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COMPREHENSIVE RADIQLOGICAL SURVEY

OFF-SITE PROPERTY D
NIAGARA FALLS STORAGE SITE
LEWISTON, NEW YORK

INTRODUCTIQN

Beginning ir 1944, the Manhattan Engineer District and its successer,
the Atemic Energy Commission (AEC), used portions of the Lake Ontario
Ordnance Works (now known as the Niapara Falls Storage Site (NFS8) and
associated off-site properties) approximately 3 km nertheast of Lewiston,
New Tork, for storage of radicactive wastes. These wastes were primarily
residues from uranium processing operations; however, they also included:
contaminated rubble and scrap from decommissioning activities, biological
and wiscellaneous wastes from the University of Rochester, and low-level
fission-product waste from contaminated~liquid evaporators at the Kaolls
Atomic Power Laboratory (KAPL). Receipt of radicactive waste was
discontinued in 1954, and following cleanup activities by Hooker Chemical
Co., 325 hectares of the original 6l2-hectare site were declared surplus.
This property was eventually sold by the General Services Administration to

various private, commercial, and governmental agencies.l

SCA Chemical Services, Inc. is the current owner of a tract identificd
as off-site property D (see Figure l). A radiological survey of that
tract, conducted in May through August 1983, is the subject pof this report.

SITE DESCRIPTION

Figure 2 is a plot plan of off-site property D. The property is
rectangular in shape and measures approximately 812 m lomg by 280 = wide.
It occupies a total area of 23 hectares. The site is bounded on three
sides by roads: "H" Street on the north, MacArthur Street on the east, and
"5" Street om the west. Chain link fences cross the property in a
north~south direction near the extreme eastern and western edges. The

western portion of this property is largely occupied by landfill areas
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which are accessed by unpaved roads. The property contains two major
drainage ditehea (the diteh near the westarn boundary haz baen only
recently coustructed). There are also four waste treatment or retentiom
ponds on the site. There is ome s=mall, badly deteriorated, wooden
structure; originally this building was part of the munitions operations
which occupied the site prior to use by MED/AEC. With the exception of the
landfill and several treatment pond berms, the land is relatively level,

Most of the land has been cleared although small areas of trees and byrush
remain along the northern perimeter.

Radiclogical History

There is no evidence of contaminated material burials on property D;
however, the 1971-72 AEC survey identified two small areas of possible
surface contamination.l»2 One of rhese was located near the noTchwest
corneyr of the property, about 60 m south of "B" Street and 80 m west of
Castle Garden Road. Direct radiatien levels in this ares ranged up to
40 uR/h following the 1972 cleanup operation. The second elevated area was
in the mid-eastern section of the property, near the south end of First
Street. This area, which had direct rvadiation levels up to 25 pR/h, is
presently covered by a chemical landfill. A 1980 mobile scan by the Qak
Ridge National Laboratory indicated above-background levels along "H"
Street and minor spots along the north-south roads.® It is possible that
some of these previously identified areas may have been disturbed or

relocated as a result of oun-going construction and property maintenancae
activities conducted by SCA.

SURVEY PROCEDURES

The comprehensive survey of NFS5S off-site property D was performed by
the Radiological Site Assessment Program of Oak Ridge Associated
Univerasitica (ORAU), during May-August 1983. The survey was in accordance
with a plan dated February 3, 198, approved by the Department of Energy.

The objectives and procedures from that plan are presented in this section.
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Objective
The objective of the survey was ¢ provide a comprehensive assessment
of the radiclogical conditions and associated potential health effecrs, if

any, on property D. Radiolegical information collected imeluded:

l. direect radiation exposure rates and surface beta-gamma dose

rates,
2, locations of elevated surface residues,
3. concentrations of radionuclides in surface and subsurface soll,
4., concentrations of radionuclides in surface and ground water, and
5. concentrations of radionuclides in sediment samples from drainage
ditches.
Frocedures
1, Brush and weeds were cleared as necded to provide aceess for

gridding and surveying and a 40 m grid system was established by
MeIntosh and McIntosh of Lockport, NY, under subcontract. The

grid system is shown on Figure 3.

2, Walkover surface scans were conducted over all accessible areas
of the property. Iraverses ware at 2-5 m intervals on those
areas that were relatively inaccessible and had no history of
radivactive use. Scanning intervals were 1-2 m along all rzoads,
in areas previously identified as having elevated radiation
levels, and in other areas where direct radiastion measurements
suggested possible contaminated residues. Portable gamma NaI(T1)
scintillation survey meters were used for the scans. Locations
of elevated contact radiation levels were opted and Surface

gxposure rates were measured at these lecations.

3. (Gamma exposure rate measurements were made at the surface and at
1l m above the surface at 40 m grid intervals. Measurements were
performed using portable gamma NaI(Tl) scintillation survey

meters. Conversion of these measurements to exposure rates 1in
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microroentgens per hour {uR/h) was in accordance with cross

o 0 . 0 " r . .
calibratioa with a pressurized ivoizatlon chawber.

Beta-gamma dose rate measurements were performed 1 cm above the
surface at 40 mw grid intervals. These wmeasurements were
condncted uging thin-window (<7 mg/cmZ) G-M detectors and part-
able scaler/ratemeters. Measurements were also obtained with the
detector shielded to evaluate contributions of uwonpenetrating
beta and low-energy gamma radiations. Meter teadings were
converted to dese rvates in microrads per hour (urad/h) based on
crogs calibration with a thin-window ionizationm chamber.

Surface (0-15 em) soil samples of approximately 1 kg each were
collecred at each accessible 40 m grid interval.

At selected locations of elevated surface radiation levels
bera-gamma dose races and exposure rates at 1 m above the surface
were also measured. Surface s0i] samples were obtained from
these locations and, following sampling, the surface exposure

levels were remeasured for comparison with presampling levels.

Detection Sciences Group of Carlisle, MA, performed ground
penetrating radar surveys at oproposed borehole locations to
assure that subsurface piping and wtilities were not damaged

during drilling. In some cases, slight relocations of borehole
locations were required.

Boreholes were drilled to provide a mechanism for logging
subsurface direct radiation profiles and collecting subsurface
soil and water samples. Twelve boreholes were drilled by Site
Engineers, Inc., of Cherry Hill, NJ, and Earth Dimensions of
Aurora, NY, using truck mounted 20 cm diameter hollow-i$fem

augers. The locations of these boreholes are shown on Figure 4.
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Gamma radiation scans were performed in the boreholes to idenmtify
the locations of elevated direct radiation levels wiich might
indicate sgubsurface residues. Radiation profiles in the
boreholes were determined by measuring gamma radiation at
15-30 cm intervals between the surface and ground water or the
hole bottom. A collipated gamma scintillatiom detector and
perrable scaler were vged for these measurements.

Ground water samples of approximately 3.5 liters were collected
from five borehole locations. The samples were collected using a
hand bailer. S0il samples of approximately 1 kg each were
collected from various depths in the holes by scraping the sides
of each borebole with an ORAU designed sampling tool.

Y. Four water samples were c¢ollected from areszs of standing

(surface) water {(see Figure 5).

10. Three sediment samples were collected from ditches located near

the periphery and center of the property (refer to Figure 5).

11. Twenty soil samples and seven water samples were collected from
the Lewiston area {(but not on NFS85 or associated off-gite
propexties) to provide baseline concentrations of radionuclides
for comparison purposss. Direct background radiation levels were
meagsured at locations where baseline soil samples were collected.
The locations of the baseline samples and background measurements

are shown on Figure 6.
Sample Analyses and Interpretation of Resuits

Spil samples were analyzed by gamma aspectrometry. Radiuwm-226 was the
major radionuclide of concern, although spectra were reviewed for U-2335,
11-238, Th-232, Cs-137, and other gamma emitters. Water samples were

analyzed for gross alpha and gross beta concentrations.



Additicnal information concerning analytical equipment and procedures
1s in Appendix A.

Results of this survey were compared to the applicable guidelines for
formerly utilized radicactive materials handling sites, which are presented
in Appendix B.

RESULTS

Backpround Levels and Baseline Concentrations

Background exposure rates and baseline radionuclide concentrations in
soil, detwrmined Lor 20 lucatious (Figure %) in the vicinity of the RFS3,
are presented in Table l-~A. Exposure rates ranged from 6.8 to 8.8 uR/h
(typical levels for this ares of New York). Concentrations of
radionuclides in seil were: Ra-226, <0.09 to 1.22 pCi/g (picocuries per
gram)j U=-235, <0,14 eo 0.46 pCifg; U=238, <2.20 to 6.26 pCi/g; Th-232, 0.32
to 1.18 pCi/g; and Cs-137, <0.02 to 1.05 pCi/g. These concentrations are

typical of the radionuclide levels normally encountered in surface soils.

Radicactivity levels in baseline water samples are presented in
Table 1-B. The gross alpha and gross beta concentrations ranged from 0.55
to 1.87 pCi/l (picocuries per liter) and <0.63 to 14.3 pCi/l, respectively.
Thede are typical of concentrations normally occurring in surface water.

Mirect Radiation Levels

Direct radiatiovn  levels, measured at 40 m grid dintervals, are
presented in Table 2. The gamma exposure rates at | m above the surface at
these grid pointe ranged from & to 10 WR/b (average 7 vR/h).  Surface
contact gamma exposure rates and beta-gamma dose rates were 5 to 10 uR/h
(average 7 uR/h) and 5 to 35 urad/h (average 17 urad/h). respectively. At
most locations, measurements performed with the detector shielded averaged
approximately 20% less than those with the unshielded detector. This
indicates only a smwall portion of the suxface dose rate is due to

nonpenetrating beta or low-energy photon radiations.



The walkover survey identified numerous isolated spots of elevated
contact radiatiom levels. These locations are indicated on Figure 7 and
associated radiation levels are presented in Table 3. Surface contact
gamma exposure rates ranged from 293000 :R/h; the maximum was measured at
grid point 384N, 312E. Exposure rates at 1 m above the surface ranged from
B to 110 :R/k. Beta-gamma dose rates ranged from 29-6450 :rad/h. The
maximum dose rate was recorded at grid coordinate 376N, 292E. Contact
exposure and befa-gamma dose TaCeld were reéduced by soll sampling at wany of
these locations; this indicates that most of the contamipation is in small,

digarete picoes of materiel rather than diffused throughout the aoil.
Radiopnelide Concentrationas in Surfaca Seil

Table 4 lists the concentratioms of radionuclides measured in surface
seil from 40 m grid imtervals. These samples contained Ra-226
concentrations ranging from <0.16 to 2.44 pCi/g. The highest level was in
the sample collected at grid point 538N, 760E. A few additional samples
coutained Ra-226 concentrations exceeding those in the baseline soil, but
none exceeded 5 pCi/g above the baseline level. Several of these samples
also contained slightly elevated U-238 cowncentrations. The highest U-238
concentration was 8.40 pCi/g at grid coordinate 400N, 740E. Concentrations
of U-235, Th—-232, and Cs~137 were not significantly different from those in
baseline samples. Ko other gamma emitring radionacelides were noted in

these samples.

