 to 001 is provided a1 » standard
jtem with the instrument. A rate divider board with selecigble division from 00.1 to 99 9 is available as an
option. All controls for the calibration function are internsl.

DISPLAY . A liquid crystsi dispisy is used for low power consumption and continuous display of data. The
display has six digits, nine legends and three decimal points. Five iegends, “CPM™, “CPS”, "mR M, andd
“mREM/Mi " plus the three decimal points are selected (o display hy internal wwitches. The remaining
Tegends, “Couni”, “Compute”, and “Batt OK ™ are controficd by the civcuit ingic of the instrument. A
light controlied by & panel-mounted push button switch is provided for insirument ue 10 fow ambient light

AMPLIFIFR . Charge sensitive type spproximately 2 x 10 10 2x 107 12 coulombs (approximately equiva-
lent 1o from § millivolt 1o 10 meillivolts on voltage sensitive input) The amplifier board (EIC P-RB) is» phug-
in module {or ease of maintenance .

Continued on following page
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“RASCAL ", MODEL PRS-1 AND PRS-2 (continued)
THRESHOLD PRS.1 Adiustable by 2 10.4um front panel control form 0 to | D wolt, PRS-2. Adiustahle
by & single-turn  screwdrves adiust. front panel contsol from G to 1 0 volt.

WINDOW (PRS. T ONLY Y. Adjustable by & 10-urn front panc! control from O to 1 £ volt always conslant
above threshold. A “PH AGROSS ™ switch provides Cross counting by disabling the window .

TIME BASE OQuartz crystal controlied for an accuracy of greater than (1% over wide temperature and bat-
tery conditions, the timc hase provides sl rming signals for the count rate meter and scaler functions of
the instrument.

’ SPEAKER The spesker and the spesket control switch are mounted on the front panel
RESET Resets both count rate mete! and scaler functions

DETECTOR CONNECTOR Eberline type UJ-1 waterproof connector mates with CP-1.

POWER Rechsrgeable Gell of® battery provides spproximately 74 hours of continuous operation betwecn
charging (an optional hattery pack i available for five Nid'd rechargeable D" size betieries, or five D7
size nonwechargeable batteres., for approximately 00 hours of continuou operstion).
BATTERY CHARGER CONNECTOR  Miniature phone iack.
BATTERY CHARGER . Recharges hatteries in 14 hours,
MECHANICAL

Size TAMTHx /7L 4"W(19Tx 24 1 x 102 el

Weight Approximately S tbs. {2 3Kg)

TEMPERATURE Operstional from 0° 10 160°F (187 16 60°C)

«  ACCESSORIFS Carrymg sirap

n@ 20.Box 1108, Santa Fu, New Maxico 47501 (508)474-3202 TWX: 9105850678
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“RASCAL"

N &=

FORTARLE EATENETRR SRt

RATEMETER

SCALER

SINGLE CHANNEL ANALYZER
MIGK VOLTAGE DISPLAY
LIGHTED DISPLAY

OPERATES WITH PROPORTIONAL, SCINTILLATION
AND GEIGER DETECTORS

BULTIN SPEAKER

LIGUID CRYSTAL DISPLAY HAS SIX DIGITE, NINE
LEGENDS, AND THREE DECIMAL POINTS




Alphe Scintillation Probes
Marats AC-3-7

Mode! AC-3-7 Assemisied
Probe Body with Phowphor Plate

Mode! AC-3E Exploded

SHAPED FOR CONVENIENT MONITORING
LARGE AREA COVERAGE

SUBMERSIBLE FOR DECONTAMINATION
FACE ASSEMBLY EASILY CHANGED
MOUNTED CHECK SOURCE AVAILABLE

_eberline

AC*3



APPENDIX C.I,
INSTRUMENT CALIBRATION

1 Eberline Portable Micro-R Meter, Model PRM-7

Design

The PRM~7 1s 8 self-contsined gamma ray detection instrument,
factory calibrated to & Ce~137 source. An internally mounted 1 inch x
1 inch Nal (TZ) scintillation crystal offers optimum performance in
counting low level background radiation fields, The use of a Nal
crystal in messuring exposure is limited due to the non-linearity of
response between particle energy and light output. The photomultiplier
tube output is proportional to dose rate in photon fields consisting

of energies equivalent to that used in calibration.

Source Term

A. Cs-137
Steel encepsulated point source.

Photon energy = (.662 Mev.

B. Ra-226
Steel encapsulated point source
Photon energies:
0.295 MeV (19%), 0.352 MeV (36%) resulting from Pb-214 decay, and
G.609 MeV (47%), 1.120 MeV (17%), 1.764 MeV (17%) resulting

from Bi~214 decay.

Ca 1"”1




A NBS traceable, Ce~137 calibrated 25 mR Victoreen Condenser~R
chamber was used to determine exposure. No additionsl R-chamber
wall thicknesses were used when determining the exposure to the Ca-137
source. In order to establish secondary charged perticle equilibrium
with respect to the 1.764 MeV photon emitted from the Ra-226 decay chain,
a polystyrene cap of 0,61 gm/cmszme used. The total wall thickness
was equal to 0.830 sm/ﬁmz.

Each source was placed in a source holder on a large lsboratory
work table. Distances were indicated at points where the exposure
rates, determined by the R-chamber, were equal to 2.0 mK/h and 0.2 mR/h.
The PRM~7 was placed in the radiation field and the instrument response
was determined on the 500 and 5000 range.

To confirm that the count rate was equal to the pulse rate, the
output of the PRM~7 wes verified with the use of a pulse generator. The
25, 50, 500 and 5000 ranges were checked and various adjustments were
made if necessary. »

After calibration by electronics, the PRM-7 was again placed in
the Ce-137 and then the Ra-226 radiation fields. The instrument response
was determined on both the 500 and 5000 range. A background radiation
determination was done using the 25 mR condenser-R chamber with all
radiocactive sources removed from the work area. Results can be found
in Table 1.

A Ca~137 button source is used to check the 1natrument‘ca11hratian

~prior to actual use. With the instrument range switch on the 500 scale,




the button source 1s placed on the meter front with the radiation symbol
in contact with the meter adiust screw. The instrument should read

165 uR/h.

Secondsry Standard for Calfbration

A secondary stendard for calibration of the PRM-7 wae based on the
response of LiF thermoluminescence chips (TLD) to a natursl radistion
environment in an unventilated concrete basement and in the ground floor
of & one story concrete building. All chips were calibrated with a
NBS traceasble Co~60 source and individual calibration factors (mR/nC)
wvere established.

The annesled TLD chips were sandwiched between two pieces of 1/4 inch
thick lucite and placed in the two test fields for a period of 69 days.

The chips were readout on 8 Hawshaw TLD reader snd the exposure calculated.
The response of the PRM~7 was determined in both fields and the results
compared to the exposure determined by the TLD chips. A summary of results

can be found in Table 2.

6.1*3
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TABLE 1

ITNSTRUMENT CALIBRATION PRM-7

(2) (3
Instrument Response Instrument Response
(1) (mR/h) {mR/h)
Source BG (mR/h) | X (mR/M) 500 Range | S000 Range 500 Range SO0 Range
Cs-137 0 2.0 o 2.0 o 2.1
0 0.2 . 280 — 0.380 ——
Ra-226 0 2.0 e 1.20 | e 1.20
o 6.2 .170 —— 0.210 ——

(1) Exposure rate determined by Condenser-R chamber.

{2) Prior to electronic calibration.

{(3) Post electronic calibration.




TABLE 2

SECONDARY STANDARD OF CALIBRATION FOR THE PRM-7

Field -~ wunventilsted concrete basement.
Exposure Time -~ 69 days.

PRM-7 Ce-137 Calibration Check = 0.160 mR/h (500 range).

| TLD No. Net Readout (nC) Expogure (mR)
j 700104 1.912 25.5
; 700029 2.070 18.6
: 700020 2.123 22.2
| 700007 2.631 27.9
| 700027 2,334 21.6
700015 2.527 27.0
700026 . 2,133 20.6
700018 2,450 26,4
} 700025 2.226 27.1 4
;i
Average - 24,1 + 1.4 mR/69 day %
- Exposure Rate - .015 + ,002 mR/h |
v PRM-7 Response - .015 mR/h (500 range) 3

012 mR/h (50 range) !

013 mR/h (25 range)

Ce I‘S




TABLE 2 (page 2 of 2)

SECONDARY STANDARD OF CALIBRATION POR THE PRM-7

Field ~ Ground floor of one story concrete building.

Exposure Time - 69 days.

PRM-7 Cg-137 Calibration Check = 0.160 mR/h (500 range).

TLD No.
700005
700016
700008
700030
700013
18
19
20

21

Average
Exposure Rate

PEM-7 Response

Net Readout (nC)

2.113
2.387
2.334
1.988
2.298
2.739
2.153
2.276

2.194

C.leb

Exposure (mR)
24.5

23.2
28.9
25.1
25.4
29.4
21.5
22.5

24.5 + 2.8 mR/69 days
.015 + .002 mR/h

015 mR/h (500 range)
.010 ®mR/h (50 range)

.010 mR/h (25 range)




APPENDIX C.I1.

