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- SAFETY EVALUATION REPORT, REQUEST DATED NOVEMBER 29, 1988,
RE RELEASE OF LAND FOR UNRESTRICTED USE

ER |

Background o o o oo SR . ¢
-In 1982, CE tinitfated cleanup of a wooded area at the Windsor, Connecticut site.
The area was contaminated with residue from burning scrap metal .containing al- Lo
Toys of uranfum and thorium, ' In 1984, Oak Ridge Associated Unfversities ?ORAU) o
tonducted a confirmatory survey of the site. The results indicated several Lo
areas had residual contamination. CE further decontaminated the area and on

November 29, 1988, submitted a report detailing their survey results and |
‘requested the area be released for unrestricted use (copy attached). ORAU at £
the request of the NRC Region ! office conducted a followup confirmatory survey e
> £o evaluate the radiological conditions. ORAU submitted the final report on E
§ay 24 1989 (copy attached). - e :

The s011 guidelines applicable for unrestricted release are those from Optfon 1
-of .the Branch Technical Position (BTP) (copy attached). The concentrations are
30 pCi/g for enriched uranium and 10 pCi/g for natural thorium. :

- ORAU's rtsuTtsﬂindicats that a1l grids but one meet these criteria. One small
area (less than 10 ft ©) exceeded the guideline for thorium. This area had

-8 concentration of 14.6 pCi/g. The area when averaged with the remainder of
.the grid, based on the composite sample, was less than 2 pCi/g. This average
concentration meets the guidelines. Based on ORAU's confirmatory survey
results, this area meets the guidelines for unrestricted use,

Ve‘%érxdatédﬁdbhéﬂ30;”f989:1cbby attached), transmitting Inspection Report
Ho. 89-03, the Region I Office stated that the area meets the criteria for
unrestricted release and informed the licensee that the area could be released.

oy



Based on the results of the ORAU survey,
rea be released for unrestricted use.

i
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- Orginal Signed By
- Merri Holm
- Uranium Fuel Sectfon
~ « Fuel Cycle Safety Branch
Division of Industrial and
; : . Medical Nuclear Safety, NMSS
 Orlginal Signed By ; S

Beorge W, Bidinger, Section Leader

i
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Mr. L. C. Rouse, Chief ‘ :
Fuel Cycle Safety Branch :
Division of Fuel Cycle, Medical, Academic
- and Commercial Use Safety

-U. 8. Nuclear Regulatory Commission
Attn: Document Control Desk -
Washington, D.C. 20555

i

Subject: ; ~ Request for Release of Land for Unrestricted Use

Reference:  Letter from H. V. Lichtenburger (C-E) to W. T. Crow
(NRC) Dated November 10, 1980

Dear Mr. Rouse:

Several years ago a section of wooded area on the Windsor site was
discovered to be radiologically contaminated (Reference). This area

 has since been decontaminated and a radiological survey has recently
been completed. '

A report (Enclosure) detailing the results of the radiological survey
performed is provided for your use. Based on the conclusions of this
survey, we request your concurrence that the subject area be released
for unrestricted use.

If you have any questions regarding this material, please do not
hesitate to call me or Mr. C. M. Molnar of my staff at (203)-285-5205.

Very truly yours, ‘
COMBUSTION ENGINEERING, INC.

~A. E®ZScherer
Director
Nuclear Licensing

AES:jeb ,
Enclosure: As Stated , 25962
cc: J. Roth (NRC - Region I) w/enclosure

Power Systems ‘ 1000 Prospect Hilt Road (203) 688-1911
Combustion Engineering, inc. : Post Office Box 500 Telex: 99297 »
Al | Windsor, Connecticut 06095-0500 ' AtkcnneX \




COMBUSTION ENGINEERING, INC. PROPERTY

WINDSOR, CONNECTICUT

NOVEMBER, 1988
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n 1932 Cosbustion Enginesring, Inc. decontsminated a wooded ares on the
property contaminated with residue from burning screp metal
eontaining alloys of uranium and thorium. The material was generated as

part of a former 0. 8. lavy pro;tu cnd was in placo tor et least 20 years.

During October ot 1986. a eonnmtoxy udiolo;ical survey of the
decontaninated area was performed by Osk Ridge Associated Universities at
the request of the U. 8. Fuclear Regulatory Commission. Results of that
survey indicated the presence of mumerous {solsted hot spots and socme
general areas of elevated direct surface radiation. A subssquent review by
Cosbustion Engineering personnel revealed that some eontaminated soil
gemained just below the surface of the land., It s believed that power

, squipment ground some contamination into the surface layer of
tho ocu durln; clun up opcuttm. .