Radienuclide concentrations in samples from locations of elevated
contact wvadiation levels are presented in Table 5. Concentrations aof
Ra=226 in these samples ranged from 0.95 to 11,200 pCi/g; the maximum
concentration was measured in a piece of rock-type material (sample B8)
from grid point 460N, 742E. Most of the other samples which contained high
Ra-226 levels were also pieces of this same material and ranged in size

from approximately 200 g to 1.3 kg. These samples also contained elevated



U-238 and Th-232 levels. The rock sample, BlB, from location 539N, 222E,
contained 403 pCi/g of U238 and 3553 pli/g of Th=232 - the highest levels

of these two radionuclides measured in samples from property D.

Sample Bl2 comsisted of several chips from a large metallic-looking
mass weighing an estimated 30~40 kg. Samples 210 and Bl]l contained small
objects which were the source of the contamination. Sample Bl0 contained a
small white chip (probably lead cake) having a total activity of 0.31 uCi
of Ra-226; sample Bll was a ceramic device known as a "spark gap" and
contained 25.4 nuCi of Cs-137.

Borehole Gamma-logging Measurements

The results of gamma sgintillation measuwrements in boreholes indicate
ne  subsurface contaminacion. The gamma count rtates determined by the
borehole measurements were raliable indicators of elevated subsurface
radienuclide levele. However, the gammn logging data was nat useful inm
gquantifying radionuclide concentrations ia the subsurface soil, because of
the varying ratiocs of Ra-226, U-235, U-238, Th-232, and Cs-137 occurring in
soils from this site. '

Radionuclide Concentrations in Borehole Soil Samples

Table 7 presents the radionuclide conceatrations measured in soil
samples frowm boreholes. Neither the six boreholes (HEL-HG), located to
provide a representative coverage of the property, nor boreholes H7-H1Z,
drilled in areas of elevated radiation levels identified by the walkover
sean, c¢ontained radienuclide concentrations differing from the ranges in

baseline samples.

Radionuclide Concentrations in Water

Surface Water

Samples W1-W4 from standing water on property D (refer to Table 8)

contained gross alpha concentrations ranging from <1.68 to 5.05 pCi/l.



Gross beta concentrations ranged from 3.15-8.45 pCi/)l. These values are

within the ZPA Drinking Water Standards of 135 pCi/l, gross alpha, and
50 pCi/l, gross beta.

Subsurface Water

Water samples collected from Yhoreholes contained Ffrom 1.02 to
6.19 pCi/l of gross alpha and 5.52 to 65.4 pCi/l of gross beta. The sample
from borenole Hl1l exceeds the EPA guideline of 50 pCi/l for gross beta.
The remainder of the samples are within the EPA criteria with most having
concentrations in the range of baseline levels. It should be noted that
many of these samples coutained high concentraticns of dissolved solids.
This necessitated the uge of smaller volumes of water for gross alpha

analysis, resulting in larger relative errors thau are usually assocciated
with this procedure.

Radionuelide Concentrations in Dratnage Biteh Sediments

Concentrations Ln sediment samples, collected from ditehes found on
the eastern, central, and western portions of the property, are presented
in Table 9. Levels of Ra-226, U-235, U-238, €s5-137, and Th-232 were all
comparable with baseline concentrations.

COMPARISON OF SURVEY RESULTS WITH GUIDELINES

The guwidelines applicable to clemup of off-site properties at the
Niagara Falls Storage Site are presented in Appendix B. Radiation lavels
and radionuclide c¢oncentrations, at small, isolated spots of surface or

near-surface contamination, exceed these guideline values.

The exposure vates in contact with wmost of the iselated areas of
surface contamination, excecd the guideline of 60 uR/h for open land arcas
accessible by the general public. The highest Llevel measured was
3000 uR/h. {(The object responsible for this radiation level was removed
from the property by sample cecllection operations; however, other small
locations of contact exposure rates exceeding 60 uR/h remain.) Exposure

rares at 1l m above the surface are within the 60 WR/h guideline with the



exception of an area unear a metallic looking rock. The level at 1 = from
this material was 110 ul/h.

Areas of suriace contamination, idepntified by the walkover scan,
contained Ra-226 concentrations in excess of 5 pCi/g; three of the samples
also countained G~238 concentrations above the 150 pCi/g eritericu. Most of
these areas of contaminarion are small and isolated, and concentrations
would be below the 5 pCi/g and 150 pCi/g guidelines if averaged over an
area of 100 ml. Many of the high radionuclide concentrations are
associated with pieces of rock- or slsg-type material. This material was
noted primarily in the northwest and west central portions of the property
and in areas of recent construction or earthmoving activities. Sampling
also identified ome piece of lead cake residue (Ra-226} and a Cg~137 "spark
gap" device, each containing radionuclide levels exceeding the guidelires.
(These objeccs were also removed by ssgmpling.) Borehole measurements and

samples did not identify subsurface levels differing from those in baseline
gamples.

Surface water contained radiomuclide concentrarions below rhe EPA
limits of 15 pCifl, gross alpha and 50 pCi/l, gross beta. Noue of the
subsurface water samples contained gross alpha levels exceeding 15 pCi/l;
however, sample W8, collected from borehole H1l at grid point 372N, 336E,
did contain a gross beta concentration of 65.4 pCi/l. This sample was from
an area identified by the walkover scan as having elevated direct radiation
ievels and several spots of isolated surface contamipation. It should be
noted that the EPA Drioking Water Standards are not applicable to sources
of water which are not cowmunity water supplies. These standards are
therefore presented only for comparison purpo¢es and are not applicable to
the water sopurces sampled on property E. Other borehole water samples
indicace rthat radioactive residues on the property are neft producing

genaral ground water contamination.
SUMMARY
A comprehensive survey of off-site property D at the Niagara Falls

Storage Site was conducted during May-dugust 1983, The survey included:

gurface radiation scans, measurements of direct radiation levels, and

10



gnalyses for radionuclide concentrations im soil and water samples, both
surface and subsuzface. Analyses of sediment cawples, collected ak several
locations, were also performed. Ground penegrating radar was used to

identify subsurface utilities which wmight preclude borehole drilling.

The results of the survey indicated numercus, swall, isolated areas of
elevated direct radiation and surface soil contamjination. The major
coptaminant was Ra-226; however, U-238, Th~232, and Cs-137 contamination
was also noted. Most of these areas were associated with pieces of a
rock-type material (possibly a chemical precessing slag). This material
was noted primarily in the unorthwest and west—central sections of the
propexrty and in areas of recent construction or earthmoving activity.
Uther objects, e.g. a "spark gap” device, lead cake, and a metallie-looking
mass, were alse identified ag sources of elevated radiatien levels. Many
of the small isolated sources of radiation were removed by the survey
sampling procedure; however, there was no attempt to remove all such
sourees. It ims also posaible thar additional materials are presant benegth
the fill amd piles of earth which have been accumulated in the section of
the site (near 360N,320E). It is estimated that less than 2 m> of the
rack-type wmaterial and other isplated objects with rvadionuelide levels
exceeding the ecriteria, are present on this property. Locations of the
remaining areas, noted by this survey, are listed in Table 10 and shown on
Figure 8.

No subsurface contaminstion was identified and sampling indicates that
contamination 1s not migrating from the property into surface or ground

water gystems.

Although the contaminated residues on small portions of rhis property
exceed the guidelines established for relecase ef the site for unrestrieted
use by the gegeral public, the contaminants do not pose potential health
tigks to the publie or site workers. There are continual construction and
maintenance activities on this property asnd these activities have the
potential for relocating, distributing, and concealinpg contaminated

residues that were identified by this survey, During a visit to the

11



property in November 1983 (after the survey had been completed), it was
observed that additional earthmoving has occurred in the west-central
portion of the property, the area where numerous isolated pileces of the

contaminated rock-type material had been identified.
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TABLE l~A

BACKGRDUND EXPOSURE RATES

AND

HARTOHUCLINE COHNCEMTRATIONS IN BASELINE S0IL SAKILES

Fxpnsure Ratel

Lucatirn® AL RoTRI TS CEEE FTEgE
1 6.8 .74 ¢ 0.18€ <0.19 <1.89 G710 ¢ 0.46
4 b.8 (.75 + 0.1% <019 <3.3% 0.85 ¢ 0.24
3 8.3 071+ 0,18 fhoag + 0.4 <312 0.688 & 0.33
] r.2 D60 > DubP <0, ze <4, 10 L.lg « U35
3 fed .70+ 0.16 <l <3.34 .68 & 0.24
[ T .50 ¢ 0.15 <0.16 £3.33 0.5F + .38
7 7.7 4.6 + 0,013 <0.17 <313 U.8Y 1 0.24
2 1.6 0.59 ¢ 0L12 <014 1.1 .54 ¢ 0,23
g T 0.3 » 0,20 0,13 <16 0.8) + 0.318
10 14 010+ OLle <0.19 <1.98 0.5% £ Q.25
1 6.7 2.0 .19 €7.8) 0.45 » 0.3
12 Il 0.48 + 0,17 <0.156 <2.84 0.63 ¢ 0.2
13 b7 0.5 & 0.4 <007 <235 0.49 1 8.26
14 6.8 0.68 + 0.17 NOYE 3.4 0.67 + 4.25
1% 4.2 6.65 + ¢.14 <G 17 €370 D.}2 x 0.35
16 7.4 0910 £ 0,17 0,1t <3.98 a.5) 2 0.28
I3 1.0 D48 + D06 <0.16 .13 433 & 0.32
1] 1.7 6,13 & 006 <0,18 .26 4 9.23 1.0l & 0.44
1y 8.8 L 22 ¢ a.22 (.23 <3.19 108 » 0.49
0 8.6 0.83 + 017 0,20 <3,59 484 2 0,29
ta 1.18

Range 6,8 to B.B 0.0% to 1,22 <014 co DLG6 2,20 to 6,76 0.92

Rydionuclide foncentyations {ptifg)

=
"
v
13 (b e ()

CDSao
@ WD R i D

A
>
=

i P

SO W e D hg e T B On G

LR e DO BT I

= - R N R -]
W pd D= ) Do IR
R - S Y

LN ERE T LA B LN R P Y

<0.02 to }.05

2 fpfer to Figuve b,
b Measured at ! m above rhe surface.
€ Frrovs are 2n based on counting statistics.