11 Calibration of PRS-1/AC«3~B Alpha Scintillation Probe Used

in Conjunctien with Staplex High Volume Air Sampler

The alpha detection efficiency of the AC-3-8 detector when
placed in direct contact with the filter semple was determined by
obtaining a sample of naturally occurring Pb-212 aerosols on the
filter, allowing all of the short lived Rn-222 daughters to decay,
and then counting the filter sample under transient equilibrium
conditions. Uniform radicactivity distribution over the surface
of the filter was verified by taking counts with the AC-3~8 probe
st different lpcations on the filter surface and by cutting out
circular samples of the filter (diameter of about 3.5 cm) and counting
each sample under the window (0.853 mg cmbz) of a gas flow proportional
counting system. This system was previously calibrated for the de-
tection of Pb-212 1in transient equilibrium with daughters. Standard
Ph~212 samples were obtained by the generation of Pb-212 aerosols from
a Th-228 emanation source and deposition of Pb-212 on the surface of
gluminized mylar sheets of the same active area of‘f{}ters in the
Gelman 47 mm filter holder (diameter of 3.5 cm). Alpha counts of
these standards obtained for the internal cguntingvpcsition (27 geo~

setry) yielded the absolute activity of the standard.

Ce 11*1
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Corrections of alphs particle efficiencies for self asbsorption
due to the burial of Pb-212 aerosols within the filter and within
collected dust was estimated by obtaining counts of samples in the
alpha mode and beta mode using the end-window proportional counter.
The beta counting mode was established by covering samples with an
aluninum sabsorber of mass density thickness of 20.73 mg c:m"2 and
counting each sample at the beta operating voltage (1850 volts).

The ratio of the instantaneous beta counting rate to the instantaneous
alpha counting rate st the same reference time gave a measure of the
effective depth of burial of aerosols within the filter as well as

the alpha counting efficiency. Sample 8/a counting rate ratios were
compared to theose of standard absorber curves obtained by covering
standard Pb~212 sources with gheets of 1/4 mil mylar. Naturally
occurring Pb~212 aerosols were found to have an average depth of

burial of about 0.85 mg <:m"2

in the glass fiber filter sample.

Counts of the high volume (HV) filter samples using the AC-3-8
alpha scintillation probe and counts of the circular filter samples
on the end-window proportional counter were used to estimate the
efficiency of the AC-3-8 probe when placed in contact with the HV
filter sample. Corrections were made for the different alpha particle
energies of the Rn-222 ghort lived daughters compared to the Pb-212
daughters. Results yielded an average alpha particle efficiency of

2.90 x 10”2 c atl for the short lived Rn-222 daughters and for the
sampling and counting parameters used in this study. It may be assumed

that Rn-222 and its short lived daughters are in secular equilibrium

Co II"Z




in the outdoor atmosphere. The theoretical net alpha count response
ca of the PRE-1/AC~3-8 alphs scintillation counting system for the
HY filter sample is derived as follows. The short lived Rn-222
daughter atoms that may produce an alpha count response either directly
or indirectly are:
a B , B o
3.05 m Po~218 » 26.8 m Pb~214 + 19.7 m Bi-214 + 164 us Po-214 =,
(1) (2) (3)

where minor decay branching has been omitted and where the predominant
short lived Rn-222 daughter species, Po-218, Pb-214, and Bi-214 are
numbered respectively as 1, 2, and 3. Although only the 6,00 MeV
and 7.69 MeV alpha particles of Po~218 and Po-214 respectively pro-
duce net alpha counts in the system, all atoms in the sampled air
may produce counts as a result of decay through Po~214. The 7.69 MeV
alpha particle, because of the extreuely short half-1ife of Po-214,
may be considered from a kinetics standpoint to arise directly from
decay of species 3 or Bi-214. The decay series thus may be simplified:

| 8 @y
Nl (Po-218) = N2 {Pb~214) =+ N3 (Bi-214)

A single filter sample is obtained and later counted with the
PRS-1/AC~3-8 Alpha Scintillatian Detector to estimate the concentration

of Rn-222 or each short lived daughter. No correction is made for the

contribution of thoron (Rn-220) or actinon (Rn-219) daughters to the

alpha counts; therefore, results will overestimate the amount of Rn-222.

v 'C. 11”3
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Under our assumption of secular equilibrium between Rn-222 and its
short lived daughters, the activity concentrations U are squal:
v « U, s U

3" 1)

*Uppe222* Y% 0

The glass fiber filter used in this work has been shown to have a
100% collection efficiency for radon/thoron daughters. Therefore,
the atom collection rate Pi of each species on the filter sample is
obtained for a sampling flow rate F:

P, o= FU, /A, = FU/, (2)

vhere {1 « 1, 2, or 3.

The sampling (tl)’ decay (tz), and counting (ta) intervals are depicted

schematically along with the variable time t during sampling and
the variable time t from the beginning of sampling to each counting

increment dt:




SCHEMATIC OF SAMPLING, DECAY, AND COUNTING INTERVALS

Activiey, ai

| L

t}
‘;ﬁ
il

Coil-5

Fixed Time
Intervals




The activity Aizgfvmmth apecies incresses during xﬁarsam$1iu; iat&fv;l
and thua‘gaanraiiy decreases post sﬁm@liag,‘daganﬂiagzea the ingrowth

fram‘tha decay of parents. The differential number of ntums.aﬂntxa

th

of the n~ species in a %aéiaaat%vevsﬁr%ea.prateaa #t time t post an

incremental production P, d7 of each species during the sampling interval

18 given where chﬁra is no branching in the series:

| Z n=l n axp(~lj(t*r}?
dN {t - P dr = ot
w1 b get s g1 P’“
pet P 1

p#)

. | (3)

The total number ﬂn(t) of atoms of the nth species due to production

on the filter sample during the entire sampling interval is hbtained

by integration of equation (3):

L o
[+
N, () = J dN_(£), or
=0

n-1 n  (exp(}, t.)~1) exp(~), t)
N (c) = Z PoomoA, ] ﬁﬂﬁi 1 —ed (%)
im] =1 =i A v (A =h))
3 pol P ]
P

The number of disintegrations Dn of the ath species during the counting
interval (t,-i,) is obtained by integration of A N (1) di:
o
ﬂﬁ - j An ﬁn(tbldt.,aw
tet,

C.1In6




n n-l  jem (exp(d t.)e1) (emp(~) t,) ~ (exp(~), t.))
- SR U R 15 S T | LI G -2 )

pH4 (5
Only disintegrations of species ) (Po-218) and species 3 (Bi-214)
are considered to produce net alpha counts Cm. If the alpha particle
efficiencies are designated respectively as ﬁl and £3 and 1f each Pi
given by equation 2 is substituted in equation (5), then the net a count

Ca may be expressed:

Ca - £1 D1 + EB na, oY

A E, (gw(s\itl)g) ‘(pr(:iltz) - txp(w-)kltg))
a

M

3 iL" 3 3 3 (exp({1§%)~1) (exp{efisg) . Qx?(“fit3))}‘
41 Mg 22 pﬂ (A _=2)) }
s (6)
pél

* iy Ey

K When values for *1 are obtained from the reported half-lives given
; panl

above and are substituted along with values of t1 used in this study:
ftl = 5 minutes,

gz w 7 minutes,

ta = 12 winutes, the following expression is obtained:

C.l1-7




c =M gﬁgéﬂﬁ E, + (0.3008 + 4.893 + 19.59) £3§

e (e ik E e op e s |

am « FU éﬁtﬁhﬁ ﬁi + 24.78 KBJ.

The alphe perticle efficiencies heve been determined as outlined
above

= 774 % 1ﬂm2 C umx¢

M’-"; An-*-
~ 2.9 x 107° ¢ o7h,
Each efficiency in equation (7) is weighted by 8 different coefficient;
therefore, the average alphe particle counting efficiency E for the

filter sample/counting geometry is caloulsted:

5.666 E, + 26.78 E,
5. 666 + 24 78 ¢

which gives upon subscitution of values for Ei and E,:

Fe200%x10°¢Cal,

3 are substituted into

equation (7), the Rn-222 sctivity concentration U is obtained:

When values for the efficiencies £1 and £

C

U= 1.132 fé’n‘- (ﬂ«:euﬂt)wi (cm?’ .

}fdmwl cm”a,




where cancelling units for the net alphs counts ¢ and flow rate F

are ghown in Brackets. VWhen the flow rete T is empressed in i&a m“i

3

mnd the concestration U is expressed fn uCi on ~, equation {(8) is

TR-QUPTEBEOL |
-1 S -1 .3 -1 -3
Uw»1.80x 10 ¥ {count) = (ft” m ") wCi om °,
An activity concentration of Rn-222 of iﬁ”? uCi ﬁm”g in gecular
#quilibrium with {ts short lived dsughters corresponds to one working
level (WL). The activity concentration U expressed in working levels
ig thus expressed:

, € ~
U~ 1.80 x 107 3%-{cbuﬁt)”1 e 0l WL,
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APPENDIX D,111.

ample snd Badiation Level Data

Perimeter lLocstions ,
Surveys Taken 16 Hay 1979 ;
ATR SAMPLING DATA &

Collection
Sampie Radiation Level Flgw Rate Alpha counts for 5 winute count
Rumber Location . sR/hr , Fi~ /¥ia Gross  couwats _counts sbowe bRg,

- RO T AR o e v

Background 1% wmwile from site 5 &5 13
] NE comner of site 7 45 e
2 4% 18
22 &% 17
15 45 14
26 &3 is

12 4% 12

W corner of gite mn &% 22
13 £35S 17

%9 corney of site 7 &% 71
o 7 &% 19

P I SRV e
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APPENDIR D.111. (Continued)
Onsite Location
Surveys Taken 31 May 1979 | ATR SAMPLING DATA _
Coilection
Sample Radiation Level Flow Rate Alpha counts for 5 minute count
Nusiber Location _mR/hr FT3/Min, Gross _counts _ counts above bkg
Background 13 45 13 RA
1 SW ramp of warehouse 7 52 142 129
2 Building 134 20 58 73 60
3 Buiiding 133 14 58 58 4%
v b Warehouse none taken 48 224 211
g 5 Building 143 13 48 53 40
[
~
6 Building 123 26 38 73 60
7 Building 115 furnace 22 58 55 42
room &t control room
B Warehouse - at product 65 50 378 365
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RECENT DEVELOPMENTS FOR FIELD MONITORING OF

ALPHA-EMITTING CONTAMINANTS IN THE ENVIRONMENT

| by
A. John Ahlquist, C. John Umbarger, and Alan K. Stoker
Los Alamos Scientific Laboratory

P.0O. Box 1663, M5 490
108 Alamos, New Mexico 8754%

INTRODUCTION

Two field methods have been asdapted by the lLos Alamos Scientific
laboratory to rapidly assess locations and concentrstions of alpha-
emitting contaminants in soil. They are 1) a gross-alpha measurenant of
soil samples using & ZnS alpha scintillator and 2) a portable phoswich
detector used as a field survey instrument to detect low-energy x and gamma
rays associated with alpha decay. These methods have proven useful for
directing decontamination operations of scils contaminated with alpha
emitters (Sm77; He77).