!n«Jun. of 1986. an .dd&tional 15 ¢o 30 ccntinotor: of soil waz removed
£rom the surface of the area utilizing a special technique to prohibit th.
earth removal equipment from re-contaminating the area. A
post-decontamination survey was also performed in June of that year. In
order to provide more comprehensive results, the original 30 foot grid was
subdivided into & 135 foot grid pattern. Survey results of the ~
pos:-dccontulmtioa are vrovided in two uttachment-: :

Amchunt A - Dirsct Cemms Radistion Survey of 15 foot Crid
Intersections at Thoriuam and Uranium Burning Pit

Amch-cnt 8 - Radionuclids Concentrations in Surface Soil Samvle
Collected from Wooded Area on Combustion Engineering

Property.

a rnhv of Attachment B Indicated a U-235 concentration of 1.98 pci/graa
at location N60/E75. Results of & mass spectroscopy of samples from this
location revealed a U-234/U-235 ratio of 39. As e result, location N60/E7S
h the next highest U-235 concentration, W150/E120, were
manually decontaminated and re-snalysed with the following results:
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4
; inated and meets the eriteria for unrestricted use of the
Proparty as established by the U. 8. Buclear Regulatory Commission Branch
Technical Position on °*Disposal or Onsite Storage of Thorium and Urenium
Wastes from Past Operatioms.® o o Rm e
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This survey was wfonoa to docmat the direct gamma dose rates at the
‘surfoce of all grid intersections and st one (1) meter above the surface lt
a1l grid intersections. The 15' grid was estadlished to give @ better
dc!muoa ot the burning pit ares (eee grid msp).

Q

The survey dnstrument esed vas @ Ludlum 125 micro R meter which
reads in micro R/hr gemma,

Three (3) beckground resdings were taken st separate loatim and

Each reading wvas taken -ftcr et least tventy (20) ucondn of

4 7igid stand wvas wsed to take the one (1) meter veadings and the
surfece readings were taken with the meter resting on the ground.

L | = '

The survey sheets are included for informstion but the meximun readin
wvere 13 uR/hr with a background aversge of 10.3 at one {1) meter, nnd 8
maximum veading st the surface of 15 uR/hr. The background for the
surface yeading was 10.6 uR/hr. ‘

Paée 1



Grid 7 .. Crid
Location (in feet) Camma Dose Bate uR/hr Locstion (in feet)
¥ ; | 4 : at_one meter at surface ‘ N B

0O o ~ 10.0 3 0
15 | 9.5 15
) 8.5 30
43 9.0 4s
60 | , 90 60
s | 9.0 78

90 : 9.0 0.0 , 90
103 : 9.0 10.0 : 103
120 10.0 : 11.0 120
133 10.0 10.0 135
150 ; 10.0 - 10.0 150

13 ' . lo.0 9.3 13

30 . . 9.0 g 9.3 ; 30
45 9.5 9.3 43

60 9.0 9.0 60

75 9.0 11.0 75

90 9.0 9.5 90
105 9.3 - 9,0 : 105 .
120 11.0 13.0 120
135 11.0 10.0 135
150 10.0 10.3 150

Z 9884



AL Rndingn are in Total ellbr Including Backgrouod of 10.3 ullht Amm

o Crid ' » Grid
Locntion (1n feet) Cswme Dose Rate uR/hr Location (m feet)

&t one meter at surface

60 0o " 8.8 . 90 90 0
15 8, 15
30 » 30
&3 , f 43
60 , 60
s o 75

90 %

105 o 105
: 120

135

150 | 150

0
15
30
- 45
60
73

i

90

120
133
150




Grid

Locstion (ia feet)
R

m
Cesma Dose Rete u!&; .

_8t one meter

@t surtece

/he Taclodiog Beckgrownd of 10.3 /it hrersge

s Crié ‘
Loca;iou (i: feet)

120 0 8.0 9.3 150 0
’ 15 13.0 13.0 15
30 11.0 11.0 30
4 9.3 43
60 10.0 60
73 9.0 73
—d .
90 . 9.8 8.3 80
105 * 10.0 9.3 103
133 9.0 9.3 133
150 9.0 10.0 150
133 0 ,11.0 9.3 163 o
15 . 11.3 11.3 i3 R
30 11.0 12.0 30 LT
43 13.0 13.3 43
60 10.0 10.0 60
73 . 9.0 8.3 73
90 9.0 -10.3 S0
103 9.3 9.3 105
120 9.0 10.0 120
133 i0.0 10.0 133
150 10.3 10.0 150

o 28eg




A1l Resdings are in Total uk/hr Including Background of 10,3 ul/hr Aversge

#

“orid _
ption (:n feet)

Trid
Casma Dose Rate uR/hr Location (in feet)
at one meter at surfece L) 4

oG AN

0
i3
0
45
60
73

900 9. 5
1000 10.0
10.0 10.0
10.0 10.0
10.5 10.9

9.3 9.3

90
120
150

0
13
30
45
60
73

90
120
159
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Errors and Detectfon Linits
_Calibration
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WRC Guideldnes for Residual Concentrations
of Thorfum and Uranfum Wastes in Soil

®

@




List o¢ Floures

Site Grid Systa for Sm"ng Locations

location of ORAY Dctenmd Areas of Elevated
Dlmt Surﬂco ludnticn

c-: Emiromm'l Summam Program On-site
Sempling Locations

C-t Emtmﬁtn Surveillance Proqm Off-site
Sampling Locations

Location of mshext Enrtchcdovnniw Concentrations
in June 1986 Soil Ssmples

Location of m ghest Thoriu Concentrations
in June 1986 Soﬂ Samples

Someny Spectrum of Soil le fro- €rid Location
lorth-SO’IEutJS‘ Sap 1986




&

List of Tables

Radfonucl{de Concentrations fn Surface Sofl
lTes Collected from Grid Line Intersections
at C-E Property Windsor, Connecticut
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¥indsor Connecticut -




the dats of the major peaks,

Semples were dried and mixed and :hced fn a 450 @1, Marinellf beaker. The
volume of sofl placed {n each beaker was chosen o reproduce the calibrated

counting geometry, and typically ranged from 400 o 700 grams. Het wefghts -
were determined and the samples counted on a Ge(L1) (germanium) detector
{ 4096-channel, multi-channel analyzer.

