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RADIOLOGICAL SURVEY
'

0F THE
HARTLEY AND HARTLEY PROPERTY

BAY CITY, MICHIGAN,

INTRODUCTION AND SITE HISTORY

Between approximately 1950 and 1972, Hartley and Hartley operated a
hazardous waste landfill near Bay City, Michigan. During that period, slag,

believed to have originated from the Wellman Dynamics Foundry in Midland,
Michigan, was placed in the landfill. This slag, a waste product of the

thorium-magnesium process, contains elevated levels of naturally occurring
i thorium. In 1972 portions of the landfill property were transferred to SCA

Chemical Services, Inc., and to the State of Michigan Department of Natural
Resources (DNR). Hartley and Hartley retained property adjoining the landfill
site. In preparation for stabilization and final closure of the landfill, the
Nuclear Regulatory Commission, Region III, requested that Oak Ridge Associated
Universities (ORAU) conduct a survey to assess the radiological conditions of

- the Hartley and Hartley property.

i SITE DESCRIPTION

The former Hartley and Hartley landfill is located in Bay County, Michigan,

f approximately 5 km NW of Bay City (refer to Figure 1). Figure 2 is a plot plan
of this site indicating current ownership. The present Hartley and Hartley
property is- primarily swamp; a haul road and -lagoon parallel the _ eastern --
boundary and there are several small fill areas in the swamp west of the haul

| road. SCA Chemical- Services property bounds the Hartley and Hartley property
on the cast. DNR property is to the north. Mr. Hartley indicated that the

fill areas contained some of the thorium slag and that no chemicals had been
disposed of on this_ property. There are no structures on the site.

SURVEY PROCEDURES

The survey of the site was conducted by ORAU during July, 1984 in
accordance with a plan dated July 2, 1984, approved by the NRC, Region III._

a
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Tnis p?an was ciolified during field activities based on additional information
.

pr ovir'ed by NEC and DNR, and findings as the survey progressed.

I

9hinLiv2

'l h e objective of this survey was to provide an assessment of the

radiological conditions and associated potential health ef f ect s, if any, on the

property. hadiological inf ormation to be collected included:

1. direct radiation exposure rates,

2. location of elevated surface residues, and

3. measurement of radionuclide concentrations in the soil.

ILMrd_ turf;

1. A walkover surface scan using portable Nal(TI) gamma scintillation

detectors was conducted throughout the property. In the swamp area

the scans were at approximately 10 m intervals. Scans were at 1-2 m
intervals on areas of fill. Locations of elevated contact radiation

were noted (Figure 3).
I

!
2. Gamma exposure rate measurements were made at the surface at locations

of elevated contact radiation levels as identified by the walkover

I surface scan and at additional locations considered to be

representative of the site conditions (Figure 4). These measurements

were performed using portable NaI(TI) gamma scintillation detectors
_

and ratemeters, cross calibrated onsite with a pressurized ionization

chamber.
.

j 3. Surface soil samples were collected from selected locations of

elevated contact radiation levels and at other locations on the fill

areas.

4. Subsurface samples were collected from two backhoe trenches at

locations of elevated surface radiation levels. Subsurface samples
4

5

2

;
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i

were also collected f rom five boreholes, drilled along the east haul ,

road by Ground Vater Technology, Inc., for foundation studies.'

Locations of subsurf ace samples are shown on Figures 4 and 5.
,

t

$. Ground water samples were collected from three boreholes.

.

6. Four surface soil and water samples and two sediment samples were
i W ptul >

collected from the Eay City area (but not on or near the M k property) ;

to provide tra se line concentrations of radionuclides for comparison
Ipurposes. Direct background radiation levels were measured at the

locations where baseline samples were collected. These locations are

shown on Figure 6.

' Sample A_nalysis and Interpretation of Xesults |

!

Soil samples were analyzed by gamma 6pectrometry. F.adionuclides of primary
interest included Th-232, Th-228, U-238, and Ra-226; however, spectra were
reviewed for other ide ntifi:.ble photopeaks. Water samples were analyzed for
gross alpha and beta concentrations. Additional information concerning

'

instrumentation and analytical. procedures is contained in Appendices A and B.4

Results of this survey were compared to NRC guidelines for residual thorium
and uranium in stil. These guidelines are summarized in Appendix C.