ZnS DETECTION SYSTEM

The technique of making quantitative gross-slpha measurements on
s0il and rock samples was first used in the 1930s by R. D. Evans to
measure uranium and thorium (®v33; Evida; Evid4b; Fi3S). In adapting this
technique, & commercially available 10 cm diam 2nS alpha scintillator
probe was used with a2 single~channel analyzer equipped with a timer-scaler

and HV supply. The system can be powered either by line or internal

*The Los Alamos Scientific Laboratory requests that the publisher identify
this article as work performed under the auspicets of the USERDA, Contract
W-7405-ENG, 36,
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Soil samples are placed in plestic bags that are massaged to suffi-
ciently homogenize the sample. Enough soil (\75 g) is taken to fill an
8B-sm diam x 13-mm deep plastic petri dish. The eoil surface is leveled
off even wit'i the top of the petri dish; small rocks and debris are re-
moved, The ecil aliguot is dried under a heat lamp and allowed to eool
before counting. If & sample ie very wet, it is dried, ground up with a
mortar and pestle to break up aggregates and then returned to the petri
dish for redrying to remove residusl moisture. If & sample is not dry
enough, moisture tends to condense on the myiar face of the probe during
counting, reducing detector sensitivity.

The petri dish is then placed in a depression in & black wocden
holder and the probe is placed on top of the dish. The holder is black
in order to minimize scattered light, as the 1»mgfem3 aluminized mylar
covering the detector face is not completely opaque to light. Integral
ribs on the probe provide a consistent 1.6 mm spacing between the top of
the soil sample and the probe face. Samples are nominally counted for §
ain. Total elapsed time from receipt of sample to measurement results
can be as little as 30 min.

The system is calibrated using a carefully homogenized soil sample

239, This sample gives 0.135 c/m per PCi/g.

‘spiked to 2000 pCi/g u?th
The 1-sigma statistical error on the calibration factor is less than 3\
" for a 5-min count on samples 2 2000 pCi/g. System background (using an
smpty petri dish) is 0.5 -~ 1.0 c/m. Hatural alpha emitters in lLos Alamos

ares soils result in background counting rates of 4 to 8 ¢/m. An uncon-

taminated soil sample of the,sgia*ty@nfbeiag‘meaturca is used to determine

- the naiuraiviipha'hmﬁkgxﬁuna.




Syawan:wuitkrationust@biiity-aheakn,maac~with a 7.5~cm diam plated

ggg,u source, and system background checks are made daily, Blank and

calibration checks are made pericdically,

Table I lists the various detection limits attainsble with this
systes, as a function of gross counts for s0il background, for a Se-min
counting time. This count time was selected as & compromise between de-
sired detection limits and speed and esse of analysis. & 99.74% confidence
level was chosen for operational use S0 ag to minimize the Type I error
(stating activity is present when it is not),

The results of gross-alpha analyses on selected soil samples known
to have predonminantly 33??& contamination were compared to 239?u radio~
chemistry results on aliguots of soil from the petri disn used for the
fross-dlphs analysis (Fig. 1). Hote that 738 of the Zns measurements are
within & factor of 2 of the radiochemistry results. This is considered
to be good agreement since samples were not sieved, ground, or milled to
ensure homogeneity and since the Zns “sees” <0.5 g of scil, whereas 10 g
ars used for radiochemistry. Four samples had gross-alpha Zn$ to zagpﬂ
(radiochemistry) ratios of 0.07, 19, 27, and 30 believed to be due to

pgeneities,

*

sappling inhom

In conclusion, this technique permits rapid assessment of alpha-
emitter contamination in soils to low enough concentrations to efficiently
direct large field operations. Due to sample inhomogeneity, however, the
gross-alpha anslysis may not compare favorably to radiochemistry on the

Same gample (although the majority of our comparisons are within a factor

of 2). We feai‘thit disadvantsge is more than offset by the advantage of

- -

being able to analyze large numbers of samples in & relatively short time.
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: Fig 1.
Cumparison of ZnS gross-alphe results to mpy, radiochemistry results on the same samples.
Curve A indicates a ZnS result two times that of radiochemistry. Curve B indicates ¢ ZnS
response equal to the rodiochemistry result. Curve C indicates a ZnS response one-half that
of radiochemistry. The detection limit indicated is for @ 5-min count for a range of netural
soil backgrounds. The actual limits depend upon the parameters used.

Ew VOLTAGE

aE

- Fig 2 : :
Schematic of the field phoswich delector. The pulse shape analyzer (PSA) selects only pure
Nel signals while the single-channel unalyzer (SCA) selects the photon energy region of
interest. o ' |
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TABLE 1
Gross-Alpha Activity Detection Limits for S5~Minute Sample Counts
a8 & Function of Background Count Rate and Probability of Detection
S0il Background Grogs-Alpha Activity Detection Limit (pCi/g)
: Count Rate (c/% min) 954 Confidence'd 99,74 Confidence
20 14 21
30 18 26
| 40 18 29
, (“)Givm for reference.
;
N
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REFERENCE 2

LOM-LEVEL RADIOACTIVE WASTE
FROM RARE METALS PROCESSING FACILITIES

Jeanette Eng, New Jersey Department of Environmental Protection
Donald W. Hendricks, ORP-las Vegas Facility, U.5. EPA
Joyce Feldman, Radiation Branch, U.5. EPA Region Il
Paul A. Giardina, Radiation Branch, U.S. EPA Region 11

Abstract

In the past year, problems of disposal of byproducts, tailings, and
wastes from rare metals and thorium producing facilities have received the
attention of radiological agencies. Many of the raw ores used by these pro-
cessing facilities were rich in natural radicactivity and the residues of
production were often not disposed of properly. Mill tailings from the
uranfum mining fndustry have only recently come under federal regulation.

It can be expected that similar attention will be focused on the environmental
impacts of the rare metals processing industry as i1lusirated by interest fin
the problems of Parkersburg, WV, and Albany, OR. One other site in Akron, NY,
does not appear to be an immediate problem, but its situation is typical of
the many yet unsurveyed inactive rare metal facilities in the country. The
radiological problems presented by and decontamination activities which may
be required of these rare metal facilities are examined.

Introduction

The federal government has recognized that companies which process therfum
and uranium ores require regulatory controls in order to protect man and the
environment from unnecessary radiation. The recent passage in November, 1978
of the Uranium Mi11 Tailings 8411 (H.R. 13650) demonstrates the government's
recognition that the front-end of the uranium fuel cycle, {.e., mining and
mi1ling of uranium, had been neglected. The bi1l defines procedures for a re-
mfgia% action program at fnactive mill sites and regulations for active mill
sites.

Companies which provide titanium, phosphorus, rare earths, and rare metals
for industrial and chepical use are not normally regarded as possessors of
Yarge quantities of radioactive matertials. In fact there appears to be a his-
torical laxity in documenting the processing and waste disposal activities of
these industries. A recent EPA pubidcation reviews the available 1iterature
on technologically enhanced natural radiation due to mineral extraction in-
dustries (Bl 78). It is only recently that phosphate industrial wastes have
been listed as hazardous radioactive wastes in the U.5. Environmental Protec-
tion Agency's proposed Mazardous Waste Guidelines and Regulations (Co 78).

This paper will review the situations at the existing Teledyne Wah Chang, Co.,
Inc. located =t Albany, Oregon, and the former Carborundum Corp./Amax Specialty
Metals, Inc., facilities located at Parkersburg, West Virginia, and Akron, New
York, in order to show the extent of the radicactivity problem at rare metals
processing facilities and the need to identify for radiological review other
rare metal and rare earth processing sites.

As shown in Figure 1, the unusual grouping of rare earth and rare metal
processing industries stems from their common ore origin. ’he ores used in
rare earth and metals processing are byproducts of mining for titanium ores,
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since the ores for the specific processing are seldom found in economically
mineable rock. The principal domestic arees for raw materials are Florida

and Georgia, although mining has occurred fn western and other southeastern
states, Outside of the U.5., major deposits are lTocated in Australia, Canada,
Brazil, South Africa, Sri Lanka, Indfa, and Mexico. Often ores with higher
specific mineral content were imported, such as Migerian 2zircon sand for hafnium
processing and Australian zircon sand for zirconium processing.