used for determination of the
veral other peaks were used to werify

U-235 186 ~ Ra-226 contribution subtracted,
o U-238 93 ~ The23d daughter*

1SOTOPE ENERGY (KEV) REMARKS

®

Ra-226 609 Bi-214 daughter®
Th-232 -8 Ac-228 daughter®
The-228 - 583 ' T1-208 daughter*
%uhr equilibrium assumed.

Spectn were reviewed for other gasmma emitters. The only nuclide, other than

k4

naturally occurring {sotopes and daughters of the {sotopes listed above,

fdentified in most of thk spectra, was cesfum-137. The origin of the cesfum-137
@most probably 1s fallout from Chernobyl and old bomb tests. Peak fdentification

and calculations of concentrations, statistical counting errors and detection

~ sensitivities were performed by the computer capabilities inherent in the

analyzer system {n most cases.

Spectra were plotted on a1l samples and are on file for review. All
spectra were also recorded on magnetic tape for future reference if needed.

 BACKSROUND

For comparison purposes, concentrations of radionuclides {n soil nmplesA

collected both off-site and on-site in September. 1986 as part of the

*- CE Environmental Surveillance Program are 1isted In Table 2. Sample

Tocations are indicated in Figures 3 and 4. Most of the samples
collected from the grid locations to verify the cleanup did not vary
greatly from the environmental collection samples, :




Ahak'ljs'e's Results

Table 1 1ists the concentrations of radionuclides measured in surface
gsoil collected in June 1986 from the grid intersections {1lustrated in
Figure 1. Concentration ranges (pCi/gram) were U-235, «0,02 to 1.98;
U-238, <0.26 to 5.64; Ra=-226, 0.39 to 1.49; Th-232, 0.14 to 4.05;

- Th-228, <0.19 to 3.72, Most of these samples had radionuclide
gctivity concentrations comparable to the environmental survey samples.

Five samples had U-235 concentrations exceeding 0.5 pCi/gram. They were

' Tocated at grid intersections N-15°/E-120°/E-135°, N-30°/E-120, W-60°/E-75°
and H-150°, E-120. Figure 5 shows the location of these samples. The
highest U-235 concentratfon found was 1.98 pCi/gram in the sample collected
.8t grid intersection N-60°/E-75° L

Seven samples had total thorium concentrations exceeding S pCi/gram.
Figure 6 shows the grid intersections where these samples were collected.
They were located at grid {ntersections MN-60°/E-75°, N-60°/E-90°%,
W-75°/E-75°, ¥-150°/E-45°, W-150°/E-60°, H-150°/E-150°, and M-165°/E-90°,
The highest reading was 7.77 total pCi/gram at K-60°/E-75°,

Figure 7 shows two four-color plots of the spectrum collected on the sample
from grid intersection N-60°/E-75°, The top plot covers the spectrum from

1.2 to 512.6 kev. Vertical full gcale {s 16384 counts. The bottom plot

ghows the portion of the spectrum from 514.1 to 1025.6 kev. To enhance
| peak visibility in the plot, vertical full scale was changed to 4096
A1 samples were counted over the energy nnge of =50 kev to =2.0 Hev and
reviewed for unusual energy peaks. Cesfum-137 was found in mearly all
samples. The highest concentration found was 1.8 pCi/gram of soil.

Comparison of Survey Results with Guidelines

‘l’h«e~ soﬂ {delines applicable to this site are presented 1n Appendix A.
The guideline for total thorfum (Th-232 and Th228) contamination 1n sofl {s
10 pCi/gram for unrestricted use (Option 1). The enriched uranfum limit is

30 pCi/grem.

None of the soil samples collected in June 1986 €for this survey exceeded
the guidelines mentioned. The highest thorium concentration found was less
‘than 8 pCi/gram. This sample was taken at grid Tocation 60 Worth, 75 East.
The Mghest U-235 found was also at this grid location and was 2 pCi/gram,
far below the guideline limit. ,



Errors and Detectfon Linits ,
The errors assocfated with th }{t) data presented in the tables
€0

0f this report, represent the 95% confidence level for that data.
These errors were calculated, based on both the gross sample count
levels and the assoctated background count levels. When the met
sample count was less than 2 statistical deviations of the background
count, the sample concentratfon was veported as less than the minimum
detectable activity (<MDA). This means that the radfonuclide was not
present, to the best of our ability to measure ft, utilizing the
analytical techniques described. Because of variations in background
levels, caused bﬁn:th" constituents in the samples and length of
coun% time, the ‘s for specific radionuclides differ from sample to

In addition to the countin errors 4n the samples, there s an overall
error of approximately 6% in a1l snalyses due to uncertainties in
calibration standards and various laboratory messurement procedures.