TARLY 1-3

IADICNUCLIDE CONCENTRATIONS IN BASELINE WATER SAMPLES

Loc.at:'.ona

Radionuclide Concentrations {pCi/l)

Gross Alpha Gross Beta
W1 0.95 + 0.93 B 4,79 + 1.15
W2 0.95 + 0.94 .17 £ 1.31
W3 0.5 + Q.78 2.73 + 1.05
Wa 0D.63 + 0.89 5.37 & 1.17
W5 0.73 + 0.68 <0.64
W 1.87 + 1.84 14.3 + 2.4%
W7 1.16 * 0.66 <0.63
Range 0.55 to 1.87 <0.63 to 14.3

8 Refer to Figure 6.
Errors are 20 based on counting statistics.



TABLE 2

DIRECT RADTATIQN LEVELS
MEASTURED AT 40 M GRID INTERVALS

Ganma Expasiure amma Exposure Beta—-Gamma
Grid Location Rates at 1 m Above Rates at the Dose Rates at 1 ecm
N E the Surface Surface Above the Surface
(uR/ L} (= R/1) (urad/n)
540 225 9 B 15
540 240 7 7 24
540 280 8 4 26
540 320 8 9 23
540 360 10 19 26
340 400 9 8 14
340 440 9 9 25
240 480 9 9 14
340 520 9 10 14
540 560 4 10 21
40 600 9 10 24
540 640 8 8 29
540 680 9 9 29
540 720 8 g 30
540 760 8 7 14
540 800 8 8 22
540 840 8 8 21
540 B8O 8 ] 27
540 920 8 8 8
340 960 23 8 27
540 1000 7 7 17
240 1008 6 5 3
320 225 7 6 153
520 240 3 8 21
520 280 6 7 8
320 320 6 7 7
520 360 8§ 8 11
320 400 [ 7 14
520 440 6 7 7
320 480 7 7 15
520 520 7 7 21
520 560 f 7 7
520 600 7 7 1
520 &40 7 8 18
520 &80 7 7 L4
523 720 6 6 6
520 760 7 8 15
320 800 7 7 18

f S
1.



TABLE 2, cont.

DIRECT RADIATION LEVELS
MEASURED AT 40 M GRID INTERVALS

Gamma Exposure Ganma Exposure Beta—Gamma
Grid Location Rates at 1 m Above Rates at the Dose Rates at 1l em
N E the Surface Surface Above the Surface
{uR/h) (uR/h) (Lrad/h)
520 840 8 8 21
520 B& 8 ) 28
520 920 8 3 4
220 %0 8 3 32
320 1000 7 7 7
520 1008 7 7 9
480 225 7 7 10
480 240 7 7 31
480 280 7 L] 6
480 320 7 7 7
480 360 8 g 18
48) 400 7 8 16
480 440 7 8 27
480 480 7 7 18
480 520 6 7 14
480 560 7 7 26
480 600 7 8 13
480 640 7 7 20
48 680 g 7 26
&80 720 7 8 35
48 760 g g 4
480 800 7 7 7
480 80 3 8 27
480 880 8 8 22
480 920 7 7 18
480 950 g 8 21
480 1000 7 7 9
480 1009 6 6 11
440 200 a a a
440 240 6 7 23
440 280 6 7 20
440 320 6 7 7
440 360 8 10 10
440 400 7 7 11
440 440 7 3 14
440 480 7 8 14
440 480 7 7 20

24



TABLE 2, cont.

DIRECT RADIATION LEVELS
MEASURED AT 40 M GRID INTERVALS

Gamma Exposure Gamma Exposure Bata—-Gamma
Grid Locationm Rates at 1 m Above Rates at the Dose Rates at 1 cm
N E the Surface Surface Above the Surface
(LR/h) (RR/h) (srad/h)
440G 520 6 7 18
440 560 7 7 20
440 600 a a a
440 640 7 7 7
440 680 a & a
440 720 a a a
440 760 8 8 31
440 800 8 8 29
440  B4D a ] 24
440 B®0 8 8 16
440 920 7 7 24
440 960 | ] 12
440 1000 7 7 17
400 200 7 7 24
400 240 7 7 15
400 280 7 8 16
400 320 7 7 10
400 360 9 10 10
400 400 7 7 15
400 440 8 B 8
430 480 7 7 17
400 520 7 7 26
400 360 7 7 13
400 600 7 7 24
400 640 7 7 27
400 675 7 ] 19
400 720 a a 4
400 760 8 § 15
400 800 8 8 17
400 B340 7 8§ 21
400 880 8 8 28
400 920 7 g 9
400 90 8 7 7
400 1000 o] 3 25
360 180 9 9 26
360 200 7 7 21
360 240 6 ) 19



TABLE 2, cont.

DIRECT RADIATION LEVELS
MEASURED AT 40 M GRID INTERVALS

Gamma Exposure Gamma Exposure Beta~Gamma
Grid Location Rares at 1 m Ahnve Rates at the Dose Rates at 1 cm
N E the Surface Surface Above the Surface
(kR/B) (wR/h) (urad/h)
360 280 o 7 26
360 320 10 9 15
360 360 7 B 11
360 400 7 7 7
360 440 7 7 7
B0 480 6 § 15
360 520 7 7 13
30 560 ] 7 14
360 800 7 7 24
360 640 7 7 9
360 680 a a a
360 724 [ 7 20
360 760 7 7 27
360 800 7 7 21
360 840 7 7 30
360 880 7 7 17
360 920 7 7 L
360 %0 7 7 21
360 1000 7 7 15
360 1008 6 7 7
320 180 8 9 29
320 200 7 7 18
320 240 8 8 3l
320 280 7 7 27
320 320 7 7 13
320 360 8 10 20
320 400 6 7 24
120 440 & 7 g
320 480 6 7 7
20 520 7 7 21
320 560 ) 6 25
320 600 7 7 20
320 640 7 7 7
320 682D 7 ! 20
220 720 7 7 17
320 760 7 7 l&
320 &0 B 8 17
320 840 8 8 25



TABLE 2, cont.

DIRECT RADIATION LEVELS
MEASURED AT 40 M GRID INTERVALS

Grid Lecation

Gamma Exposure
Rates at 1 m Above

Gammpa Exposure
Rates at the

Beta~-Ganma
Dose Rates at 1 cm

R E the Surface Surface Above the Surface
(uR/h) (uR/h) (yrad/h)
320 880 g 8 24
3an 920 8 8 22
320 980 7 7 17
320 1000 7 7 10
320 1008 ] 7 15
280 180 6 6 6
280 200 7 8 12
i80 240 7 7 13
180 280 7 7 21
180 320 7 7 26
280 360 8 8 18
280 400 7 7 27
280 440 7 7 A0
297 480 7 7 7
295 520 7 7 7
295 560 7 7 9
295 600 7 7 26
280 640 3 7 20
280 680 7 8 21
280 720 8 8 11
280 760 7 7 12
280 &0 7 8 19
280 840 7 7 7
280 8850 7 7 13
280 920 7 7 27
280 960 7 7 12
280 1000 & -] 20
280 1008 6 ) b

4 Measurement not taken due to construction or presence of standing water.

27



TABLE 3

DIRECT RABEATION LEVELS AT LOCATIOWS
IDENTIFIED BY THE WALKOVER SURFACE SCAN

Grid Locativnd Exposure Bate (uBfn) Surface Doee Rate Sample Gontact Expusure Rake
S—— o e {uradin) Identikicatjont After Sample Removal

H E Contact 1 m Above Surface (uESh)
I ) 44 13 104 BEA 40
I 22 HE bE “q BIA k)
538 32X 140 14 1020 BB ol
836 324 38 10 ia B3 16
521 78 76 10 76 B 10
219 ] @2 40 i3 L] Y 4y
49% 2z 13 13 i 13} -
4% 24D 14d 1 T (¥ 8
464 TOB 31 9 1 - -
560 742 is0 13 240 EB %
458 364 17 § 1030 B 12
407 989 72 8 HL B1O §
B 3% 3000 21 ERG Bl 3
IB4 3RO L3 ] 3 - -
3E0 328 44 B A4 - --
I 330 38 [ K1) 5% -= -
e w2 ' 2900 nao LY B12 -
359 320 120 13 210 - -
363 326 LY 10 42 - -
ELY IS 1 1) 16 L] 46 EY3 12
3y 332 52 12 a8 - -
361 310 20 14 210 -
361 32 1] 13 58 -~ -
38l 325 % 13 56 - -
360 299 48 13 LY By 1?2
66 200 B4 14 8 — —
e 308 5% 10 L] == -
155 3320 2% i 25 -— -
158 30 29 9 29 -

35% 322 100 i2 100 - --
3% 28 310 [y S10 - -
st e 200 13 00 - -

2 Refer to Figure 7.
b Radionuclide analyses of samples presented in Tabies 5 and 6.
¢ Dash indicates measurement or sampling not performed.