The beach and fluvatile sand deposits from these areas are rich in mar-
ketable ilmenite, rutile, monazite, and zircon. Monazite commonly incorpo-
rates thorium and uranium as well as rare earths due to similarity in geo-
chemistry and electronic structure. Ilmenite and rutile sre ore materials
for titanium processing, monazite is the principal ore for rere earth proces-
sin$, and zircon the principal ore for zirconium and hafnium processing. Gen-
erally, these beach or placer sands are treated to produce heavy mineral con-
centrations containing the zircon, rutile, flmenite, monazite, and other
marketable minerals. The concentrates may then be treated by various combina-
tions of gravity, electrostatic or electromagnetic methods to separate the
individual minerals. Monazite being slightly magnetic can be separated from
zircon by electromagnets. The purity of the zircon product (or conversely the
degree of monazite contamination of the product) s obviously a function of
the degree of separation effort. Initial treatment usually 15 provided st or
near the mine site. As a rule of thumb, the sand deposits are usually but
not slways processed primarily for the titanium content in the form of rutile
and filmenite. The zircon and monazite fractions are then byproducts which
are treated separately to extract zirconium and rare earths, respectively.
Thorium is then a further byproduct of the rare earth processing of the
monazite portion. This has been the major source of therium up to the present.

For zirconium metal production, zircon sand is usually processed to min-
imize the monazite content since the phosphate content of the monazite has 2
deleterious effect on the metallurgical process. This in turn should mean 2
lower thorium and uranium content in the metallic zirconium wastes than in
foundry wastes where the monazite content of the zircon sands should be of
less importance to the process. However, Wagstaff has reported levels of
radium-226 from the uranium decay chain to be about 100 pCi/g in incoming
zircon sands at both foundries and metallic zirconium production facilities
(Wa 78). As Table 1 shows, the uranium and thorium content of monazite con-
centrates varies depending on where the ore is mined. The amount of monazite in
the zircon sand also depends on how well the separation facility removed the
monazite before shipping to the use point. At the use point {such as a zir-
conium metal manufacturing plant), the manufacturer may find it necessary to
further separate monazite from the sand. Low-level radioactive wastes may be
generated at each separation point. The natural concentration of uranium and
thorium decay series products in the sands are low but the industrial proces-
sing to obtain the specific minerals concentrates radioactivity in the waste
residues. The disposition of these waste residues is the subject of this
paper.

Case Studies of Three Facilities

The zirconium and hafnium processing method was developed by W. J. Kroll
for the 1.5, Bureau of Mines. The bureau established a pilot plant in 1947
at Albany, Oregon, to extract zirconium and hafnium using the Kroll process
and a purification plant in 1957 at Oak Ridge, Temnessee, to produce high puri-




ty, low hafnium, reactor ?Tiﬂﬂ zirconium. The zircon sand is mixed with graph-
fte or coke and 15 fused in an electric furnace to produce a mixture of car-
bonitrides of zirconium and hafnium, The carbonitrides are chlorinated in 2
vertical shaft furnace and the gaseous chlorides of zirconium and hafnium are
collected in a nickel condenser. The zirconium and hatnium chlorides are re-
duced in the Kroll process to the metals by reaction under an inert atmosphere
with magnesium. The end product, commercial grade zirconium sponge, will con-
tain about 2% hafnium suitable #ur non-nuclear use. Current industrial prac-
tice uses zirconium tetrachloride produced by chlorinating zircon directly
fnstead of the carbonitride (MF 75). In order to produce reactor grade zir-
confum, 1.e., that containing about 0.3% hafnium, the commercial grade zirconium
sponge is dissolved and the hafnium is solvent extracted to hafnium thiocyanate
using methy! isobutyl ketone. The hafnium is precipitated as an hydroxide,
calcined to about 99% hafnium oxide. The resulting zirconium sponge is crushed,
compacted into consumable electrodes, and vacuum melted in an inert atmosphere
to ingot. Further product purity is achieved by applying the deBoer-vanArke
refiring process. A similar procedure is applied to the hafnium solvent ex-
traction in order to cbtain high purity hafnium metal. The residues generated
by the extraction processes contain graphite, coke, unreacted silfcates, and
non-volatile silicates.

Wah Ghang Corp. began operating the Bureau of Mines' Albany, Oregon, fa-
cility in 1955. Today it is one of the major producers of reactor grade zir-
conium and hafnium metals. Concern over the environmental and health safe-
guards at the facility grew when explosions were encountered during digging
operations near the facility's fndustrial waste piles. Apparently the explo-
sions were caused by rapid combustion of the zirconium in the waste piles,

At the same time the Radiation Control Section of the Oregon Department of En-
vironmental Quality (DEQ) became concerned that the large chiorinated residue
piles may be a radiological problem. A gamma radiation survey showed maximum
reading of 1200 uR/h. When the Oregon DEQ checked the radium concentration
of the piles, it found that the Ra-226 ranged from the original zircon sand
concentration of about 60 pCi/g to over 1300 pCi/g. One water sample taken
within the residue pile showed Ra-226 concentration of 45,000 pCi/L, hence
the concern of a potential ground water contamination. These radiological
parameters for the rare metals chiorinated residues can be compared with those
for uranium mi1l tailings.

Most uranium mills in the U.S, typically processed an average uranium ore
grade of about 0.15-0,35% uranium which would give expected radium-226 concen-
trations in the mill tailings ranging from 420-980 pCi/g. Individual tailings
samples at & given mill may have concentrations that are more or less than
these values by as much as a factor of five or so. :

Due to Oregon DEQ's work at the Wah Chang facility, Oregon limited the
volume and radium content of chlorinated residue which the facility may accu-
mulate onsite before disposal in an out-of-state facility 1s required and man-
dated 211 users of zircon sand to file an application for a radioactive mate-
rials Yicense, The criteria for release to an unrestricted srea are 57 uR/h,
30 pCi/L of Ra-226 in effluent, and 0.03 WL of radon® (Wa 78). OFf the twenty-

* Dne Working Level (1 WL) 15 @ unit describing any concentration of

short-1ived decay products of radon-222 in one liter of air which results
in the release of 1.3 x 10% Mey of potential alpha energy. :




six potential users of zircon sand, the state estimates only four will reguire
specific Vicensing. Similarly, Utah has restricted onsite accumulations to
no more than 100 tons of chiorinated residue and no more than 3 curies of
Ra-226.

Efforts to determine the extent of possible radiological problems are more
difficult for sites which have ceased rare metals processing activities for
several years either due to changes in site ownership or unfavorable economic
climate. Locating residue piles and sludge ponds, estimating amount and origin
 of ores processed, and determining processing and waste disposal activities
must rely on historical records which are vague or nonexistent.

In the mid-1950's the responsibility for zirconfum production was shifted
to private enterprise when the civilian nuclear power program was established.
In order to meet the increased demands for reactor grade zirconium, Carborundum
Corp. which operated a facility in Akron, New York, expanded its production
capacity by building a facility in Parkersburg, West Virginia. The plant’s
designed capacity was 600 tons annually; 1t began operstions in 1957, In the
mid-1960's, Amax Specialty Metals Co., Inc., became & partner and in 1967
obtained full ownership of the company. The Parkersburg site was seld in 1977
to L. B. Foster Company, a steel pipe fabrication plant. As 2 result of Fos-
ter's plan to expand its buildings, pyrophoric waste materfals were encountered
during backhoe operations. In investigating the causes of the explosion, it
was discovered that zirconfum and thorium may have been buried onsite, and that
Amax Specialty Metals had not adequately terminated its license with the U.S.
Nuclear Regulatory Commission (NRC) for possession of radioactive materials.
The NRC estimates that two million pounds of zircon ore, mainly from Nigerfs,
were processed at the Parkersburg plant since 1957. A radiological survey
of the site shows gamma radiation to range from a background level of 10 uR/h
to 150 uR/h. S04l samples show concentrations of thorium-232 and its decay
products to range from background level of 1 pCi/e to 10,000 pCi/g. The
thorium contaminated area is Vimited to a few acres of the 100 acre site, The
NRC's tentative clean-up goal of 5 pCi/g above background of thorium-232 with a
three to four foot overburden and deed restrictions on excavation was developed
based on an assessment of the long-term hazard due to tioron (radium-220).

A radiological survey of Perkershwrg by & contractor to Avax Specialty Metals
estimates 50,000 cubic yards of sof]l may need to be removel. Some disposal
alternatives being considered are burfal at a disposal facility, burial onsite
in 2 clay lined cavity with land use restrictions provided for the burial area,
and ocean disposal. Whether there are other locations onsite where zirconium
and/or thorium are buried may never be known since records on waste disposal
and processing activities are incomplete.

The Akron, New York, zirconium and hatnium processing facility was the
pilot plant for the Parkersburg, West Virginia, facility and presently fis
owned by Amax Specfalty Metals Co., Inc. Processing activities by Carborun-
dum Metals Co., Inc., began in 1953 st the Akron site to produce hafnium free
2irconium under an Atomic Energy Commission (AEC) contract.