Calibration and Quality Assurance

. Laboratory and analytical Instruments were calibrated using WBS-traceable
“standards. Quality control procedures on a1l instruments included perfodic
background and check-source measurements to confirm equipment operation
within acceptable statistical fluctuations.

>
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AREAS OF ELEVATED © eLEVATED RADTION LEVEL
DIRECT RADATION X Total Thorfum >10 pCi/gram

Location of Areas of Elevated Direct Surface Radfation
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Bullding
8 Cooling Towsr Area
South of KDL

0 " Korth of Building' &
'Y ‘East of Building 2
2 'South of Building 2
'3 %Vaat of Building 2
TR North of Building 17
TB Eaat of Building 17
TS South of Building 17
™ Voat of Buudlng 17




River and Mud Sangies
(1) \Nndsér Bridge |
® Poquonock Bridge ’ | l :
® Rainbow Dam

(D Spoonevilie Bridge

® Plant Outflow L

Senni-Annual Vegetation and Soil
@ Tunxis and Griffen Road Inter,

D G

@ Dayh111 and Prospect Hi11 Roads Inter, .
® Tobacco Field 1/2 mile Eust of Site

@ Tobscco Flaid N.M. of Site on Blue
- Ks Ave., Ext.’
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Radfomsc}ide Corcentrations n Surface Sofd Samples

Collected from Grid Lipe Intersections at C-E Property

Windsor, Connecticut
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Windsor, Connecticut

 Radionuct ide Concentrations fn Serface Sol! Samples
Collected fm 6rid Line Intersections at C-E Property
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¥indsor, Connecticut

Collected from Grid Line Intersections at C-E Property
. Location N60/E73 was re-cleaned. Data superseded

 ”5“5.
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Radfonucl{de Concentrations (pCi/grem)
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fppendix A

L Guwe‘lfms for‘ Residual Concentrations of Thorium
; and Uranfum Wastes In So
On October 23, 1981 the Nuclear Regulatory Commissfon published in the

Federal Register @ notice of Branch Technical Posftfon on ®0isposal or ,
Onsite Storage of Thorfum and Uranium Wastes from Past Operations.® This

document establishes guidelines for concentratfons of uranfum and thorium

{n soil, that will 1imit maximum radiation received by the public under
:u;j‘oos ‘conditions of future land usege. These concentrations are as
follows: '

PR

Maximum Concentrations (pCi/g)
for varfous options

faterfal L L gy

Natural Thorfum (Th-232 #Th-228)

with daughters present and in '
. equilibrium 10 40 oo 500

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

equilidbrium 110 - 40 200
Depleted Uranfum: A : o

Soluble 3as 100 - 1,000

Ensoluble | ‘ 35 . 300 - 3,000
Enriched Uranium: ‘

Soluble ¢ 30 100 - 1,000

Insoluble | ; 30 250 oy 2,500

8gased on EPA clesnup standards which 11mit radiatfon to 1 mrad/yr to lung
and 3 mrd/yr to bone from ingestfon and {nhalation and 10 yR/h above
pbackground from direct external exposure. .
cbased on 1imiting Individual doses to 170 mrem/yr. ~
Based on limiting equivalent expoture to 0.02 working level or less.
Based on 1imiting individual doses to 500 mrem/yr and in case of natural
granfum, 1imiting exposure to 0.02 working level or less.

Option 1 concentrations permit unrestricted use of the property and is the
guideline applicable to surface soils. Options 2, 3, and 4 apply to buried
wastes and assume that intrusions into the burial sites may occur.
Regardless of the concentrations in the buried materials, surface sofl
must meet the Option 1 concentration guidelines.
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high-enrichment wuranium facility at their Windsor, Connecticut, site

FOLLOW-UP

CONFIRMATORY RADIOLOGICAL SURVEY
, OF THE |
_DRUM STORAGE AREA |
COMBUSTION ENGINEERING PROPERTY
WINDSOR, CONNECTICUT

INTRODUCTION

Combustion Engineering decontaminated and decommissioned a former

epproximately 25 years ago. Some of the waste from decontamination operations
wvas burned and the ash placed in drums for disposal; hovever, subsequent

surveys identified some areas of residual soil contamination. Combustion

~£nginocring performed cleanup of this area and packed and shipped residual ash

to the Barnwell Radiocactive Waste Disposul site. Soil samples collected after

cleanup {dentified surface uranium contamination at some locations of the drum

storage erea still exqeeding Nuclear Regulatory Commission (NRC) guidelines.
An additional 5 to 7 cm of soil was removed from these areas. At the request

of the NRC the Radioclogical Site Assessment Program of Oak Ridge Associated
i Universities (ORAU) conducted a confirmatory survey of the site in October of
; 1984.1 The results of that survey indicated that several areas had residual

enriched uranium and thorium surface soil contamination in excess of the

guldelines established for unrestricted use.

In June of 1986 an additional 15 to 30 cm of soil was removed from the

surface of this area by the licensee. ORAU at the requesc‘of NRC Region 1

conducted a follow-up confirnacory survey to evaluate radiological conditions

- relative to the guidelines established for unrestricted release.