1

'

_
_

RESULTS

Backcround 1.evels and Baseline Concentratiojlg,
,

Background exposure rates and baseline radionuclide concentrations in. soil,
.

sediment, and water for four locations in the Bay City area are presented-in
Tables IA, 18 and 10. Exposure rates ranged from 7-to 9 VR/h both at_ contact-

,

'

and at 1 m 'above the surface. Radionuclide - concent: ations in soil-- were :
Th-232, 0,28 to 0.85 pCi/g -(picoeurie:: per gram); Th-228, 0.10 to 0.47 - pCi/g; .
U-238, <0.74 to 1.41 pCi/g; and Ra-226, 0.37 to 0.80 pCi/g.

f ?
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Radionuclide concentrations in sediment were: Th-232, 0.57 and 0.96 pci/g;
.

Th-228, 0.26 and 0.89 pCi/g; U-238, <0.49 and 1.35 pCi/g; and Ra-226, <0.55 and
0.3 5 pCf./g. Gross alpha and gross beta concentrations in water ranged from
0.21 to 8.02 pCi/1 (picocuries per liter) and 5.77 to 14.8 pci/1. respectively.

Direct Measurecen11

The walkover survey identified several fill areas with elevated contact

radiation levals. Two isolated locaticns in the swamp, in the vicinity of

these fill t.reas were also noted. These locations are in a region about 30 m x

40 m, adjacent to the haul road (Figure 3). They are in the vicinity of
1

4
monitoring well 15.

| Exposure rates at locations 1 through 11, identified by the walkover scan
ranged ta 105 uR/h (refer to Table 2). At other locations (12 through 16) the

.

; contact exposure rates were up to 15 uR/h.
I

Radionuclide Conemtutions in Soil,

Table 3 presents the radionuclide concentrations measured in surface soil

} samples. Concentrations of Th-232 and Th-228 ranged from <0.23 to 95.9 pCi/g
and from <0.16 to 64.0 pCi/g, respectively. Uranium-238 and Ra-226

concentrations are elevated in the samples containing thorium; however, the

levels are much lower than the thorium concentrations. ,

At the two locations where backhoe trenches were dug, subsurface samples'

indicated that the contamination is primarily in the upper 15 cm of soil (see
Table 4). The maximum subsurface concentrations of Th-232 and Th-228 vere2

5.07 pCi/g and 6.80 pCi/g, respectively. The source _ of the contamination
appeared to be a layer -of grayish' material with a consistency of rock, mixed ,

with clay. Soil from the five boreholes along the easta.rn property boundary
did not contain radionuclide concentrations significantly different than those

- - in-baseline soil samples.

E

,

I
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PnJionuclide Concentrations _in Borchole Water Samples
,

i Vater from boreholes contained gross alpha concentrations from <l.51 to
|4.10 pCi/g; gross beta concentrations ranged from 16.5 to 32.2 pCi/g. Gross

alpha concentrations were in the range of baseline samples and gross beta i

concentrations were about twice the maximum baseline levels.
]

COMPARISON OF SURVEY RESULTS WITH GUIDELINES j

The soil guidelines applicable to this site are presented in Appendix C.
The guideline for total thorium (Th-232 plus Th-228) contamination in soil is
10 pci/g for unrestricted use (Option 1). Small areas of fill on the llartley ;

,

and llar tley property contain slag with thorium concentrations exceeding this i

level. The guideline level of 50 pCi/g (Option 2) is also exceeded at these
locations.

'
.

+ t

Concentrations of gross alpha and gross beta activity in water are within-_

!

the EPA Interim Drinking Water Standards of 15 pCi/l and 50 pCi/1,-
respectively.I

!
GUMMARY

A survey of the property owned by Hartley and Hartley was conducted during
July, 1984. The survey included surface radiation scans, measurements . of
direct radiation levels, and analyses of radionuclide concentrations in soil

'

*' and water semples.

>

! Survey findings indicate small areas of fill with a' surface _ layer
(approximately 15 cm thick) of thorium contaminated slag.

!-.