TABLE 4

RADIGNUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 40 M GRID INTERVALS

Grid Location Badionuelide Concentrations (pCifg)
TRTTETT Ea-226 G-7335 U-238 Cu-[37 Th-232

535 4G 1.05 + 0.23= <0.13 1.07 2 1.58 010 + 0.08 0.73 + 0.4%
537 280 0.74 + 0.19 <0.20 <G.6% 1.17 + 0,186 0.687 1 0.34
537 3 0.80 + 0,19 <.27 <0.93 0.95 +0.13 u.be # 0.58
535 360 6.6% ¥ 0.2 W, 1T 1.3 1 5.2 0.2% ¥ 0.10 6.3% 1 0.83
53§ LN 0.8 2 0.19 0.4 ¢.63 + 2.08 0.5% 3 0.12 0.95 » 0.5
535 440 D.25 & 0.2% <0.1? 1.29 3 1.32 0.51 + 0.1} <071

531 4@ Lol £+ 0. e .65 + D.42 B.48 « 0,10 .66 » 0,23
526 510 0.91 3 6.20 029 1.5% 3 0,99 6.30 7 0.1 L.0F x 0,34
53% X0 L.0% & 0.24 0,37 » 0.40 0.95 & 0.561 0.23 2 0.09 0.9 + 0.35
536 600 G 18 s 0,16 <0.18 <B.78 G.43 2011 0.50 + 0.35%
336 Bl L.00 & 019 0.14 & 0,377 <0.75 .21 + 0.09 0.58 ¢ 0.30
B16 &0 094 = 085 AT 1.08 « 1.54 0.07 4 0.0 B.56 1 D.34
536 10 0.8% + 0.25 <0.18 <0.67 0.16 + 0.07 0.73 + 0.26
538 T80 2.44 + 0,35 <0.17 <0.75 <0.04 0.40 + 0.32
540 00 0.71 + 0,21 <016 0.50 + 0.44 <0.03 0.8 +0.3]
539 &0 0.% » 0.18 <(.38 1.26 ¢ 1.47 <0.04 1.59 + 0,45
540 1:1] 0.8% » 0.26 <0.21 <0.66 <0.03 q.80 + 0,33
540 910 0.8 + 0.22 .37 <0. &5 <0.03 1.3% + 0,31
580 %0 0.8 + 0.29 <@.16 0.78 + 0.99 .03 0.8 & 0.26
$35  1a00 0.98 + 0.23 <®.20 0,67 ¢ 1.50 <0.04 0.72 + 0.36
530 220 0.8 ¥ 0.2t <@.32 1.5 ® 2.0 0.99 1 0.16 0.9 1 0.36
520 240 0.8 + 0,25 <. 2] <0.81 <0.04 0.88 + 0.243
50 2@ Q.55 + 0.l9 <018 1.16 = 2,19 0.68 1 0.14 1.00 + 0.6
s Ao 0.61 + 0.1% <016 <0. 85 0.90 ¢ 0.17 a.54 2 6.25
SEG 34D 0.8Y + 0.20 <036 .82 + O.H2 0.09 £ 0.08 U712 + 0.2
520 400 0.85 + 0,20 .19 <. 71 0.57 £ 0.12 .61 ¢ 0.40
520 440 0.48 2 0.30 <W0.16 1.57 » L.2D 0.98 £ 0.13 077 ¢ 0,48
520 4O 0.68 ¢ 0,28 .30 0.5 3 D.67 0.63 ¥ 0.12 0.%0 3 0.30
3 530 0.8 s 0,26 <6.15 0.79 3 0,41 0.23 + Q.07 0.75 & 0.36
20 %0 1.00 « 0,28 Q.43 1.60 + 2,18 L5 £ 018 L.B4 2 0,75
5 600 0.8l + 0,28 .29 1.42 » 2.00 .73 16,18 <0.23

520 640 0.1% + 0,20 <B.18 €0.63 .20 + 0.07 0.B1 + D40
S 60 0.1 & 0.30 <0.1% 0.8 +1.87 0.19 & 0.0% 0.58 + 0,43
523 TN D16 2 (0,23 <D.LE 1.2 4 0.8 0D.66 1 0,14 0.5} » 0,33
520 60 L0 + 0,25 0. .78 0.08 » V.08 Q.89 + 0.39
50 800 L.63 x 0.38 <0.23 0.8 + 1.52 0.16 + 0.07 0.B% + 0.29
50 B4 0.8 + 0.20 <0.14 0,56 + 0.44 <0.02 8.74 & 0.36
520 GEF .13 £+ 0.21 <0.29 5.03 +1.74 <0.03 0.82 1 D.41
510 920 0.9% 3+ 0.24 <0.18 <0.6%9 <0.03 L.0a » 0,29



TABLE &4, comnt.

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 40 M GRID INTERVALS

Grid Location Radionuclide Comcentrations (pCifg)

(039

TRTE Wa-276 U-235 0-238 Cs-137 th-232
520 %60 1.33 + 0.24 <0.30 2.21 + 0.93 <0.04 1.01 + 0.30
320 1000 1.03 3 0.73 <0.29 <0.35 0.61 + 0.16 1.3 + 6.0
520 100& 0.60 = 0.1 <619 1.1 & 117 0.05 v 0.08 0.66 1 0.32
An0 0 0.0% T ¢.3) <f.13 T .3 x O.14% DaFO 3 D,kD
480 240 0.68 & 0.24 <0.18 <0. 80 <0.03 0.66 1 0.59
480 QB0 0.5 % 0.16 <0.28 <. 88 0.73 £ 0.13 1.06 + 0.39
460 320 0.71 ¥ 0.18 .17 1.15 & 0.5 0.73 % 0.13 0.66 1 0.32
£ e EA 0.63 3 0.20 .18 1,51 » 1.02 0.75 & 0.07 .63 & D.3%
480 ADD 06,90 + .21 <0, M 207+ L.02 0,36 + 0,10 0.85 & 0.44
460 &a0 0.61 3 0.21 0.4 1.1¢ % 0,40 <0.03 1.05 1 0.25
aB0 480 0.85 % 0.19 0.60 + 0.43 1.44 ¥ 0.9 0.0 + 0.00 1.01 + 0.45
[y 540 AR & O TH <. 74 13 cen.m 1A AN
480 540 6.76 + 0.26 <0.19 <0.73 <0.02 0.9 £ 0.39
480 600 0.76 + 0.1 .14 6.94 & 0.38 <0.03 0.95 + 0.30
4B} 64D 0.8 + 0.29 <.15 0.49 & 0.64 0.09 + 0.08 0.62 1 0.40
480 680 0.71 + 0.18 .13 0.95 + 0.42 0.06 + 0.06 0.77 + 0.76
L8 730 0.83 ¥ 0.24 <0.18 0.92 3 1.78 0.08 + 0.08 1.05 + 0.32
4ar 76D 1.08 7 0.19 <0.26 1.35 £ 1.63 0.1 + 0.06 0.92 1 0.36
480 BOO 0.91 ¢ 0.26 <0.18 1.06 + 0.76 0.09 + 0.15 0.9t + 0.36
480 B840 1.25 3 0.25 <0.28 <. B9 <0.03 0.97 1 0.36
48 BED 1.20  0.19 .16 1.35 » 0.68 0.06 + 0.05 0.9t ¢ 0.37
48 920 0.94 3 0.20 w.i? 0.79 + 0.46 <0.03 0.73 1 0.46
480 960 1.0 3 0.2 .17 <0.38 <0.03 1.05 ¥ 0.37
480 1000 6.90 + 0.28 <0.18 1.47 + 0.62 0.88 + 0.16 0.79 ¥ 0.3)
480 1009 0.8 + 0.19 .21 3.20 ¢ L.07 U.14 » 0.08 (L BL + 0.7
wo 210 6.20 3 018 .17 0.69 ¥ 0.73 0.46 % 0.09 0.7% 1 0,29
40 0 0.80 & 0.18 .18 1.20 ¢ 1.77 0.45 » 0,11 1.31 1 0.40
40 7E0 0.59 « 0.18 <0.23 <0.72 0.76 « 0.14 0.58 + 0.30
40 310 0.99 & 0.19 0.06 + 0.08 1.79 ¢ 1.32 6.05 + 0.04 0.55 & 0.30
44D 360 0.80 3 9,21 @76 131 £ 1.7 0,43 3 0.07 0.84 1 0,3)
440 500 0.50 ¢ 0.23 .25 1,34 £ 1.0 <0.03 0.64 ¥ 0,20
40 G40 U.60 + 0.26 Y <0.64 <0.02 0.16 + 0.24
Lo 4ED 0.64 * 0.24 ITHYY 0.% + 0.4 0.08 + D.0b 0.8 1+ 0.32
4o 520 0.84 + 0.75 .27 1.5 ¥ .07 0.07 % 0.08 1.00 3 0.36
L 560 0.78 1 0.20 <18 <0.64 <0.03 0.8 ¥ 0.2%
45 60D 0.75 % 0.8 [INE Q.76 & L6 0.9 1.01 3 0.35
ALD BAD 0.66 % 0.26 €0.1B 1.1 ¥ 1.54 0.0 091 ¥ 0.28
455 6ED 2.35 % 0.34 <0.25 0.9 <0.,03 0.8 1 0.51
440 120 b b b b b
40 760 0.8l + 0.21 <0.16 <0.17 <0.0% 0.60 + 0.41



T¢

RADTONUCLIDE CONCENTRATIONS IN SURFACE SOLL SAMPLES

TABLE 4, cont.