SITE DESCRIPTION

The site encbupasses an ares of approximately 0.5 ha (75 ft X 75 ft) and is
located at 1000 Prospect Hill Road, Windsor, Connecticut which is 13 kilometers
north of Hartford and within 5 kilometers of Bradley International Airport -
(Figuré 1. The site {is adjacent to an active low-enriched uranium fuel
fabrication plant and a naval reactor training center. A plot plan of the



Combustion Engineering Property, showing the location of the drum storage ares
is shown in Figure 2. '

SURVEY PROCEDURES

At the request of the Nuclear Regulatory‘Connisslon. a confirmatory survey
of the burn and drum storage area of the Combustion Engineering site was
performed by the Radiological Site Assessment Program on March 28, 1989. This
section describes the survey objectives and the procedures followed.

: Ob]ectives

The objectives of the ORAU survey were to confirm the radiological data
developed by Combustion Engineering and to determine the nature and extent of
residual radiocactive material present in this area. Radiological information
collected included:

diroéc radiation levels,

L]

locations of elevated surface radiation,

concentrations ofv:adianuclides in surface soil, and

DR V- R N I

. baseline radionuclide concentrations in the surrounding areas.

Background and Baselfine Samples

Radiation measurements amd soil samples were obtained at five locations off
of the Combustion Engineering property, to establish background radiation levels
and bascllnoytldiohuclide concentrations. The locations of the baseline samples
and background radiation levels are shown on Figure 3.

Gridding
A 30 foot grid pattern, established as part of the licensee’s cleanu@ and

survey activities, was used for ORAU survey reference. This grid system is
shown on Figure 4,



Surface Measurements and Sampling

1'

~elevated

Portable ratemeters (audible) attached to NaI(Tl) gamma scintillation
dstectors were used for the walkover surface scan. The valkover
surface scan was conducted at 1-2 m intervals over all areas of the
site. Locations of elevated contact radiation were noted.

Camma exposure rate measurements were made at the surface and at lm
above the surface at grid line intersections and at locations of
radiation {dentified by the

Measurements were performed using portable gamma Nal(T1l) scintillation

levels surface scan.'

survey meters. Conversion of these measurements to exposure rates in

(uR/h) was

calibration with a pressurized ionization chamter.

uictoroentgénz per  hour in accordance with <cross

Surface (0-15 cm) composites of soil, taken from the center and four
points equidistant between the center and the grid block corners, were
collected from each grid block. Samples were also taken from areas of

elevated contact radiation, identified by the walkover scan.

Sample Analy:is and Interpretation of Results

for other gamma emitters.
and thorium.

Soil samples were analyzed by gamma spectrometry. Radionuclides of primary
~interest were U-235, U-238, Th-232, and Th-228; however, spectra were reviewed

Selected samples were analyzed for isotopic uranium
Additional information concerning measurement and analytical

equipment and procedures are described in Appendices A and B.

Survey findings were compared with NRC guidelines for residual thorium and

uranium contamination in soil.

“RESULTS

Background Levels and Baseline Concentrations

Background radiation levels and baseline radionuclide concentrations in

soll, determined for five locations in the wvicinity of the Combustion




tn;lhooring gsite are presented in Tables 1 and 2. Exposure rates at the
surface and 1 m above the surface rdngod from 9 to 10 uR/h. Concentrations of
- tadionuclides 4in soil were:  U-235, <0.2 pCi/g; U-238, <0.7 to 1.8 pCi/g:
‘ Th-232 0.3 to 0.8 pCi/g and Th-228, 0.7 to 0.9 pCi/g. These values are within
fgthc tanges that typlcally occur in the environment.

~ Direet Radiation antln

, Cross gamma scanning f{dentified four locations of elevated contact
 radiatfon levels in small isolated areas on the site (Figﬁrc 3). There was no

‘ cvidnnco of significant or widespread contamination. GCamma exposure rates
nta:urod at 5:16 line intersections ranged from 8 - 11 uR/h and 8 - 15 uR/h at
1 ®m end contact respectively (Tablc 3). Exposure rates measuved at locations
fdentified by the surface scan initially ranged from 13 - 15 uR/h st 1 m and
23 - 26 pR/h at contact (Table 4). Additional remediation reduced exposure
rates to 9 - 11 sR/h and 11 - 15 uR/h at 1 m and contact, respectively,

-gkndionuclid. Concentrations in Soll

Radionuclide concentrations in composite surface soil samples from grid
:blocks are presented in Tablc S. Concentration ranges were: U-235, <0.2 to
0. 8 pCi/g; U-238, <0.4 to 2.9 pCi/g; Th-232, <0.3 to 3.7 pCi/g, and Th-228, 0.6
to 4.2 pCi/g.

Table 6 lists the pre- and post-remediation concentrations of radionuclides
measured in soil sanplés from locations of elevated direct radiation.
Concentrations prior to remediation ranged to 12.8 pCi/g for U-238, 27.9 pCi/g
for Th-232, end 28.2 pCi/g for Th-228. Following remediations, the
- radionuclide levels were significantly reduced. Concentrations of U-235 were
below detection 1limits (<0.3 pCi/g); the highest U-238 concentration was
4.6 pCi/g, and the hlghest,total‘thorlun concentration was 14.6 pCi/g.