The plant’s designed processing capacity was 162 tons of zirconium an-
nually, Although the plant had a contract with the AEC to produce zirconiua
metal, there does not appear to be any AEC, NRC, or NYS {an agreement state)
license for byproduct material other than for research and development pur-
poses. An industrial Yicense with the NYS Department of Labor (DBL) for x~-ray




and gamma sources was in effect from 1960 through 1878,

During the summer of 1978, the EPA Regirn II radiation office queried the
NYS DOL end Department of Environmental Con-ervation about the status of the
Akron, New York, plant. The EPA was concened that a situation similar to the
Parkersburg, West Virginia, plant may e.1st at the New York plant due to their
operating history. EPA was informed ‘nat Amax Specialty Metals Co., Inc., had
contracted Atcor, Inc., to perform 4 rediological survey of the Akron site as
the inftial step in terminating its Industrial Ticense with the HYS DOL. The
June, 1978, survey showed radiation levels ranging from a background level of
7 uR/h to 1500 uR/h putside, with some building measurements up to 40 uR/h
{Le 78a). The extent of processing activities at the site 15 not well known
due to incomplete records. There were areas where magnesium and zirconium
residues were found but no pyrophoric incidents occurred. A single soil sample
from an area with an external radiation reading of 1500 uR/h was analyzed and
showed the s0luble portion contained the radicactive materiai, but no further
radiochemical analyses were performed. The elemental composition of the sample
indicates it may be Nigerian ore, the principal ore processed at the Parkers.
burg plant, Surface soil samples were taken at locations with above background
gamma radiation and were spectroscopically analyzed. The range of concentra-
tions of Ra-226, Pb-214, B1-214, Ac-212, T1-208, and K-40 are shown in Table 2
(Le 78b). For these isotopes, the background concentrations are less than
1 pCi/g except for K-80 with concentration of 12 pCi/g. The limited results
in Table 2 indicate levels of thorium and uranium chain nuclides elevated above
expected background levels,

The monazite fraction of zircon ores typically runs about 3-10% thorfum
dioxide (ThOp) content with a tri-uranium octoxide (Us0p) content up to 0.41%,
Zircon sands of 96.7% pure zircon are currently 1mporza§ and quoted on 2 mini-
mum basis of 65% zirconium oxide (210). Hence the maximum monazite content
of incoming zircon sands should be less than 3.3%. Assnmﬁng & 10% ThOp content
in the 3.3% monazite fraction of the zircon sand, the overall ThO; can%&nt of
the zircon sand should be Yess than 0.33% or less than 300 pCi/g. Nigerfan
sands are reported to range from 0.4 to 7% ThO>. Based on this snd on the as-
sumption that the monazite is some lesser fraction than 3.3% of the non-zircon
portion of the sands, then the values of 120-150 pCi/g for the thorium chain
nuclides do not seem unressonable. Similarily, using a 0.41% U30g content in
the monazite fraction and & meximum 3.3% monazite content, one would estimate
a maximum uranfum or radium-226 concentration, essuming equilibrium, of ebout
38 pCi/g, which seems to be in probably fortuitous agreement with the maximum
measured values of 35 pCi/g for Re-226. The higher K-40 values are certainly
higher than the expected background values of about 12 pCi/g. However, one
stage of the hafnium purifying process uses a potassium chloride molten mix-
ture. If this plant used this process and 1f some of the molten mixture were
spilled, it could account for the higher K-40 values since the potassium
chlioride probably contains about 400 pCi/g.

Between June and September, 1978, Amax Specialty Metals removed sofl from
areas with high gamma radiation levels. About 25 cubic yards of soil were
shipped to the commercial low Jevel burial site in Barnwell, South Carolina.
Two of the three lagoons or §nfiltration ponds were excavated to a three feet
depth and the material was disposed in a nearby hazardous chemical landfill,
The redicactivity of the excavated material is not known since no analyses
were performed prior to disposal. | |




In September, 18978, Atcor resurveyed the site after clean-up efforts and
made recommendations for additional decontamination to reduce Tevels to “as
low 85 reasonably achieveble.” However, it is not known to what extent these
recommendations were pursued by the site owner, It is not known whether any
attempts were made to fdentify the source of the slightly elevated levels of
radioactivity in the buildings.

In December, 1978, the NRC performed a survey of the Akron site (5t 78).

The survey identified one area near & ridge with gamma radiation of twenty
times background. Areas near the lagoons and the tube mill building had levels
ranging from background to ten times. Analyses of the soil samples from these
three locations indicate thorium concentrations in the range 6.0-19 ptiigfwith
background concentratfon of 1.2 pCi/g. The one air sample showed no Rn-220
daughters above background levels. Gamma radiation levels in the buildings
were within twice background, indicating 1ittle contamination after removal of
the gamma gauges.

The site could have been released for industrial use with little clean-up
necessary in order to meet the NYS DOL Industrial Code Rule 38 that no gamma
radiation levels exceed 250 uR/h at the surface and that source material in
sofl be less than 0.05% by weight, which is 5,000 pCi/g of Th-232, Due to
experience at rare metal processing facilities in Albany, Oregon, and Parkers-
burg, West Virginfa, Amax considered a more stringent ¢lean-up program to
meet the goal of "as low as reasonably achievable.” In general, the clean-up
program has been successful, although EPA Region 11 would have liked to have
seen the levels reduced to twice background and to & pCi/g for Ra-226 and
Th-232. A record of processing and disposal activities at the site would have
reatly assisted- in answering questions concerning the possibility of any
uried radicactive materials.

Discussion

It sppears from Fi?urc 2 that the amount of zircon ore imported into the
Urited States has been increasing steadily since 1830, The imports account
for spproximately 50% of the annual U.S. consumption of zircon concentrates;
the remainder is attributed to domestic production and stock piles. Australia
supplied about 60% of the imports before 1950, and over 95% after 1950, Brazil
contributed about 20% during the period 1930 to 1950. In total, the U.5. con-
:ﬁmed :haut 300,000 short tons of zircon before 1950 and 1.3 million short tons
hereafter,

The potential radiological problem can be likewise divided into two periods.
Prior to 1950, most of the Australian zircon was imported as a black sand mix-
ture containing zircon (40-75%), 1imenite (14-43%), rutile (7-18%), and monazite
(2-8%) ores (MY 36). No attempts were made to separate the ores until the sand
mixture reached the processing facility. 1In 1948, the Commonwealth Government
declared 1ts intent to purchase and stockpile monazite ore. As a result, fu-
ture shipments of sand had most of the monazite ore removed in Australia be-
fore export.

~ In order to provide a conservative estimate of the radiological content

~ in the sands imported before 1950, the sand mixture is assumed to be composed
of 8% monazite ore.  Assuming the Th0, content in the monazite fraction to be

as high as 107, then the ThOz content”in the beach sands could reach 0.8% or

about 800 pCifg. Similarily, assuming the Uz0g content in the monazite frac-




tion to be as high as 1%, then the U«0x content im the beach sand could reach
0.08% or about 200 pCi/g. After 1958, the Australian ore had the monazite
fraction separated to some extent, hence the sands contain a minimum of 96.7%
zircon. Assuming the ThO, content in the monazite fraction remains 10%, then
the ThO, content in the beneficiated sands could be as high as 0.33% or about
300 pCi/g, the U30g content could reach 0.03% or about 100 pCi/g. Subsequent-
1y, the rare metals processing faci1ities which operated prior to 1950 may
have greater radiological problems with their chlorinated residues than those
which use ore obtained after 1950,

We would expect that any user of zircon sands would receive some monazite
in the zircon sands, since the separation of {lmenite, rutile, zircon, and
monazite, as indicated in Figure 1, is often {ncomplete. Hence some small
fraction of monazite, containing thorium and uranium will be present in any
industry which extracts titanium, chromium, tantalum, etc., from beach sands.
The monazite and hence the amount of thorium and uranium decay chain products
will vary with the sand origin and the degree of ore beneficiation. In fact,
facilities which need only the zircon, iimenite, or rutfile fraction of the
beach sands and insist on high purity ores may not have as great a radiological

roblem as facilitfes which need only the monazite fraction or use sands with
{ttle ore separatfon.

Producers of reactor grade zirconium have rigid specifications for thori-
um and uranium content and generally require high purity zircon which implies
Tow radioactivity content. To achieve this, the zircon is either purchased
as high purity material or further processed at the rare metal producing plant
to achieve purity. For metal production, then, the radioactivity remains in
the wastes while very little goes with the metal product. On the other hand,
the purity of zircon sands consum:d at foundries is not critical, hence these
sands may have the highest radioa.tivity content. Manufacturers of refractory
materials, producers of milled or ground zircon, and ceramics manufacturers
will most 11kely have some portion of the radioactive content incorporated in-
to the products due to the manufacturing process.

In reviewing information from the annual Minerals Yearbook for 1929 through
1975, over twenty states were identified to have some facility which processed
beach sands in zirconfum, hafnfum, and rare earths production or used beach
sands in foundry processes. Table 3 provides 2 preakdown of the states accord-
ing to the type of processing or use activity. Facilities presently operating
4n these areas of activity can be fairly easily tdentified and evaluated to de~-
termine where these facilities dispose their chlorinated wastes and whether
the sands or concentrates used by the facilities have any appreciable monazite
fraction. For facilities which have ceased operating or changed their owner-
ship or their products, such an evaluation is more difficult.