FROM 40 M GRID INTERVALS

Grid Location e _Badipouelide Concenteatione {pCifg) e
N E Ra- 236 U-23% U-238 Ce-137 Th~232
AG0 OO 0.73 4 0.25 Q.20 . & .07 & 0.H {.2E8 % 0.34
W50 840 0.7% + 0.24 0,25 <, 81 <004 0,94 + 0,30
450 80 0.4 3 0.23 .18 1.16 ¢ 1.43 <0.04 0.8 1.2y
& 520 L.14 + 0.2} <0,30 1.76 + 1.48 0.30 +» D10 0. 88 + Q.28
Rl 960 1.14 + 0,34 <h.28 1.67 + 1.29 <0.04 1.02 3 0.54
450 1000 1,77 + 0.20 <0.15% 0.62 + 0.34 <0.04 0.65 ¢ 0.3
440 1005 0.8 + 0.2 <0.16 <0.15 <0.04 6.72 & 0.32
420 176 1.40 = 0.30 <0.13 1.15 £ 1.% 1.18 % 0.15 6.43 £ 0.26
420 20 G.6R & 0.24 0.0 + 0.04 <). 88 0.67 +0.13 1.23 + 0.36
420 320 0.75 + .35 <0.121 1,11 % L.45 0.38 + 0.14 0.79 1 0.3
420 B 0.75 + 0,24 <0.25 1.4% = 1.32 <0.03 0.88 + 0.52
525 720 0.74 + 0.2 .16 0.4+ 0.39 <0.03 0.8 + 0.74
400 177 1.01 + 0,24 <0.18 0.8 + 1.63 0.74% £ 0.12 .68 + 0.12
400 200 D% + 0,24 <ir. 30 <l.0d 0.36 » 0.10 4.6% + 0.28
a0 210 0.3 1 023 .20 <G, 83 .55 2 9.1 4.74 2 0.25
400 240 0,63 + 0,24 <0.18 1.23 & h.s2 0.15 ¥ 6.10 0.8 3 D2
400 260 0.85 + 0,21 .15 1.14 » 0.49 Bb.lb v 0.08 0.% v 0,26
400 280 .78 3 0.21 .15 0.5¢ + 0.7 6 0.73 ¢ 0.13 0.69 % 0,32
400 160 oG o« 0,31 .17 <69 6.09 3 6.10 0.35 s 0.3F
&00  3W0 0,66 « 018 NS 0.5 & 0.38 0.15 3 0.0% 0.5% + 0,23
200 34 0.7% & 0,08 WK <69 <003 Lo £ 0.34
a0 340 <B.16 <015 1.9 ¢ 1.29 0.13 + 0.05 050 ¢ 045
A00 400 0,55 4 0,24 <317 1.33 & L.29 €n.03 D.7R 3 N1
400 a4l 0,89 + 0,20 <014 1.30 + D43 <0.02 0.79 + 0.28
400 L 066 + 0,23 <0.13 .81 » 060 $.07 2 0.04 0.6% & 0.28
400 510 0.1 2018 <0.13 0.85 + 0.62 4,02 » 0,03 0.64 ¢ 0.1%
LOD 860 9.08 & 0.24 AT 0.8 = 1.13 PN [.62 2 D.28
400 600 061 + 0,28 .27 4,48 + 1.59 <{0.03 1.07 = 0.36
400 640 0.53 + 0,13 .19 0.45 ¢+ 1.37 <0103 1.12 + D.A3
&00 740 0.8 2+ .19 .24 B.40 & 141 <0.03 0.95 + 0,21
450 sQ 0.94 + 024 <t.19 1.26 + 1.32 <0.04 0.78 +# 0.33
40 w0 0.35 + 0,20 0.22 0,29 0.71 = 0,45 0.34 + 0.05 0.5 + 0,48
400 a0 0.91 + 0,21 0.14 + 0.36 1.15% » 0.71 <0.03 0.85 + 0,31
400 i 0.8 + 0.26 <0, 20 <Q0.69 <0.03 1.02 & 0.28
ABD ERO Y b b b b
400 9md 0.93 + 0,2 <0, 20 L.4h » 1.36 <0.03 0.74 + 0.4
400 %0 0.8 3 0.3% W0.18 <63 <{1.04 0.66 & 0.42
400 1600 0.79 + 4.21 <0.22 <077 0.5 ¢ 0.1} 0.55 + D42
0D (B0 nks ¢« 0 M AN <063 0.08 % 0.06 0.58 + 0.7



TABLE 4, cont.

RADTONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
FROM 40 M GRID INTERVALS

Lrid Location Radigruclide Copcenypavions (pCifgl ...
] H Ha-2 2 u-235% u-238 ey~137 Th-212
1@ 260 D.58 + 0.28 <, 20 1.9% 2 2.1% 6.9 + 0.6 L.10 x 0.26
1 0 T.09 2 0.24 0.16 » 0.12 1.30 & 1.34 .11 £ 0,05 0.4 & 0.4
180 300 DR o+ N.2¢ .28 144 ¢ 1.75% .20 + 0.08 L.} o+ DL4D
Im 320 0.9 ¥ 0.24 <0.27 1.% + 1.10 0,27 x 0.12 1.23 + 0.30
kY: I T 0.64 % 0,18 <0.18 <917 <0.04 0.66 £ 0,31
0 177 0.85 £ 0.35 <0.22 <0.73 0.5% + 0,13 0.72 + 0.16
360 200 0.55 + 0.2% <0,13 1.60 + 1,59 0.60 & 0,13 0.73 + 0.42
380 220 0.66 * 0.2% <g.21 L.79 + 1.84 0.66 + 0,13 .67 * 0.6
30 24D a.64 1 0.19 <@.17 1.10 + 0.68 €0.02 0.69 + 0.29
380 280 0.91 3 0,34 0.25 + 0,139 1.9% ¢ 1.61 4.4 + .09 1.32 = 0.41
60 280 0.70 2 0.23 <0.16 0.91 £ 1.15 0.15 + 0,06 0.88 ¢ 0.31
160 300 0.9% + 0,23 <.21 Q.72 <0.04 1.19 * 6.41
60 330 1.03 + 0.20 <0. 16 0.29 + 0.47 0.04 + 0,06 0.94 + 0.27
360 340 1.04 + 0.%4 <p,29 0. B <04 1.23 + 0.35
360 260 0.95 + .24 <0.16 1.13 + 0.9 0,08 + 0.04 0.47 + 0.4
380 400 0.71 « 0.2 0,24 <076 0,0 3.5+ 0,28
0 A 0.71 + 0.25 <019 1.35 £ 1.59 <0.03 1.07 £ 0.37
360 4ED .43 + 0.12 W.14 0.9 3 1,13 .43 D.535 + 0.30
60 S0 D.6H 3 D.3) ol id 0.67 +0.41 0.1% & 007 0.77 % 0.5
360 sa0 075 20,21 .14 0.9 ¥ 0.40 L] 0,E% ¥ 0.39
160 50 0,95 + 0,25 ). 26 1.75 % 1,38 [ BTN N7 0.95 & 092
W0 600 0.8 v 0,21 Wb <t 5% 20,03 0.73 » 0,34
ML BAD 0.71 & 0.23 w017 it <003 0.65 ¢+ 0.37
60 673 0.61 + 0.16 <0.1% 0.70 1 1.2% <003 U.f3 % UL

360 j20 b b b b b

360 780 0.58 2 0,19 <0.17 €0.5% 0.04 3 0,07 0.74 + 0.58
360 @0 1.04 2 0,34 0.0 & DDA 130 + 1,24 0.1% £ 010 1.39 + 0,40
380 .2A1) 1.10 % 0,30 w.23 1.7 + 0.68 AUMIE] 1.18 + 0.57
380 2™ 0.93 + 0.25 0.02 » 0.03 1.36 + 1.60 <043 0.8 » D.3E
IbE 520 0,50 4 0,20 <0.1% 0.8l b 1.17 &+ 8.4
(111 0.69 + 0.8 <.22 111 +1.76 <l B 0.92 & 0.34
160 1000 0.78 + 0.4 <0.17 0.5 1.5 B.66 + 0. 14 0.65 + 0.18
160 1004 0.93 & 0.21 <0.26 0.32 ¥ 1.55 <004 0.71 » 0.2%
% 260 0.85 ¢ 0.9 <0,29 1.9 + 2.07 0.54 20,13 1.47 + 0.3
300 18 0.8 + 0.4 <0, 20 120 + L.4B 0.14 + 0,10 0.66 + 0,75
dal 390 1.21 4 028 .29 i, 0 <Qa.0X 1.4% x ©.3%
3% a0 #.9% 2 0.35 w,.18 .0 1 ).75% 03 0.7 + Q.34
34D 340 .63 1 B.34 .20 1.69 % 2,77 2,17 20,24 0.8+ 0,41
W B D.51 » 0.4 0,27 D.% + 0.8 0.60 % 0,15 D.37 + 0.9
Jaa Pt .8y 0.7 .33 1,48 + 0.1 X 007 1.24 & 0,00
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RADIONUCLIDE CONCENTRATIONS IN SURFACR SOIT. SAMPLES
FROHM 40 M GRID TNTERVALS

TABLE 4, cont.
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320
324
ian
3N
M
I
3
u
3
Y
3N
3
320
3N
3
3n
30
3
3
3z
EF]
30
k¥l
J
60
300
30
.1
T80
ki
28
m

28}
28}

280
18
180
i

E

20
240
TR

i
158
400
Y4y

520
560
500
64D

110
180

B0
HEY
320
%0
1000
1ty
K22
526

SO0
LE2
100
LT
18
Iz
158
AOH0
A
480
510
560
00
640

Badionuctide Concenmtracions {pCifg} = _

a.22

Ba-23%
0.65 + 0.31
0.76 £+ 0.18
0.9t 3 024
100 + 0.2
&6 + 0,23
¢.i8 1 0.23
.69 % 0,23
¢.68 £ 0.21
0.50 3 0,19
0.91 % 0.25
G715 » 0008
0.8 x 0.2}
0.74 2 0.1%
0.8 ¢ 0.19
0.98 & 0.28
1.73 5 0.24
1.20 & 0.26
0.88 s 0.29
0.80 & B.25
0.63 ¥ 0.25
0.95 + 0,28
0.9 + 0.2%
0.85 £ 0.16
0.79 £ 0.16
0.9 £ 0,25
0.96 & 0.24
0.8 % 0.%
1.1% % 0.38
0.78 »0.2¢
.06 & 030
1,01 2 0.2
LoD 2 0,253
1.00 3 0,26
0.8 & 0.0
Q.80 %

b
b
b
b
p-3

0.20

U-233

015 + 008

U-238
<. 80
C.75 3 1.55
oSk o4 1 81
0.594 ¢ 1.42
1,65 ¢ 1.37
0.76 » 1.58
<h.70
65
.48
0.89 & 1.82
D.%4 + 0,68
0.61 1 1.21
<0.57
2.07 2 1.36
1.1 +1.14
1.06 + 1.68
1.65 + 1.74
<0.64
<0. 83
.7
0.5% + 0. 80
2158+ 1.00
1.24 + 0.38
L0 & AT
1. .22
Q.76
.72
V.99 + 0.7y
2.09 + 1.4
1.27 +1.88
1.30 % 2.60
T.63 + 1.82
1.32 4 1.4
<0, 84
.21 & 1,24
b
b
b
b
0.95 + 1.67

Cu-137

.18

~
(=]

12
L1

08
a9

& 3 &
L .
gl PN
ssossho

__.
fay -

=3

=i b+ b be 3.‘.:"
=

.06
.04
.09

[—F_}
o
frag- 3
- i
=]

=
=
=
.

=

0.12 + 0.05
0.14 + 0.05

0.07 &+ 0.08

Do oooo
m ey W B DB
A o & A
k=1
=

e

0.06 + 0.07

Th-232
0.50 & 0.63
0.82 + 0.35
1164010
0.50 ¥ 0,39
0.62 x 0.7
0.78 2 0.50
1.15 2 0.32
0.65 » 0.25
0.42 3 0.26
0.92 7 0.36
0.69 % 0.39
1216 # 0.48
0,71 ¥ 0.21
1.01 ¥ 0.36
0.7% 1+ 0.30
1.43 3 0.47
0.99 % 0.55
0.8 3 0.40
0.50 + 0.35
1.09 ¥ 0.37
0.68 + 0.32
0.72 + 0.31
6.74 + 0.20
V.98 & 0,28
0.8 % 0.35
0.8 £ 0.39
0.95 + 0.34
U.bs U3y
0.69 ¥ 0.41
0.98 + 0.43
1.21 ¥ 0.39
0.8 % 0,40
076 £ 0,39
0.82 1 0.29
0.8 # 0,78

b

b

b

b
0.74 + 0.25
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TABLE 4, zont.

RADICNUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES

PROM 40 M GRID INTERVALS

Grid Location

Badicouclide Cottencrations (pCife)

] [ P T [T [BFEE] Cal37 T The232
2% b H} B.9> ¢ 03] MM Ligd + .43 0,00 3 V.08 W.i8 + 0,50
280 120 1,09 ¥ 0.20 €0,26 0.97 & 1.43 .04 0.9} + 6.32
280 160 0.73 + 0.2 <0,y 1,66 % 1,57 .03 0.84 ¥ 0,35
8 W0 0.80 3 0.20 <0.26 166 41 7 0.07 & .07 0.78 £ 0,26
F1-s) Lo .99 » 0,26 .30 0.9 t L.y <0 .0 1.0 T .34
FE 0,88 ¢ 8.2 <B.16 G.8 3 1.43 @,03 0.89 ¥ 0,26
FE ) 1.04 ¥ 0.31 <0,25 1,23+ 1.36 0.0% & 0.0 0.51 + 0.2¢
280 %0 0.71 + 0.2 <0.18 o, 5 0,03 0.67 + 0,42
2 1000 0.668 % 0.20 0,12 0.92 + 1.89 0.10 z 6.0% 6.52 3 0.32
260 1005 .9 ¥ D18 .22 <012 @05 0.69 ¥ 0.33

% Errors are 20 based on counting statistics.
b No sample collected; grid point inaccessible due to presence of surface

water or landfill area.

l
v
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TABLE 5

RADICHUCLIDE CONCENTRATIONS IN SURFACE SAMFLES
FROM LOCATIONS IDENTIFIED BY THE WALKOVER SCAN

Sample Descraipbion  Grid Locatiow e - Radlamnc)lde concentrdcions Cpeifple

o TR TE Ra-226 V2355 -23 Cs-137b

Bia soll 59 222 2,60 x 0.33e <037 5.60 x 1,30 0.13 + 0.1 1.7 1
EIB Rock 539 222 3390 + 95 <6B.9 403 1 368 <10.1 553 *
B2A Soil 538 222 2.35 + 0.3 .27 1.47 ¢+ 108 <0.04 1.28 ¢
BiB Kock 538 122 180 + 33 0.1 + 53.3 211 + 113 <3.44 152 *
B3 Soil 516 224 1.04 + 0.26 <0.Z71 3.05 + 1.3 <0.03 0.69 2
B4 Rock 521 758 sn + 39 €25.% 108 + 121 3.00 + 1.68 8.3 &
B5 Soil 493 221 29.0 + 1.3 <072 18.4 + 3.2 0.55 + 0.14 0.71
BG Soil 491 12 5.11 + 0.45 <041 6.8 + L6535 0.29 + 0.0 1.20 +
27 Rock 565 740 6660 + 97 <§1.7 <148 <8.72 98.5 1t
B& Rock 460 T4l 11,200 + 110 16+ 175 <130 <112 <&l .6
29 Rock 458 164 2160 + 36 <10.9 <F6.8 <4.09 19§ +
BIC Chip 507 953 d d d d d
B11 Spark Gap TR4 112 - a e e e
Bl2 Rock{Metallic) 376 92 5250 1) @37 <458 «4.55 s *
13 Roek 362 118 1660 + A6 4.8 <Th.Y €3.59 43.3 »
Hlé 9 360 29y 0.9% + 0.28 £0.20 1.7+ 1.®@ <004 Q.65 +

4 Refer to Table 3 for direct radiation levels.

b Laxge relative errore and minimum detectable activities are the result of
high coutinuum count rates caused by high Ra-226 levels.

¢ Errors are 2o based on counting statistics.

4 small sawple with Ra—226 activity teo high for gomma spectrometry analysis: refer
to Table 6 for total Ra-226 content.

€ Small sample with ©s-137 activity too high for gamma spectrometry amalysisj refer
to Table 6 for total Cs-137 comtent.
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TABLE 6

RA-226 AND CS5-137 ACTIVITY IN SAMPLES FROM
LCCATIONS OF ELEVATED DIRECT RADIATION LEVELS

Sample Grid Location Nature of Sample Ra-226 Ca-137

N E (ueil (uei)

BlO 407 989 Plaster—like chip 0.31 v eran

Bll 384 312 Ceramic "spark-gap" « --- 25.4
device

# Dasvhes indicate negligible lavel.

36
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TABLE 7

RADIONUCLTIDE CONCEMTRATIONS IN BCREHOLE SOIL SAMPLES

Borebole Grid locatiom Pepth - _..._Radaoouclide Concentratione (pCifg) —_ P
Ko, @ H E (m) Ra-Ii6 0-235 U-238 Ca-137 Th-132
ul 540 238 Surface 0.74 - 0.20b <0.18 <0.58 <0.02 0.2 + 0,18
H2 518 758 Surface 0.63 £ 0.20 <g.16 G.98 + 1.5 <0.03 0.6 +0.22
b5 D.65 + O.1B <.17 094 + 1.39 <8.03% G.91 + 0,27
3 Sz Loy Surface G463 3 023 <0. 2% <q.6} <.03 0.0+ 0.37
G5 060 & 076 <0. 20 <011 <0.03 0.89 1 0,30
1 1.00 & 0.26 <.32 <0.99 <0.04 0.8+ 0.32
2 .51 + 0,21 €0.27 <0, 8 <0.03 0.5 + 0.4l
Ha 116 1002 Sugfare 0,8 « 4,25 .27 .04 + 1.1 <0.04 1.00 » 0.313
0.5 0.78 + 0.30 <h.22 0.8 x 1.38 <0.04 1.00 ¢ 0.48
Z 1.03 ¢+ 0.39 Q.32 <0.93 SR.ud U.% + 0,348
3 0.91 » 4.30 0.05 + 0.06 .58+ 1.82 <0.05 0.75 + 0.60
B3 310 645 Surigce 1.14 + 0.3 <0.27 1.20 + 0.7% 0.25 + D.09 L.03 + 0.12
0.5 1.19 # 0 24 <0.21 1.1 + 1.48 <0.03 1.02 + 0.31
1 0.58 + 0.22 <0.3% 2.22 + 0.9 <0.04 1.13 £ 0.32
H 0.8 + 0.2 <0.19 1.82 + 1,61 <0.03 L.44% + 0,42
3 0.98 + 0.20 <0.25 .21 + 1.5 <0.04 8.74 + 0.31
& 315 184 Surface 0.88 » 0.23 .19 1.22 + 1.40 D.h% =+ 0.1 B.88 + 0.70
0.4 0.85 + D.28 <0.27 0.97 + 0.4 <0.03 0.9 +0.33
H? n 250 Burfoce 1.0 2 0.3 <0.25 1.5 7 1.03 G.hy 3 D.0G L.k 2 0,48
0.3 0.2 & 024 «.la <0.58 4003 D.78 10,29
1 0.94 + 0.2 <0.25 <0.13 <001 0.93 2 0.32
He 365 IND burkoce 1.29 + 0.33 %0.21 Q.67 W05 Gudo « 03T
0.5 0.%5 + 0.25 0.2 “0.61 002 4 0,03 0,22 + 0.26
1 108 + 0.1 «0.32 42+ Le <04 L4l « D38
2 0.89 + 0.2 <0.19 1.05 2 2,09 <0.03 1.43 1 0.3
4] 35 I Surface 0.95 + 0.22 <0.28 Lo4d + 0,90 <004 L0 £ 0.48
1 .04 + 0,26 <0, 37 1.68 = 1.5 0.07 » 0.06 1.2 2 0.37
k) 1.31 1 0.45 <0.25 <051 .03 0.98 3 0,49
HlO 360 310 Surface 1.01 + 0.34 <0.18 <0.66 .05 L.0B + 0.33
6.1% 0.8 +0.22 <0.28 1.9l +1.3¢% 0.22 1 O.14 0.73 1+ 0.23
0.3 L.04 + 0.23 <0.27 3.32 £ 1.43 Q.06 + 0.04 1.02 + §.38
1 0.75 + 0.25 <0.17 <0.39 <0.04 D.48 ¢ 0.35
b7 1.16 £+ 0.2 <.} 3.9 2 1.8 0.11L 3 0.07 1.25 2 0.51



TABLE ?, cont.

RADIONUCLIDE CONCENTRATIONS IN BOREEOCLE SOIL SAMPLES

Borebole  Grid Location  Depth . Badionuclide Concenfrations (pCifg)
Ho. TRTTE tm) Ra-226 0-235 U-238 Cs-137
el 71? EELS Surfars 1.09 3 n.%1 <0.20 0. + .40 <0.04
1 0.9 +0.21 . 0.3 0.61 & ).57 <0.03
? 0,85 4 0,25 <0.17 0,75 » 1,20 <402
H12 sb& 734 Sucface 0.0 + 0,25 <01 1.6 » 1.5% <03
0.5 G.63 » 0,21 <0.18 0.68 1 1.24 <03
1 066 +0.19 0.1¢ 1.22 ¥ .33 <0.03

& Refer to Figure 4. o
o b Errers are 2u based on counting statistics.
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TABLE B8

BADIONUCLIDE CONCENTBATIORS IN WATER SAMPLES

Sauple Sample Grid Location Radionuclide Concentrations (pCifl)
Nao. Type N E Gross Alphat Groes Beta
Wl SurFace Water® 400 680 <1.68 3.15 + 3.98
w2 v "oa 320 560 <3.22 8.45 + 7.14
W " " oa 305 190 2.97 + 4.43 6.53 +6.89
Wa " noa 05 B0 5.05 3 1.95 6.91 + 2,93
Ws Subsurface Borehsale HLb S40 238 1.02 +1.52 5,52 + 2.25
Wb v W p3b 522 1007 6.19 1.8 14.2 % 2.7
w7 " o H1Zb 464 738 4.72 % 1.90 22.9 4+ 2.8
w8 " NI 372 336 3.76 + 1.70 65.4 3.3
W9 " "oneb 360 320 3.18 + 2.06 5.55 + 1.8

4 fefer to Figure 5.
Refer Lo Figure 4.