Alpha spectrometry for uranium and thorium was performed on three samples:
results are presented in Table 7. Based on thekreiative levels of the uranium
isotopes the contaminants at locations  458, 45E and 165N, S7E appear to be
slightly enriched {n U-235 with correspondingly higher levels of U-236nthan




U-238. The uranium in the composite sample from grid block 120-150N, 30-60E is
natural wuranium at essentially baseline levels. The U-238 concentrations from
these analyses are the same as or slightly lover than those determined by gamme
lpoctro-oéty. suggesting that the contamination was unevenly dizttibutqd'lad
Bay have been due to small pleces of material, not readily homogenized by
conventional physicel grinding wmethods. kConcoutrationn of Th-228 and Th-232
were in good agreement with those datermined from the gamma spectrometry
analyses. Samples from grid block 120-150N, 30-60F and 165N, S7E contained
Qltvat.d levels of Th-230. The hf;hﬁltkICV‘l was 13.5 pCi/g in the sample from
1638, S7E, aefter further cleanup was performed. The source of the Th-230 s
unknown, reviev of gamma spectra did not indicate significant concentrations of
this radionuclide {in any of the samples. No Ra-226 levels exceeding typical

baseline concentrations were noted.

DISCUSSION OF RESULTS

The soil guidelines applicable to the drum storage area are presented in
Appendiz C. Under Option 1, for unrestricted release, the guideline
concentrations are 30 pCi/g for enriched uranium and 10 pCi/g for natural
thorium (Th-232 ¢ Th-228). The exposure rate guideline at 1 m above the
surface {8 10 sR/h above beckground or 20 pR/h total.

Following remedistion, radionuclide concentrations were within guldeline
levels, with one exception. The post-re-ediacion sample from 45N, 4SE had a
Th-232 + Th-228 concentration of 14.6 pCi/g (17.4 pCi/g based on alpha
spectrometry) which exceeds the 10 pCi/g guideline. The srea of contamination
is small (less then 10 f£t2) and isolated. The average Th-232 + Th-228
concentration throughout the grid block, based on the concentration in the
composite sasple, is less than 2 pCi/g: therefore, averaging with the remainder
of the grid block,retults in a concentration which satisfies guidelines.

~ The highest exposure rate measured at the site, after completion of
reuedlnl‘ activicies, was 15 #R/h; this {s within che guideline level of
20 gR/h, total. '



SUMMARY

On HMarch 28, 1989, the Radiological Site Assessment Program of Oak Ridge
Associsted Universities conducted a follow-up confltn;:ory radiological survey
of the <drum storage ares on the Combustion Engineering Property in Windsor,
Conmnecticut. The purpose of this survey was to evaluate the radiological
status relative to the NRC guidelines established for releases for unrestricted
use. Initfal measurements identified four isolated areas with elevated direct
radiation levels. Additional remediation was performed by ‘the licensee and
follov-up evaluations indlcntcd that the applicable guidelines had been
satisfied. Based on the final survey results, {t i{s ORAU’s opinion that the
drum storage area satisfies the criteria for relesse for unrestricted use.




FIGURE 1: Map of Hartford Area Showing the Locgtion
of the Combustion Engineering Property
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FIGURE 2: Plot Plan of the Combustion Engineering Properly
Showing the Location of the Drum Storage Area
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FIGURE 3: Map of Hartford Areg Showing the Lecations (e) -
: of Bockgrcund Mecsurements and Baseline Samples




FIGURE 4: Grid System Established on the
‘ Drum Storage Arec
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FIGURE 5: Locations of Elevated Direct Radiation Levels
Identified by the Surface Scan
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TABLE 1

BACKGROUND DIRECT RADIATION LEVELS
COMBUSTION ENGINEERING PROPERTY
WINDSOR, CONNECTICUT

Location®

Gamma . Exposure Rates - Gamma Exposures Rates
at 1 m above : at the Surface
the Surface ' (uR/h)
(uR/h)

R ST P )

10

10 10
9 10
9 9
9 9

8Refer to Figure 3.
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RADIONIXILIDB COMEN’I’RATIONS IN MSFLINE 901!. QAHPLES
COHBUQTION ENGINEERING. PROPERTY :

WINDSOR v CONNI‘X!TICUT

Radionuclide Concentrations (bCi lg)

Location? =235 U-738 Th=-237"
v <0.2 - «n.8 0.6 t0.25 0.9 to.l
2 | <0.2 <0.7 oS toa 0.7 to.
3 <0.2 0.9t0.,2 0.6 10.2 0.7 t 0.1
4 .2 <07 0.8t0.1  0.8t0.
w 5 0.2 1.8 t 0.5 0.5 t 0.1 0.9 t 0.1

8Rei’et’ to Figure 3.

bUncertainties represent the 95% confidence levels, based only on counting
statistics; additional lahoratory uncertainties of £ 6 to 10% have not been
propagated into these data.