Although the thorium soil concentrations and. contact radiation levels on
portions of this property exceed the NRC target values f or both . unrestricted
and restricted uses, it is unlikely that the- history of this site will= permit
future uses which would pose health hazards to' site occupants or - the. general -
public.

} .-
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TABLE lA.

DIRECT RADIATION LEVELS MEASURED |
' '

AT BASELINE SAMPLE LOCATIONS
BAY CITY, MICHIGAN

i

1

--

aSample Exposure Rate (uR/h)
Location Contact I m Above Surface. -

;

|
*

.i
i

1 8 8
2 9 9 -

3 7 7

4 9 9
'

,

__

a See Figure 6.,

.
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TABLE IC*

;

RADIONUCLIDE CONCENTRATIONS MEASURED IN
BASELINE WATER SAMPLES

BAY CITY. MICilICAN

Sample Radionuclide concentrations (pC1/1 or x 10-9 uCi/in1)8
.

Location Gross Alpha Gross Beta

t
1 3.19 + 1. 2 7 ' - 9.81 + 1.55
2 8.02 + 1.80 14.8 + 1.9
3 0.21 7 0.61 5.77 7 1.12.
4 2.13 _7 0.97 6 25 _7 1.72

1
'

i

a gee rigure 6.
'

e

b Errors are 20 based on counting statistics.'

:
1
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TABLE 2.

CONTACT RADI ATION LEVEL.S MEASURED
ON THE ;

HARTLEY AND llARTLEY PROPERTY i

BAY CITY, HICHICAN !
!

!

dLocation Gamma Exposure
Kates At The |

Surface i
'(pR/h)
,

P

Identified by Surface Scan

| 1 84 *

I i

2 24
.

>

3 45,

.3

4 105

5 21

'
6 105

) '

7 18

I
8- 75

,

9 51

I
10 18

11 51
.

4

Other Locations

12 -14

13 15

14- 10
,

'f

15 11-
~

16 14 5

a Ref er to Figure 4.,

'
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TABLE 5

RADIONUCLIDE CONCENTRATIONS MEASURED IN WATER SAMP1LS
COLLECTED FROM BOREHOLLS

liARTLEY AND llARTLEY - BAY CITY, MICillGAN

Borehole Rad i onuc l ide Concentrations (pCi/1)
Number Gross Alpha Gross beta

5. jb1 <2.45 32.2 +

4 4.10 + 3.30 16.5 7 5.3
5 <1751 23.8 {5.3

a Refer to Figure 5.
b Errors are 20 based on counting statistics.
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APPENDIX A
,

Major Analytical Equipment

The display or descripti>n of a specific product is not to be construed

as an endorsement of that produc , or its manuf acturer by the authors or their
employer.

A. Direct Radiation Measurement 4

Eberline PRM-6
Portable Ratemeter
(Eberline, Sante Fe, NM)

Victoreen Gamma Scintillator (Nal) Probe
Model 489-55
(Victoreen, Inc. , Cleveland, 011)

Reuter-Stokes Pressurized Ionization Chamber
Model RSS-111
(Reuter-Stokes -Cleveland, OH)

!
B. Laboratory Analyses

i Ge(Li) Detector
) Model LGCC2220-SD, 23% ef ficiency

,/ (Princeton Gamma-Tech, Princeton, NJ)

Used.in conjuction with:
Lead Shield, SPG-16
(Applied. Physical Technology, Smyrna, GA)

Pulse Height Analyrer, ND680
Model 88-0629
(Nuclear Data, Inc., Schaumburg, IL)

High-Purity-Germanium Detector-
Model CMX-23195-S, 23% efficiency,

(EG6G ORTEC, Oak Ridge, TN)
.

Used in conjunction with:
Lead Shield, G-16
(Gamma Products Inc. , Palos Hills. IL)

Low Background Alpha-Beta Counter
Model LB5100-2080
(Tennelec, Inc., Oak Ridge, TN)

|

| )
.
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APPEND 1X B
.