¢ Large amounts of dissolved solids resulted in relatively poor detection sensitivities
and high errors for gross alpha analysis.

d Errors are 20 based on ¢counting statistices,



TABLE 9§

RADICHNUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
FROM DRAINAGE DITCHES

Radionuclide Concentrations (pCifg) -

Sample  Grid Location L ~ o
No.4a N E Ra-226 U-235 U-238 Cs-137 Th-232
sbl 320 560 1.18 ¢ 0.26b .25 <0.92 0.10 1 0.11 1.17 + 0.4b
sp2 305 190 0.76 £40.18 <0.29 1.82 + 0.92 0.27 + 0.08 1.10 + 0.36
s03 ks %0 0.83 +» .20 .17 <0.68 0.32 + 0,08 0.72 + 0.45

4 Refer to Figure 5.
b Errors are 2¢ based on counting statistics.



TABLE 10

LISTING OF AREAS OK PROPERTY D WHICH

EXCEED RESIDUAL CONTAMINATION CRITERIA LEVELS

Grid Location® Remarks
N E
539 222 Faech of these areas liated contains an
538 222 isolated piece of rock-type material
493 221 contaminated primarily with Ra-226. It
491 221 is estimated that the total volume of
464 708 these pieces of material is less than
384 320 2 @3, Recent earthmoving activities on
380 328 this property may have disturbed these
380 330 areas, relocating or covering the
400 280b source and possibly uncovering
369 320 additional contaminated material not
363 326 gccessible during che survey
362 322 described in this report.
361 310
36l 323
Jel 325
360 300
360 308
339 320
358 320
356 322
%6 318
35l 324

4 Refer to Figure 8.
b Relocated from 376N, 292E.
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APPENDIX A

INSTRUMFENTATTON AND ANALYTICAL PROCEDIRES



AFPERDIX &

instrumentation and Analytical Procedures

Gamma Scintillation Measurement

Walkover surface scans and measurements of gamma eXposure rates were
performed using Eberline Model PRM-6 portable ratemeters with Victoreen
Model 489-55 gamma scintillation probes containing 3.2 ¢m x 3.8 cm Nal(Tl)
scintillation crystals. Count rates were coaverted toc exposure rates
(uR/h) using factors determined by comparing the rtespomse of the
seintillation detector with that of & Reuter Stokes model RSS-111

pressurized ionization chamber at locations op the Niagara Falls Storage

gite and off-site praperties.

Beta-Gamma Dose Rate Measurements

Measurements were performed using Eberline “Rascal," Model PRS-1,
portable secaler/ratemeters with Model HP-260 thin-window, pancake G=M, beta
probes. Dose rates (urad/h) were determined by comparison of the respomse

of a Victoreen Model 440 ionization chamber survey meter rto that of the G-M
probes.,

Borehole Lopeing

Borehole gammg radiation measurements were pevformed using a Vicroreen
Model 48955 gammsa scintillation probe, counnected to a Ludlum Model 2200
portable scaler. The scintillation probe was shielded by a 1.25 cm thiek
lead shield with four 2.% em x 7 mm hales evenly spaced sround the rogion
of the scintillation crystal. The probe was lowered inte each hole using a
tripod holder with a small winch. Measurements were performed at 15-30 cm
intervals in all holes. The logging data was used to identify regicns of
pessible residues and guide the selection of subsurface soil sampling
locationa. Due to the varying ratios of Ra-226, U-233, U-238, Th-232, and

(Gs=137, there was no attempt to estimate seil radionuclide concentrarions
directly from the logging results.



Svil and Sediment Sample Analysis

Gamma Spectrometty

So1l and sediment samples were dried, mixed, and a portion placed in a
0.5 1 Marinelli beaker. The guantity placed ic each beaker was chosen to
reproduce the calibrated counting gecmetry and ranged from 600 to 800 g of
gsoil. Net s0il weights were determined and the samples counted using
intrinsic germanium and Ge{li)} detectors (Princeton Gamma Tech) coupled to
a Nuclear Data model ND-680 pulse height amalyzer system. Background and
Compton stripping, peak sesarch, peak identification, and concentration
caleulations were performed using the computer capabilities inherent in the

analyzer system. Energy peaks used for determination of radionuclides of
CONCErD Were:

Ra=226 - 0,609 MeV from Bi-214 (corrected for equilibrium conditions)
TuZ3b ~ 0,143 Mev

U=238 - 0.094 MeV from Th-234 (secular equilibrium assymed)

Th=232 - 0.911 MeV from Ac~228 (secular equilibrivm assumed)

Ga~137 - 0.662 HeV

Water Sample dnalvsis

Warer samples were rough-filtered through Whatman No, 2 filter paper.
Remaining suspended solids were removed by subsequent filtration through
Q.45 yu membrane filters. The filtrate was acidified by addition of 10 ml
of concentrated nitric acid. A known volume of each sample wag evaporated
tc dryness and cpunted fLor gress alpha and gross beta using a Tennelec

Model LB 5100 low-background proporticonal countex.
Calibration and Quality Agsurance

With the exception of the exposure and dase rate conmversion factors
for portable survey gamma and beta-gamma wmeters, all survey and laboratory

instruments were calibrated with NBS-traceable standards. The calibrarionm

procedures for these portable instruments are described above.

;\."" 2



Quality centrol procedures on  all iostruments inciuded daily
background and check-source measurements to confirm equipment operation
within acceptable statistical ZIluetuationms.- The ORAU laboratory

participates in the EPA Quality Assurance Program.

A=3



APPENDIX B

SUMMARY OF RADIATION GUIDELINES
APPLICABLE TO OFF~SITE PROPERTIES AT THE NIAGARA FALLS STORAGE SITE



U. 5. DEPARTMENT OF EKERGY

INTERIM RESIDUAL CORTAMINATION AND WASTE CONTROL GUIDELIKES
FOFR
FORMERLY UTILIZED SITES REMEDIAL ACTION PROGRAM (FUSRAP)
AND
REMOTE SURPLUS FACILITIES MAKNAGEMENT PROGRAM (SFMP) SITES

[(Review Within DOE Continuing)

Presented here are the residual contamination cleanup and waste control
guide%}nes of general applicability to the FUSRAP projeet and remote SFMP
sites— . A site-specific analysis will be prepared for each FUSRAP and remote
SFMP site prior to deterniuning residual conmtamination guidelines for a specific
site. In additiou, it is the policy of the DOE to decontaminate gites in a

mauner consistent with DOE's as-low—as-reasooably-achievable (ALARA) policy.
ALARA will be considered ip reducing levels of residual contamination below

applicable dose limits. ALARA will be implemented using cost/benefir
congiderations, and applied on a site-specific basis. -

The soil residuwal contaminatiou gwidelines were developed on the basis of
limiting wmaximum individual radiation exposure to DOE limits specified in DOE
Order S5480.1A exelugive of exposare from natural bhackground radiatien or
medical procedures. The radium—226 and thorium~-230 guidelines include an
additional limitation for buildup of radon~222 decay preoducts in buildings. The
aggregate of the contribution from all major pathways, based on scenarios for
permanent intrusion, e.g., establishing residences on the site, was assumed. In
wost circumstances, the probability is low that such an intrusiou will occur.
Also, conservative assumptlons were used in deriving these guidelines to eunsure
that & particular dose limit would not he exceeded. TUse of these guidelines is
additionally conservative because the pathways counsidered 1o the derivatian of
the gnidelines assume all water intake and most food intake is from the sire,
Also, the FUSRAP and remote SFMP sites often have limited agricultural
capabllity and the coutamination is pgenerally not homogeneous. The cowbined
effect of these factors is such that the probable radiation exposure to the
averagé population on, or Iin the wicinity of, FUSEAP or remote 3FMF sites
decontaminated to these guidelines will not be apprecliably different from that
normally received from natural background radiatiom.

The residual contamination guidelines for surface contamination of structures
were adapted from guidelines developed by the T. S. Nuclear Regulatory
Commission (KRCY for decvntamluation of facilities and equipment prior to
release for unrestricted use, 9T termination of licenses for byproduct, source,
or special nuclear material = . The waste control guidelines are consistent
with applicable DOE Orders and EPA's regulations for inaetive uranium milling
sites, 40 CFR Part 192.

1/

~'A remote SFMP site is one that is excess to DOE programmatic needs and 1s
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A

located outside a major operating DOE R&D pr production area. Rewote sites
are more likely to be released to the publie or excessed te other pgovernment
agencies after decontamination than are sites located with major R&D or
production areas.

- 5. Kuclear Regulatory Commission 1982 Guidelines for Decontamination  of
Facilities and Equipment Prior to Release for Unrestricted Use or Termination
of Licenses for Byproduct, Source, or Special Nuelear Material. Division of
Fuel Cycle and Material Safety, Washingtom, DC.

"RESLDUAL CONTAMINATION GUIDELINES FOR FORMERLY UTILIZED SITES AND REMOTE
SURPLUS FACILITIES MARAGEMENT PROGREAM SITES

The followlng guidelines répresent Che maxipuwm residual contamipation
limits for unrestwicted use of land and structures contaminated wirh
radionuclides related to the nuclear fuel cyele at FUSRAP and remote SFMP
sites, A site-wpecific analysis will be prepared for each sice prior to
determining residual contamination guidelines for a specific site. Tt is
the policy of DDE to decontaminate sites to contamination levels at or
below the limits and in & manuer counsistent with ROE's
as~low-ag~is—reasonably-achievable (ALARA) policy om a site-gpecific basis.
Site~gpecific guidelines and ALARA policy will be determined by DOE oo »
slte-gpeeifiec basis and an ALARA report filed on completion of rewmedial
action at a site. Existing state and federal standards will be applied for
water protection. Residual contamination limits for ,other nuclides will be

developed when required using the same mnthmdﬂ]ﬂgym/ as was nsed for those

represented here.

1. Soil (Land) Guidelines (Maximum Limits for Unrestricted Usge)

Soil Criteriaz 375/

Radicnuclide (pCi/g above background)

UwNatgyaléf 75

U*ZBBEI 150

U-234— 150

ThmﬁBﬂzf 15

Ra—-226 S pi/g, averaged over the
first 15 cm of so0il below
the surface; 15 pCi/g when
averaged over 15 cm thick
soil layers more than 15 cm
below the surface and less
than 1.5w below the surface.

v-235%/ 140

Pa-231 40

Ac-227 190

Th—-232 15

Am-Z&lB/ 60

Pu-241— 2400

Pu~238, 239, 240 300

Cs~137 ao



Si=90 300
B~3 (pCi/wl soil woisture) 5,200

l/Desz:ribed in ORC-831 and ORO-83:.