Since only limited data and in some cases no data are available for radio-
activity and exposure levels associated with industries such as discussed above,
it seems apparent that considerable work needs to be done to assess the environ-
mental and health impact of such industries.
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TABLE 1: Thorium And Uranium Composition In
Monazite Concentrates (Weight Percent)

* ThO, U30g
Australfa AP¢ 78 1
Brazil 6-7 0.2
‘India | 8-10 0.3
Madagascar 8 0.4
South Africa 6 0.
United States fani 4-§ 0.4

TABLE 2: Radicisotopic Concentrations In Soils
From The Akron, New York
Rare Metals Processing Facility {Le 78b)

Radioisotope Range of Concentrations (pCi/a Ory)
Ra-226 2.1 - 3%
Pb-214 0.66 -~ 7.0
Bi-214 0.47 - 2.7
Ac-228 1.3 - 140
Pb-212 1.V - 150
T1-208 1.7 - 120

K-40 8.8 - 120




TABLE 3: STATES WITH RARE METAL AND RARE EARTH PROCESSING ACTIVITIES

Producers of zirconium oxide, zirconium and NJ, MA, AL, M1, OR, WV, NY, OH, PACA, N
hafnium sponge metal, ingot, and alloy

Refractory firms using zircon in products KY, NY, PA, MO, OH, WV, M

Producers of zirconium compounds and chemicals RJ, NY, MA

Producers of zirconium oxide for other than NY, AL, DH, SC,
metal production

Milled and sold ground zircon }, NY, OH, SC,

Producers of rare earth compounds and chemicals NY, PA, CA, CD
Y

¥

Producers of high purity rare earth metals

Processed rare earth concentrates

Processed Canadian uranium mill solutions
for rarec earths
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INTROOUCTION » :
A study of svailable regulations and reports was undertaken to devslop criteria

which could be recommended for decontamination of facilities, soil, silt, under-
ground sewers and equipment at the U.5. Army Weldon Spring (hemical Plant. The
contaminant is believed to be almost entirely uranium which has been saparated
from its daughter products. This will be determined during the course of sub~
seguent survey work. The proposed criteria are for the unrestricted relesse of

the site.

For squipment and facilities, {including the surfaces of underground severs. it

is recommended that the criterie provided by Regulatory Guide 1.86, Terminetricn

of Operating Licenses for Nuclear Reactors be used.

Por soll «  3ilt, the recommended release limit is 0.05 percent by weight which
is taken from 10 CFR 40, Licensing of Source Material. This value corresponds

to 0.15 nci 2%%u/g.

DISCUSSION

Fotentia) Criteria For Fouipment and Facilities

Regulatory ck&te‘rin which establish the “acceptability” of specific levels of
d;ﬁtminatm as a function of end use are, at best, unclear. 10 CFR 20 does
lpiciﬂ.cau; wTq‘s_‘tal::':umh uxim permissible levels of uranium in water and air
for both océugtionglly exposed workers and the general public. These regula-
tions do not, hféweve-'r, define the levels et which cbjects nay Le removed from a

licensed facility, or at what level a facility sust be decontaminated for a i~

.‘ > oL
cense to be terminated.
el e Aadh s

Le
P

A SRS oo
T ”:5' i) 'ﬁ«:.g. ot



aml health physios guide, now WM in 10 CPR 20.1 states that “the

bie sffort to maintain rsdistion exposures

o ﬂnmﬁ i “y:*%muwm:amurtﬂwtwmnem;rutaw

a8 roasonably achieveble® (ALABA} . Wuiuﬁwmmmaﬁwtﬂﬂm
M the "ALARA" walus for suclear pover plants. Although not sperifically
applicabls to part 40 jicensees, & criteria of $1,000/man~res has been astab-
mmumwma ALANA for non-occupstional W in the case of
efflvents from muclesr power resctors. As & futurs effort in this stuly, 1t
is intended to sxamina the spplicability of this critegion to Secommissioning

of tacilitiss. As far as presently known, the criterion has not been spplied

Sscommissioning & nuclear facility.

tabls levels of surface contaminstion for u:«m of property and facilities

to unrestricted use. Fhis guide specities for uraniua an average accaptable
surface wm Jevel of 5,000 dpm 0/100 cu’. The maximm sontanination
mamao,m. the folloving Tabls gives values aleo for Ra-236 snd for Thoriwm.

The Zable_ i saken directly fros Regulstery Guide 1.8%.




TABLL Y
ACCEPTABLE SURVALT CONTAMINATION LEVELS

NUCLIDE® AVERAGEPE | MAXIMUNY ¢ REMOVALLED ¢

Ut U235, U238, ané §,000 dpm a/100 cm? | 15,000 dpm /100 an? | 1,000 dpmeficd cm-
sssucisted dooay producis .

Trmurinics, Ra226,Ra228, | 100dpmi00em? | 300 dpmii00 em? 20 dpm/10C om?
Th230, Th22¢, Pe-231, | |
Ac227,1-125,1-129

Themt, Th 231, $150, | 1000 dpe/ 300 an? 3000 dpm/100 ems 200 dpm/100 e
Ra- 223, Ka224,U-232,
1326,1431,1133

Beis-gamme emitten (nuclides 5000 dpm B4y/100 em? | 15,000 dpm p7/100 em? | 1000 dpm B2t109 oo
with decay modes other than siple ‘
emmission of sposlanems fission) .
exoept $1-90 and others noted abowve, ' '

iastior By WOl siphs- and bew-pamInaemiting Buchoen exists, the Bmits esablished fos $ohe and
eta g should apply incpendently .
B0 wand bu this tablc, dpm (diskviegrations pe1 EEnuit) meam it e of enision by mdisaciive masstiel as Gr i imintd Bocrreting
Bu sounis pai minwws starrved by sk appopriaw dewsior fut bacground, elbenty, ant promewic faglen mwosicd wish e
Splearsrements of gvEnpe contaminant thouid oot be svesaged evar mere s 1 squase metes. For object of ieat susfars aien, e
o atags shoull be durnvd Tor euch woch oot
Brne manimum congaminetion fevel SRTEN 16 BN SE6H of ot vt thas 300 emt.
i smouny of semoveble sadicctyive matonal per 100 et of surface ares should be Aesremingd by wiping thet s with ¢y T €
sefi staorkem pavey, aprinng rieasie prrare, At g the pmnpr: of g ¢ sorienal or the wine syt pr pTliepTLe
i of buown eliioncy. Woen semorabie CORTIFARINOT MR ObREU wf losi wurlase wes detcrmined, G prrnnoni bds
ahiould br seducnd proporionaliy sng the Mt suzises Snaid be wiped.




siolouica) Contamination Limits taken from the Bolling
: 4 mtmt 1.

suclesx Superhester Power Btation pecormissioning Final Re
1970, sre reproduced as Table 2. fhese limits are nearly identical to Regu-

‘latory Guide 1.86 and are typical of reactor decommissioning at several sites;

sonus, Elk River, Hallum and Pique. In the case of the Bonus rucm. 8 por-
tion of the fecility was entombed on site. Each resctor dscommissioned (men-
tioned previously) had # documented decompissioning plan, which included site
survey commitments. Following the decommissioning, & final report vas issuved
which included the final survey results. The survey plans were not given in

dstail. nor &  appear to Le common for ail reactors.

Radioactive Commodities in the DOD Supply Systems, November 1976

regulstions for uranium, thorium and radium, which are identical to the afore-
senticned guides in NRC Regulatory Guide 1.86, when applied to the unrestricted

release of equipment and facilities.

Proposed American National Standard ANSI ¥328-197, Control of kadioactive

minstion on Materisls, Ecuipment and Facilities to be Released

se, is currently in the final stages of review. Permissible

contamination limits, msz&ily the same as Regulatory Guide 1.86, are pre-
to be followed in measuring this con-

santed W with the recormendsd methods
taminstion. ’ This standaxd does not apply to contamination Aispersed through
materisl or eﬁntmimmé soil. Specific criteris for release of items are
presented. Two appendices describe nethods of equipment decontamination and
present a hazard analysis of surface contamination levels. This standard,
when it becomes effective, will only be & "consensus standard” and will repre-
sant "good prectice”. This will only have the effect of 1»& should m NRC or
other l‘mhmmf;menky reference it in @ Im or guide, The NRC currently

has no plans to incorporate it as a Regulatory auiﬂe. however, the proposed

&




ﬁﬁguﬁgiigwﬁ% '3 wond( Jepun PEENLEL 84 PIRGS RidINW ‘Pg/pudid g g 30a Bijpual wmmixm W B WG
Pasn oy HIGO | SORAQ W3 | 8 AYPEIE 0 S0Q w9 Bide iRl swmcE-Sag U R ‘BMRED 304 "PIOR aq duis T WOHAO 20 | WO JMprE 810y
| JaqL08QE TR 0 W13/ B | W) SIOM JOu YBNOIY) PAIRSTIN,,
K0 Jons yisd 49) pasiiap
oG HeuE BINARAR M) BRIE 3ICIRE JaEEM 0 sjoaige 40§ ‘Ssapal SAURbE Of NEg) BIGW J2e0 padiniass aq Jou [IBNE JURURUTINOD 1RI0) JO SlusliaINSEIN 4
: WRIERGT SGE WIEA PRIRIIOGEE BI04 Aol pun ‘Saudiaijse ‘pumodining 0] I 3182 JROD PUB J0J031EP ajEiadosdde wx Ag PRalISGl Rl
Aad BRMOD gk BULEIMIE0) &G PIUIIINEP SR [RISMITW JijiIN0ipEd 4G UOIBEYNE )0 SIS M) SUTAW (I)Rup 20l susjeddaguisipy wdp QYL Sl vl pasa Y §
‘padia 3q {EyS II0INE BN W)
e Aol I000sE PRINDAS 3G (IRNS Bj3ad] Wl iad S WAIE SJEJINE JISE IO 6136{Q0 UO UOIIELIMRINGD GRAOMIS MR W] ADURIINS waOly
P Wemn N Mejsdosdds Ue G)ie Mdie 3y U0 R1REW SalIk0pEL 10 Wnouie ay) pEEaRus PUB dingsaid dieispows 10 VOLIEMIGHE ayl wiim pun Jaded
WAqIOSQE 1R 40 JaNi) AP Yibe Bai Yl Suidie Aq PaUIRIIAIAP 0G TGS BAJE JDELIRE O W3 001 Zad (RiIIN FATIOCOIPRI JQRALLIAS |6 mGWE 3Y L §
dppuapuadapat A1odn fisye
sadusony Miniuis seiinl- K1aq Puk EdIE 101 PaYSHQEMS SHWILT g ‘Rieed sadojua) Bunipued suiunl- njaq pus TqdiE YI0Q AQ UOLIBHIMEIU0D SIRIIRE 1AM o