TABLE 3

DIRECT RADIATION LEVELS MEASIURED AT GRID LINE INTERSECTIONS
COMBUSTION ENGINEERING PROPERTY
WINDSOR, CONNECTICHT

: Gamma Exposure Rates Gamma Exposure Rates
Crid at | m above at the Surface
Location® the Surface (uR/h)
' E (uR/h)

10
8

e
@ J¥ o B )

s
2

piust

o s
OOV O OODWMO O DO OB O

10 11
10 12
.9 10
10 9 |
11 11
9 10
9 9
10 10
10 10
9 10
11 11
10 1t
10 11

]
Lew BN < }
o
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TABLE 3 (Continued)

DIRECT RADIATION LEVELS MEASURED AT GRID LINE INTERSECTIONS
COMBIISTION ENGINFERING PROPERTY
WINDSOR, CONNECTICUT

Garma Exposure Rates Gamma Fxposure Rates
Grid at 1 m ahove at the Surface
Location® the Surface (uR/h)
N £ (uR/h)

180 0 10
180 30 10
180 60

180 90

180

180

210 60

210 90

8Refer to Figure &




TARLE 4

DIRFCT RADTATION LEVELS AT LOCATIONS
IDENTIFIED BY SURFACE SCANS
COMBUSTION ENGINEERING PROPERTY
WINDSOR, CONNECTICUT

Gamma Fxposure Rates (Gamma Exposures Rates
Grid ~ at | m shove the Surface at the Surface
Location® : (uR/n) : (uR/h)
Prior to , Post= Prior to Post-
Remediation Remediation Remediation  Ramediation

ZSN'IISE 15 it 26 1
Asw 4SE 13 : 9 23 15
L40N IS0E 13 11 26 {1
165N S7E 15 181 - ' 23 ’ ts

8Refer to Figure S5,

e
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 RADIONUCLIDE CONCENTRATIONS 1N COMPOSITE SURFACE SOIL SAMPLES

. inoM GRID BLOCKS
COMBUSTION ENGINEERING PROPERTY
WINDSOR. CONNECTICUT

Grid Block Radionuclids Concentrations (oCi/g)
Location® : U-238 : Th-232

-30E- OF : . , 0.8 £0.2° 0.5%20.1
OE- 30E ‘ 1.3%20.2 0.6 £0.2
30E- 60F 0.7%0.3 0.6¢0.1
60E- 90F : <0.4 ; 0.820.1
90E-120E : 16205 6.9 %20.2
120E~150€ ; ~ : 1.740.3 118202

OE- 30¢ 1208 <0.3
30E- 60F 1202 9201
BOE- 90 : 14203 9% 02
S0E-120E . ' 12048 8403

120E-150¢ ; ‘ ; 2203 9 %02

- OE- 30E ' i <0.4

3= 60E , 3% 0.
60E- 90 , . 6 to0.
90E-120E : . 03%o0.
120E-150¢ o . , 5 20.

LNRG e

9ON- 120N OE= 30F
3DE- BOE
60E~ 90F
9CE-120t
120E-150¢

;\)Nb

[AS 20 3

120N-150N  OE- 30
30E- 60E
60E~ 90F
90E~120E

120€- 150¢
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mxonucuoz coucmmnons IN COMPOSITE SURFACE SOIL SAPLES
. FROM GRID BLOCKS.
coneusnou ENGINEERING PROPERTY
WINDSOR, CONMECTICUT

Grid Block Rad tonuclide Concentrations (pCi/g)
Location® U-235 - y-238 Th-232
150N-180N  OE- 30F <22 0.5 » ‘ 1.520.3
30E- 60F . %0.2 0.9 £0.4 2.1%20.2
60E~ 90 « <0.3 224203 2.17%0.3
90L-120F " <0.2 0.9 £ 0.4 18%0.3
120E-150€ “©.3 1.9203 : . ‘ 24203
180N-210N  BOE- SOF 0.3 ~ 0.120.3 ; . 1.5%0.3

Pnefer to Figure 4.

Buncertainties represent the 95% confidence levels, based only on counting statisticse: additional laboratory uncertaintie:
of 2 6 to 10% have not been provagated into these data.

3




61

TABLE 6

RADIONUCLIDE CONCEMTRATIONS [N SURFACE SOIL SAMPLES
FROM LOCATIONS OF ELEVATED DIRECT RADIATION
COMBUSTION ENGINEERING PROPERTY
WINDSOR. CONNECTICUT

Location® ’ ' Radionuclide Concentraticns (pCi/g]
y-238 th-232

>

25M 115E Prior to Remediation <0.7
Post-Remediation €0.2

45N 45E Prior to Remediation 0.7 4% 0.6

Post-Remediation €0.3
140N 150E Prior to Remediation <0.8
Post-Remediat ion <0.2
165N S57€  Prior to Remediation <0.5
Post-Remediation <0.3

2Refer to Figure 5. . ~
byncertainties represent the 95% confidence levels, based only on counting statisyics additional

laboratory uncertainties of 2 6 to 10% have not been propagated into these data.