— Iz the event of vccurrence of mixtures of redionuclides, the
froctien congributed by cach radicmuclide teo dits guwidaline shall be
determined, and the sum of these fractionms shall not exceed 1. There
are two special cases for which this rule must be podified:

(a) 1f Re~226 is present, then the fraction for Ra-226 should not bhe
inecluded in the sum if the Ra-276 concentryation is less than or
equal to the Th=230 rconcentration. TIf the Ra=~226 concenrrarion
exceeds the Th~230 concentration, then the sum shall be
evaluated by replacing the Ra-226 concentration by the
difference between the Ra-226 and Th-230 concentrations.

(b) If Ac-227 is present, then the, same rule given ip (2) for Ra-226
relative to Th-230 applies for Ac—227 relative to Pa-231.

E/Except for Ra-226, these guidelines represent unrestricted=-use
residual concentrations above background averaged acrogs any 15 cm
thick layer to apny depth and over any contiguous 100 m~ surface area.
The same conditions prevail for Ra-226 except for soil layers beneath
1.5 w; beneath 1.5 w, the allowable Ra-226 concentration may be
affereted by site-specific conditions and must be evaluated
accordingly.

i/Lucalized concentrations in excess of these guidelinas are
allowable provided thar the average over 100 m” is not exceeded.

However, DOE ALARA policy will be considered on 3 site-specific basis
when dealing with elevated localized concentrations.

éjA eurie of natural uraniuwm weans the sum of 3.7 x 1010
disiantecgrations pcrlaﬁcond {dis/=) over any lSecm thigk layers from
U-238 plus 3.7 x 10 dis/s from U-234 plus 1.7 % 10 dis/s from
U-235. One curie of narural uranium is equivalent to 3,000 kilograms
or 6,600 pounds of matural uranium.

6
—!Assumes nwo other uranium isotopes are present.

Z/The Th-230 guideline is 15 pCl/g te account for ingrowth of  Ra-226
as Th-230 decays. Ra-~226 is a limiting radionuclide because its
decay product is Ro-222 gas.

nghe Pu=241 guideline was derived from the Am—241 concentratiom.

Structure Guidelines (Maximum Limits for Unrestricted Use)

a, Indoor Radon Decay Products

A structure located oo private property and intended for
unrestricted use shall be subject to remedial actiom as necessary
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to ensure the annual average concentration of radon decay products
is less than 0.03 WL within the structure.

Indoor Gamma Radiation

The indoor gamma radiation after decontawmination shall not exceed
20 mieroroentgen per hour (20 R/h) above background in any
occupied or habirable building,

Indpor/Qutdoor Structure Surface Contamiwation

+
Allowable Surface Residua% Contamination I
(dpm/100 cm™)

2/

Radionuelides= Averageé/'éf Haximumﬂf‘éj Remouableﬁ/’éj

Transuranics, Ra~226,

Ra-~228, Th~230, Th—228,

Pa-231, Ae-227, I-125,

1-129 100 300 20

D=Narural, Th-?32,

Sr-90, Fr-223, Ra-224,

U-232, I-126, I-131,

1~133 1,000 3,000 200

U-Natural, U-235, U-238,
and associated decay

products 5,000 15,000 1,000

Bera—gamma emitters

(radiouuclides with )
decay modes otber than

alpha emission or

spontaneous fission)

except Sr~90 and others .
noted above 5,000 15,000 1,000
Y As used in this table, dpm (disintegrations per minute)

mezns the rate of emission by radicactlve wmaterial as
detexmined by correctiog the counts pex winute observed by an
appropriate detector for background, efficiency, and geometric
factors associated wirh the inscrumentation.

— Where surface contamination by both alpha- and

beta~gamma-emltting radiovuclides exists, the limirs
eztabliched for alpha~ znd beta-gamma-emitting radicnuelides
shall apply independently.

=" Measurements of avErage contaminant should not be averaged
over more than 1 m“. For objects of less surface area, the
average shall be derived for each such object.

~'  The average aud maximum radiation levels associated with
surface contamination resulting from beta-gamma emitters should
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not exceed 0.2 mrad/h at 1 em and 1.0 mrad/h at | em
respectively, measured through not more than 7 pmg/en® of total

absorber,

5/ . s .

= The maximom contgmlnatlon level applies to ao area of not
more than 100 cm™.

6/

— The zmount of removable radicactive material per 100 sz of
surface area should be determined by wiping that ares with dry
tilter or soft absorbeat paper, aspplying moderate pressure, asnd
assessing the amount of radicactive material on the wipe with
an appropriate instrument of known efficiency. When removable
contaminariiot on objects of less surface 3rea 1s derermined,
the pertinent levels shall be reduced proporticanately and the
entire surface shall be wiped.

CONTROL OF RADIQACTIVE WASTES AND RESIDUES FROM FUSRAP AND REMOTE SFMP
51TES

Specified here sre the control requirements for radioactive wastes and
residues related to the nuclear fuel cycle at FUSRAP and remote SFMP sites.
It is the policy of DOE to store radicactive wastes in a manner

representing sound engineering practices consistent with DOE's ALARA
policy.

I. Interim Storage

All operational and comtrol requirements specified in the following DOE
Orders and other items shall apply:

a. 5480.1A, Environmental Protection, Safety, and Health Protection
Program for DOE Operatlions.

k. 5480.2, Hazardous and Radiocactive Mixed Waste Management.

¢, 5483.1, Occupational Safery and Realth Program for Covernment-—{hmed
Contractor-Operated Facilities.

d. 5484.1, Epvironmental Protection, Safety, and Health Protectiom
Information Reporting Requirements.

e. 54B4.2, Uovusual Occurrence Reporting System.

£. 5820, Radicactive Waste Managewent.

g. Control and stabilization features will be designed ro ensure, to
the extent reasonably achievable, an effecrive 1ife of 50 years,
and in any case, ar least 25 years.

h. BRn—-222 concentraticns in the armosphere above faelility surfaces or
openings shall mot (1) exceed 100 pCi/l at any given poiot, oT an
average concentration of 30 pCi/l for the facility site, orx (2)
exceed an average Rn—-222 concentration at or above any lecation
outside the facility site of 3.0 pCi/l (above backgrouund).
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i.

For water protection, use existing state asod federal standards;
apply site-specific measures where mneeded.

2. Long-Term Management

d,

b,

Co

e,

All operational requirements specified for Interim Storage
Facllities (B.1) will apply.

Control and stabilization features will be designed t¢ ensure to
the extent rezsonably achievable, an effective life of 1,000 years
aod, in any case, at least 20C years. Other disposal site design
features shall conforw with 40 CFR Part 192 perforwance
guidelines/requirements.

Ro-222 emanatiom to the atmosphere from facility surfaces or
upeniag shall not (1) exceed an average release rate of 2D
pbi/u/s, or (2) increase the aunual average Rn-222 concentration
at ?r above any location cutside the facility site by more tham 0.5
pGi/1.

For water protection, use existing state and federal srandardsi.
apply site specific measurens where necded.

Prior to placement of any potenrially biodegradable conraminated
wastes io a Long-Term Management Facility, such wastes will be
properly conditioned ta {I) ensure that the generation and escape
of biogenic gases will not cause the requirement in paragraph 2.e.
to be exceeded, and (2) ensure that biodegradation within the
facilicy will not result inp premature structural failure not in
accordance with the requirements in paragraph 2.b.. If
biodegradable wastes are conditioned by incineration, incineration
operationg will be carried out io compliance with all applicable
federal, srare, and lecal alr emission standards and requirements,
including any standards fer radionuclides established pursuant to
40 CFR Part 61, Natioual Emission Standards for Hazardous Air
Pollutants (NESHAPS).

EXCEPTIONS

Exceptions may be made to the guidelines presented herein following
analysis of the glte-specific aspects of a candidave sirve. Specific
situations that warrant consideration for modifying these guidelines ave:

1. Where remedlal actlons would pose a clear awd present risk of Injury te
workers or members of the publie, notwithstanding reasounable measures
to avold or reduce risk.

2. Where remedial actions would produce envirocumental harm that is clearly
excessive compared to the health benefits to persons living on or near
affected sites, now or 1n the furture, notwithsranding reasonable
measures to limit damage to the envirooment, A clear excess of
envirommental harm is harm that is long-term, manifest, and grossly
disproportionate to health benpafits that may reascnably be anticipated.
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Where the cost of remedial actions for contaminated =zoil is

unreasonably high relative to long-term beunefits and the residual
radivactive materials do noet pose-a clear sresent or future hazard. The
likelihood that buildings will be erected or that people will spend
long perioeds of time at such a site should be congidered inm evaluating
this hazard. ZRewedial actions will generally not be necessary where
residual radicactive materials have been placed semipermanently in a
location where site-specific factors limit their hazaré and from which
they are costly or difficult to remove, or where only minor quantities
of residual radiocactive materials are invelved. Examples are residual
radivactive materials under hard surface public¢ roads and sidewalks,
around publiec sewer lines, or in fence-post feoundations. Supplemental
standards shall not be applied at such sites, however, if individuals
are likely to be exposed for long pericds of time to radiation from
such materials at levels above those that would prevail in Subpart A.

Where the cost of clezonup of a contaminated building is clearly
unreasomably high relative to the benefits. TFactors that shall be
inclvuded in this Judgment are the anticipated period of occupancy, The
incremental radiation level that would be affected by remedial actions,
the residual useful lifetime of rhe building, the potential for future
construction at the site, and the applicability of less cestly remedial
methods than removal of residual radiocactive materials.

Where there dic noe known remedianl action.

GUIDELINE SQURCE

Guideline Source

Residual Contamination Criteria®/

Soil Guidelipe DOE Order 5430-&?.

40 CFR Part 192

Structure Guideline 40 CFR Part 192,

NRC Guidelines for
Decootacination of
Facilirvies and Equip~
ment Prior to Release
for uUnrestricted Use or
Taermination of Licensesg
for Byproduct, Source,
or Special Nuclear
Material (July 1982).

Control of Radlioactive Wastes and Residues

Interim Storage DOE Order S480.1A
Long~-Term Management 40 CFR Part 192



1/

— The bases of the residual cootamination guidelines are developed in
ORO-E831 and ORC-B32.

E/Based on limiting the concentration of Ra—-222 decay products teo 0.03 WL
within structures,
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