{uorsei)
snoauniuods 30 WOISRIMS eydie -
eo¥ | I8 Jy il 0] UM VIG) JaI0 Sapoul AXIIP Lite
B3 paisig wdp 000t W ] N M pRiu g Bay  WI001/ 49 WP 0008 sl | W MPRIN BQ Sadojosl) Sdajina suhunl-sieg
. : UOIRSI} SAGRUE)
JW3 001/8 WP BOST FER . -uiuls dg 40 uoRELLS eydit &g
(B2 g3/ wadp 9ot S 0019 WP 005 Bay SN2 0pL/e Wi 00y St go1/° WGP 0001 A2209 Y3 $300108) 2340
. sjanpatd
JHD QOL/® weip 000'SE ¥emM ‘ ABEP PRICLIONEE PUT . ML
S5 003/® wip 0001 N3 0010 WaP 0008 Bay W3 0018 WP G001 4 0ul/® wdp 000'01 L TR R T
33 MgeASaRy : YL § ) SQEAGRAY , sieeL Teadowsy
" - ) ‘ LT

SLINIT NOLWLVNINYLNOD TY:NOUIOIIVE S80 2LONLEIuNA — ¢ FIavVL

-
! ; A + H . @ 3 N . ’ . R
4 ! ! - # ¥ % i B . . E . N ) i




1imits for uranium &re the same as those included in Regulatory Guide 1.86.

Regulatory Gu

it does give the NRC's view
point on jtems it needs to consider to reviev the users' yadistion safety
program. The guidelines presanteé here are the same a8 thoge presented in

MRC Ragulatory Guide 1.86 for scceptable jevels of surface contamination.

There Seems to be adequate precedent for Uranium for using an average ac-
ceptable surface contamination level of 5,000 apm 0/100 o’ for unrestricted
release of equipment and buildings. The maximan contamination level would be
15,000 Gpe 0/100 enm® and the average may be ovexr an sres of 1 square xnetey.

Rexovable contaminstion may pe L000 &pm 6/100 e’ .

potential $oil Criteria

Regulations:

Foz transportation purposes, Army regulations define 0.002 yCi/gram as the
boundary between radioactive and non-radioactive golids. The Depsrtment of

Transportation (DOT) 8ls0 uses 0.002 uCi/gran in granting an exemption from

special txnnﬁportntion*reQuiraments‘

10 CFR 40.4 defines wgource material® as any compination of yranium, ©X
thorium in any chemical or physical form or Ores, which are greater than 0.05
percent in weight. This same definition is also called an "unimportant guan-
tity™ in part 40.13. This value could potentially be used for soil contamina=
tion levels. For U-238, this corresponds to 1.5 X 10~ uci/g. The regulation

clearly states that at this activity level no license is regquired for posses-

sion and use of the saterial. There are no gestrictions placed on the use of
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e report found the limiting pathway of exposurs to be ditfusion of Rn-222.
Secauss the uranium in this cass is in equilibrium with its daughters, the
1imit - based on Ra-226. The limit proposed for unrestricted use is 0.5
pCi/g. The racommendation is also made that esch parent of Ra-226 be limited
to the same value “so that future problems caused by Ra-226 in~growth are
svoided®. This value saans unduly restrictive for application to v-238,
which has bsen separated from long-lived daughter products in that approxi~
mately 10° years will be required for 0.5 pCi/g of U-238 + 0234 to yield
0.4 pCi/g of Ba~226. This report chooses & resuspension factor of 3 x 10-*

from the work of Healy for evaluation of the airborne particulate hazard.

The State of Colorado adopted a standard in 1973 for plutonium contained in
soil. This standard utilizes resuspension factors for plutonium from soil to
air, considers the radicbiological risk ugmuw with general public exposure
to plutonium, and uses the philosophy to keep public exposure to & minism.

The standard that was sstablished was 2 dpm/g dry soil or 0.01 cizmt.

The report presents measurements of plutonium in soil and in air for quiescent
conditions. Following & recomnendation of EPA for conditions where local dis-
turbances were -outine and of high frequency, they adjust the resuspension fac~
tor by a factor of 100. They use the adjusted resuspension ters of 1 x 1077 /m.
They also take credit for a reduction in vgurface” contamination by @ factor

of 10 pased on agricultural plowing in the area.




fhe extansive reviev and trestment of 4sts on resuspension appsars to be appli-
cable to the evalustion of hazards of Waﬂniﬁ in soil. For the long term aversge
Wm&iw walue, & resuspension factor of 3 x 10~%/m is chosen for the wupper
0.1 um layer of soil. Using the 10 CFR 20 non-occupstions]l exposure limit of
3 x 207'? pCi/cc and dividing by three for average population exposure yields
a permissible level in soil of 0.33 uCi/ec U-238/m* for the upper layer of soil.
‘/ This lisit would correspond to 2 x 10~* pci U-238/¢ for the upper (.i em of
? soil using & soil density of 1.6 g/cc. Healy allowed a factor of 10 incresse in
contaminstion with depth in soil. Thus, for any 1 ow depth in soil, the inferved

limit for U-238 weald be & x 10™* uci/g.

Cansda established criteria for the decontamination of facilities and property
fnvolving uranium mill tailings. These critieria are applicable for cases in
which uranium is in equilibrium with its daughter products. The principal
hazard is taken to be radon daughters from the viewpoint of inhalation. Cri-
teria were established for external gamma radistion also. The primary clean-up
criterion for radon daughter products is 0.02WL, and that for gamma radiation
is 0.05 mR/hr indoors and 0.1 mR/hr outdoors. 1In addition, if contamination is
found that was introduced by human activities, it should, where practicable, be
removed to an approved waste site. Additional criteria were established for

prompt interim action and an investigation level.

gineering Assessment of Inactive Uranjum Mill Tailings, Shiprock, New

Radiological crimxin sstablished for this engineering assessment are divided

-into two general at:atawﬂﬂa

1) <Criteria apslicable to #tmc:tuke# with uufingt méieimath them or
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3} Criteris pertaining to the mill tailings site and open land

The criteris wtilized for habitable structures are the guidelines published
by the Burgeon General of ths United States for use in the Grand Junction,
Colorado, remedial program. These guidelines recompend graded levels (based
on yearly sverage values) for remedial sction in terms of the external gamma
radiation (BGR) levels and of the indoor radon dsughter concentration (RDC)
levels sbove background found within dwellings constructsd on OF nEAY uranium

mill wailings.

The yecommended graded levels are as follows:
Wummm

EGR RDC Recomnendetions

Greater thin Greater than Remedial action indicated
0.1 sR/hr* 0,05 WL

Prom 0.05 to Prom 0.01 to Remedial action may s
0.1 mR/hr 0.05 WL suggested

iass than Less than to remedial sction

0.05 mi/hr 0.01 WL indicated

The criteria fa:r jand decontamination have the objective to reducing residusl
Qm radistion to levels which sre as low as practicable. However, topographic
and economic considerations freguently preclude complete decontamination. A
provisional mximw of 40 UR/hr above background is used in such circumstances.
Average background in the Shiprock area was determined in this study to be 9
WW/hr. As & guideline for the land beyond the site, if residual gamma levels
are less than 10 uUR/hr above background, the land may be relsased for unrestric-
ted use. Where cleanup is necessary the radium content of the soil should be

reduced to nomore than twice the radium background in the area. If the radio-

*1 mR/hs = 1,000 UR/he




sctive tailings saterial is stabilized in place, the same criteria apply but
control of gamms radistion would be by an earth covering. However, the ares
should be Sesignated by a controlled area, be fenved to limit access, and be
restricted as to human wmm:y The nuserical guidelines provide a basis
for the angineering assessment, but arc subject to review based on the oversll
Eindings of Phase 1X.

The criteria established were for weapons test debris primarily Cs, Sr, and
Pu. The primary exposure pathwasy was estimated to be ingestion of contaminated
foodstuffs grown locally. The basic guidance was derived from the work of the
Foderal Radistion Council. | The resulting guides for planning cleanup actions
reported were:

Mwole Body and Bone Marrow 0.25 Ram/yy

Thyroid 0.75% Rem/yr

hone 0.75 Rem/yr

Sonalds 4 Rem in 30 yr

Since there is no adeguate scientific 1n£6mtiw which would support genersl
guidance for cleanup of plutordum contaminated soil, guidance can only be de-
veloped on & case~by-case basis using conservative assumptions and safety fac-
tors. With this in mind, the Task Group recommends the following for use in
making Mcixi@ concerning **®Pu cleanup operations at Enewetak:

1) <40 pCi/gm of soil - corrective action not required

2) 40 to 400 pCi/gm of soil - corrective action determined on & case-by-came

basis?, considering all radiological conditions

3) »400 pCi/gm of soil ~ corrective action required

Bince the primary msiﬁ*utim was uxposure via the ingestion pathway, there

e




sppears to be no applicability to the cleanup of uranium.