Analytical Procedures

G at= g_S j nl illiitjpn Me a s u r er e n t s

Walkover surface scans and measurements of gamma exposure rates were

performed u s i ny, Eberline Model PRM-6 nortable ratemeters with Victoreen

Model 489-$5 gatma scintillation probes containing 3.2 cm x 3.8 cm NaI(TI)

crystals. Count rates were converted to exposure rates (;R/h) using factors

de t e m i ne d by cross calibration of the scintillation detectors with a Reuter

Stokes model RSS-lli pressurized ionization chamber, at several locations on

} the surveyed property.

Soil and Sed _iment SamM e Analysi.f

Soil and sediment samples were dried, mixed, and a portion sealed in a

0.5-liter Marinelli beaker. The quantity placed in each beaker was chosen to

reproduce the calibrated counting geometry and ranged from 400 to 800 g of
soil. Net soil weights were determined and the samples counted using Ge(1,1)
and intrinsic germanium detectors coupled to a Nuclear Data model ND-680 pulse

|
height analyzer system. Background and Compton stripping, peak search, peak
identification, and concentration calculations were performed using the

computer capabilities inherent in the analyzer system. Energy peaks used for

determination of radionuclides of concern were:

Th-232 - 0.911 MeV from Ac-228*
Th-228 - 0.583 MeV from T1-208*
U-238 - 0.094 MeV from Th-234* or 1.001 MeV from Pa-234m*
Ra-226 - 0.609 MeV from Bi-214*

* Secular equilibrium was assumed

Water Sample Analysin

Water samples were rough-filtered through Whatman No. 2 filter paper.
Remaining suspended solids were removed by subsequent filtration through
0.45 v m membrane filters. The filtrate was acidified by addition of 10 ml of

concentrated nitric acid. Aliquots were then evaporated to dryness and counted
i

i

B-1
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! for gross alpha and gross beta using a Tennelec Model LB $100 low-background
,

; proportional counter.

i
:
i falibration and Quality AssuJjnce ;

1,
i

.

All survey and laboratory ins t r uc>en t s were calibrated with NBS-traceable !
'

standards. Quality control procedures on all instruments included daily j
; <

background and check-source snea surement s to confits acceptable equipment

operations. The ORAU laboratory participates in the EPA Quality Assurance
i
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APPENDIX C ,

' NUCLEAR REGULATORY COMMISSION
GUIDELINES FOR RESIDUAL CONCENTRATIONS

OF T110RIUM AND URANIUM WASTES IN SOIL
i
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.

Guidelines. for hesidual Concentrations of Tborium
and Uranium Wast es in Soila

On October 23, 1961, the Nuclear Regulatory Co= mis sion published in the
Federal Register a notice of E:anch Technical Position on "Di s po i,a 1 or
Onsite Storage of Thorium and Uranium War t es from Past Operations." This

docueent establishes guidelines for concentrations of uranium and thorium
in soil, that vill limit v.aximum radiation _ received by the public tmder -

'

various conditions of future land usage. These concentrations are as
follovst

i

I
- . --

--
- - -

Maxicum Concentrations (pCi/g)
for var _ioys_opl onso i

!bterial la 2b 3c 4d
--

Naturni Thorium (Th-232 + Th-228)
with daught ero present and in

500equilibrium 10 50 --

1

Natural Uranium (U-238 + U-234)
with daughters present and in

40 200equilibrium 10 --

Depleted Uranium:
.1,000

_
soluble 35 100 --

3,000Insolubic 35 300 --

Enriched Uranium:e
1,000~

solubic 30 100 --

2,500Insoluble 30 250 --

abased on- EPA cleanup standards which limit radiation to 1 mrad /yr to
lung and 3 mrad /yr to bone from ingestion and inhalation and 10 uR/h

,

above background from direct ext ernal exposure,
b ased on limiting individual doses to 170 crem/yr.B

cBased on limiting equivalent exposure-to 0.02 vorking level-or less.--

dBased on limiting individual doses to 500 arem/yr and-in case of-
_

natural uranium, limiting exposure to 0.02 vorking level or less.

.

-

.

k

l C-1
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,

Option 1 concentrations peruit unrestricted use of the property and is
the guideline applicable to r.ur f a c e soils, Options 2, 3, and 4 apply to-

buried vastes and assume that intrusions into tbc burial sites cay occur.
Regardless of the concentrations in the buried caterials, surface soil cust*

neet the Option I concentration guidelines.

4
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