. TABLR 7
RESULTS OF ISOTOPIC URANINUM AND THORIUM AMALYSES
OF SELECTED SAMPLES

COMBISTION ENCINEFRING PROPERTY
WINDSOR, CONNECTICHT

Sample ' Radfonuclide Cancentrationt‘( i/g) , ' :
Location® T T V=735 U-738 -rrzmﬁ—ﬁ'—-m————w - = ;

120~-150N, 30-60F 1.2 2 0,20 0.8 2 0.1 il 20,2 1.9 2 0.2 10,0 ¢ 0.9 2.0 ¢ 0.2

45N, 45R »
{Post-Rerediation) 15.5 ¢ 0.7 0.4 20,2 0.7 20,2 A4 204 1.7 £0,2 9.0 ¢ 0.4

165N, 57E ; ' ; : v '
(Poat*Renediation) §.0 £t 0.4 © 0.1 20,1 0.8 t 0,2 4,6 £ 0,3 13.9 £ 0.6 9.0 £ 0.3

aRefer to Pigure 4. /
bUncertainties represent the 951 confidence levels, bhased only on counting

atatistice: additional lahoratory unceriainties of up to &t 30X have not been
propagated into these data.
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APPENDIX A

HAJOR SAMPLING AND ARALYTICAL EQUIPMENT




APPENDIX A
RAJOR SAMPLING AND AML’ITICAL mmm

The display or description of a specific product {s not to be construed as
&n endorsement of that produet or {ts umncturor by the euthors or their
cqlmr.

A‘ Direct Radistion Measurements

Eberline PRN-6
Porteble Ratemster
(Dberline, Santa Fe, 100

Reuter-Stokes Pressurized lonization Chasber
flodel RSS-111
(Reuter-Stokes Cleveland, OH)

Victoreen Cesma Scintillation (Nal) Detector
Model 489-5% :
(Victoreen, Inc., Cleveland, OH)

Laberatory Anslyses

High-Purity Cermanium Detector
Hodel GMX-23195-8, 238 cttlchucy
(EG&G ORTEC, Oek Ridge, TN

Used {n conjunetion with:
Lead Shield, C-16
(Casma Productn. Inc., Palos Hills, IL)

!!ultichcml Anslyzer
HD-66/HD-680 System .
(Muclear Data Inc., Schaumburg, IL)

Alp!u Spectrometer
Tennelec TC-256
(Tennelec Inc., Oak Ridge, TN)




Surfsce lctrm Domeer
Hodal CR-29-450-100
(BG40 ORTEC, Oek Right, TH)

Multichannel Analyser
flodel MD-€6 ,
(Buclear Deta, Scheuwmburg, IL)







APPENDIX B

NEASURENENT AND ARALYTICAL PROCEDURES

fates were performed using Eberline PRM-6
cn(nodol 689-35 gamma scintillation probe
- Contalning 3.2 cm x 3.8 cm Nal(T1) scintillation crystals. Count rates were
cénvbttod te exposure rates (sR/D) by cross-calibrating wich o Reuter-Stokes
Hodel RSS-111 pressurfzed fonization chasber.

§q;1 Semple Analysis

cai-n Spcctto-octy

 Soil and ':cdinont samples were dried, ®ixed, and a portion placed in 4
0.5 liter Marinelly beaker. The quantity placed in each beaker was chosen to
reproduce ; ounting geometry and ranged from 6001:0' 1000 g of
sample. | termined and the samples counted usihg solid state
gofuanlu- detectors coupled to 8 HNuclear Data Model ND-680 Pulse height
lnalyzcr system.
idahtltlcatlon.

U-235% 0.143 Mev
- U-238 ;0'09(‘ MeV from Th-234 or 1.001 MeV from Pa-234mn

B-1




Th-232 0.911 Mev from Ac-228+
- Th-228 0.583 Mev from T1.208%

*Secular 8quilibrium wag assumed

Spectra were also Teviewed for the Presence of other fadionuclides.

Alpha Spoctrozcopy

Separated by 1liquid
carrier, ang

Counted
Epectrometers

(Tonnelec).

Calibration and anlitx Assurance

8pect




scintillation 8urvey meters, instruments were calibrated with NBS-tracegblo
8tandards. The calibration Procedures for the portable gamna instruments are
performed by comparison with an NBS calibrated pressurized fonization chamber.

Quality contro] Procedures on all instruments inclyded daily background
and check-source Beasurements to confirm equipment operation within acceptable
,ltiatlatlcal fluctuations. The ORAU laboratory Participates {n the EPA and
DO;/EKL Qualicy Assurance Programs. | ‘
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Guidelines4For Residual Concentrations Of Thorium
And Uranfum Wastes In Sofil

publlc'uhder various conditions of
future land usage. These concentrations are as follows:

Maximum Concencrations'(pCI/g)

: _for various options
Mater{al ' 18 T 2b 3€C PR B

Natural Thortus (Th-233 ., Th-228)
with daughters Present and {n

equilibrium 10 50 - ~ 500
Natural Uranium (U.238 + U-234) ;

with daughters Present and {n

equilibrium ‘ : 10 e 40 200
Depleted Uranium:

Soluble . 35 100 ee 1,000

Insoluble : 35 300 .e 3,000
Enriched Uranium: : ; '

Soluble : 30 100 se 1,000

Insoluble , 30 250 2 2,500

daach on limicing.tndividual doses to 500 mrem/yr and {

C-1




Option 1 concentrations permit unrestricted use of the property and is the
;’u!ddim 'aypllcdblo to surface soils. Optiom 2, 3, and & apply to buried
~v;it’c; and assume that intrusions into the burial sites may occur. Regardless
of th. concentrations in the buried materials, surface soil must meet the
- Option’ 1 ‘concentntio;u guldelines.