This veport provides datas on the abundance of naturally occurring radionuclides

in soil and in rocks, Fou U-238, the values in soil range from 0.3 to 1.3 pCi/g.

lowing list in the same units is offered:

Non~radicactive solids for purposes of transportation 2
Exempt from licensing as source saterial 0.15
guggestions for U tailings based on Ra-226 , 0.0005
Calculation based on Iterim Standard for Pu 0.2
Surface contamination of 5,000 4/m/100 ca’ 0.14

Typical soil content 0.001

In conclusion, the recomnended release limit of U-238 in soil is the value
taken from 10 CPR 40, as being sxempt fros licensing or any other requirements.
Mis value of 0.15 nCi/g is in close agreement with the value calculated based
a; theoreticel considerations and Healy's report. It also corresponds simost
exactly with the 5,000 0/dpm/100 co’ for release of equipment assuming the con-
taminant is in the upper 1 mm of soil. The use of 10 CFR 40 has the merit of
;aeim a regulation; the calculations would be additional back-up support.

. 3




U.5. NUCLEAR REGULATORY COMMISSION

REGION 1
Report No. 40-501/82-01
Docket No. 40-501
License No. (~5023 | Priority . Category

Licensee  Aluminum Company of America, Buffalo Works

1880 Elmwood Avenue

Byffalo, New York

Facility Name: Gruber Supply Corp./Commercial Pipe and Supply

Inspection at: 1880 Climwood Avenue/1920 Elmwood Avenue, Buffalo, New York

Inspection congucted: June 29, 1982

iy #% 1§ P2
‘fate signed

Inspector: “-J&

Hobert F. Kelley, senjor Radiophysicist date signed
State of New York

Eﬂég:::) fk:N“Lhﬁ;amw ‘z/g_;'ﬁhw

0. Kinneman, Chief, Materials Section 'datd signed
o

\\
Approved by >

Inspection Summary:

Inspection conducted on June 29, 1982 (Report 40-501/82-01)

Areas Inspected: Special announced closeout inspection of a formerly licensed
site engaged in production of magnesium thorium casting alloys, including inter-
views with current site owners and independent measurements of radiation levels.

" The Region 1 inspector was accompanied by a representative of the State of New
York.

Results: A1l thorium had been removed from the site when the licensee vacated
the site on June 24, 1958. No radfation levels above background were identified
in areas surveyed. The site meets current criteria for release for unrestricted

' use.

3o : Cohy
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DETAILS
Individuals Contacted

A. Car) Gruyber, President
Gruber Supply Corporation
1880 £lmwood Avenue
Buffalo, New York 14207

8.  John Hurley, President
Commercial Pipe and Supply
1920 Elmwood Avenue
Buffalo, New York 14207

Background

Aluminum Corporation of America (ALCDA) was licensed for the experimental
use and production af~wa?nwsium thorium alloys under AEC License No.
€-5023 which named ALCOA's Buffalo, New York and Cleveland, Ohio Works as
authorized places of use. This license expired February 28, 1961 (see
Enclosure A). Information supplied to NRC's Office of State Programs by
the State of New York dated September 11, 1980 indicated that ALCOA
registered 30 mCi of natural thorium (approximately 594 pounds) pursuant
to NYS Industrial Code 38, effective December 15, 1955; however all
materials were returned to the A.E.C. prior to June 24, 1958 (See
Enclosure B).

New York State performed a close~out survey of the ALCOA Buffalo Works at
1880 Elmwood Avenue, Buffalo, N-.w Vork, on June 26, 1958 and found no
evidence of any radicactivity in any nart of the plant. The report also
indicates ALCOA vacated the site on Jue 24, 1958. (See Enclosure 8).

Inspector's Observations and Interviews with Current Occupants of the
Formerly Licensed Site

The site formerly occupied by ALCCA Buffalo works at 1880 Elmwood Avenue,
Buffalo, New York has been owr-u and occupied by Gruber Supply Corpora-
tion since March 1, 1973. Tue facility consists of a two story office/
store building (approximate.y 7,000 ft?) connected by a loading dock/
skylight storage area (approximately 9,000 ft?) to a large warehouse
{approximately 67,500 ft?). The construction of the facility fs brick on
concrete slab. The warehouse area is in part subdivided into smaller
~ storage rooms. (See Enclosure C) the warehouse area is used for storage
~of plumbing and bathroom fixtures.

The inspectors met with individual A and discussed the scope and purpose
of their visit. Individual A provided the inspectors with a site diagram
and granted permission for a survey of the site. He suggested the inspec~
tors contact individual B since the ALCOA foundry site had also included
the warehouse building at 1920 Elmwood Avenue which shares a common wall
and is directly adjacent to 1880 Elmwood Avenue. (See Enclosure C).




aiﬁmdaﬁ&f£am@any @#jamaf5t¢

The inspectors contacted individual B, discussed the background, purpose
and scope of the inspection. Individual B granted permission for a
survey of his warehouse. . :

The warehouse building (approximately 22,500 ft*) at 1920 Elmwood Avenue
shares an approximately 75 foot length along its southern walls in common
with 1880 Elmwood., The building walls are brick and the floor s cement
slab in some areas. This warehouse building is surrently being used for
storage of various size pipe.

Independent Measurements

The inspectors were accompanied during their surveys by individual A at

1880 Elmwood Avenue and individual 8 at 1920 Elmwood Avenue. Radiation

levels were measured at knee level using a Ludlum Model 125 MicroR meter
calibrated April 19, 1982. k

1880 Elmwood Avenue: Radiation levels ranged from 4 to 8 microroentgens
per hour in the offices, hallways and store areas, from 6 - 10 micro-
roentgens per hour in the loading dock skylight, storage rooms and total
warehouse area. Radiation levels increased up te 16 microroentgens per
 hour when the survey meter was placed directly on the brick walls.
Radiation levels ranged from 6 - 10 microroentgens per hour in the out-
side environs 5 to 20 feet from the walls of the buildings on the site.

1920 Eimwood Avenue: Radiation levels ranged from 6 - 10 microroentgens
per hour within the warehouse building with an increase up to 16 micro-
roentgens per hour when the survey meter was placed directly on the brick
walls. Radiation luvels in the outside environs § to 20 feet from the
walls of the warehouse ranged from & ~ 10 microroentgens per hour.

Exit Interyiews

The inspectors reviewed the scope and results of their findings separately
with individuals A and B.

Conclusion

Radiation levels measured at 1880 and 1920 Elmwood Avenue are indicative
of the natural background of the site.

The site meets cyrreﬂt’ﬂkt criteria for release for unrestricted use.
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UNITED STATES . .
ATOMIC ENERGY COMMISSION
WABHING TON 23, 0.8,

BOURCE MATERIAL LICENSE

Licenne No. C-5023
3156 Efgaﬁ:m vam Datod: g ; 1 1860
Ios Angeles 17, Californis ,

Attentions Mr + Re H. Zmmes

Cmtlenen;

Pursusrt to the Atomic Energy Act of 1954 snd Section 40,21 of the Code

of Federal Regulatione, Title 10 - Atomic Energy, Chapter 1, Part k0 -
Lontrol cat Bource Material, you are hereby licensed to receive possession
of and title 10 o 4 oen tundred (1,600) pounds of source mterial for
experimental use and for the production of magnesium thordum casti alloys,

in accordsnce with the procedures descrited im your application of . ebruary ‘
<8, 1958 gnd gour Jetter of March 24, 1958, This license extenis to your |
o 1 K e WOk H;ﬁd%f %ﬁ%@rex‘?’%& Xﬁﬁér possession of and title |

to rai.neé am?ae meterial to any person liceumsed by the Atomic Energy
Commission, within the limits of his license.

As u condition of this license, you sre required to maintsin records of
your inventories, receipts and treunsfers of refined source material.

This license 1s subject to all the provisions of the Atomic Energy Act of
1954 now or hereafter in effect and to all valid rules and reguletions of
the U. 8. Atomic Energy Commission, including 10 CFR 20, "Standerds For
Protection Against Radiation."

Neither this license nar any right under this license shall be assigned or
othervise trapsferred in viclation of the provisions of the Atomic Envergy
Act of 1954<4 i+l L e i e , e i oy

i ¥ L ok k3 A v;, .."4‘,‘,‘,"’;‘
J [N SRS AP Py EERR L 4

This 11@?;q M*expimﬁm,’ 28, Y98Y,. Tl o s oo wesidosgoo o0

.. & e T . P sereabHiR R

FOR THE ATOMIC ENERGY COMMISSIO

J. C. Delaney (

Chief, Nuclear Materials Section
Licensing Branch

Division of lLicensing & Regulation
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Dr. Albert J. Rosso | . Dete  July 10. 1958
Amsot. Xaﬁastr&na Hygient Fhysician S :u;y o 195

o Aluminus Co of haerica = Beg. Folk2

1680 Elmwood avp,

Buffalo, N. Y.
Date of visit: June 26, 1958
Visited by: c. P C&nﬁtn, agaia@hV*;ea$t

Pmrﬁwn interv.ewed: Jos. Sclescia, Yaintersuce Jorezen ‘
Zeacon for vigit: Cn request of the cormrany t¢ check thre builém

irgs for possible contenmineticn,

Thic corpeny vaceted the prenises on June 24, 1958. Taoriua
&lloys hed been uzed in the manuficture of aluuinus castings.
41l residusl redioective moteriele have been revurned to the

AELC,

The 140 K.V.?. G, F. X-ray unit still recains in the

plant subject to sale.

 &~@thmﬁm$"

None.
: > . ' ~
i;:~ “a'#ua"wwﬁ“ﬁ "%" \:‘ ’:‘b’hﬁ““l‘
Oarﬁtliun F. Cardee
Fadlophysicist
Al !“t )r 3633(3, Ii.gl
assce. Industrisl Hyglene ?hysiaimn
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