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COMPREHENSIVE RADIOLOGICAL SURVEY

OFF-~SITE PROPERTY N-NORTH
NIAGARA FALLS STORAGE SITE
LEWISTON, NEW YORK

INTRODUCTION

Bepinning in 1944, the Manhattan Engineer District and its successor,
the Atomic Energy Commission (AEC), used portions c¢f the Lake Ontario
Ordnance Works {now kmown as the Niagara Falls Storage Site (NF3$) and
associated ofif-site properties) approximately 3 km northesst of Lewiston,
New York, for storage of radivactive wastes., These wastes were primarily
residues frowm uwraglum processiug vperations; however, Lhey also included:
contaminated rubble and scrap from decommissionming activities, biological
aud wmiscellaneous wagtes frow the University of Rochester, and low-lavel
fission-product waste from contaminated-liquid evaporators at the Kmeolls
Atomic Power- Laborarory {(KAPL). Receipt of radioactive waste was
discontinued in 1954, and following cleanup activities by Hooker Chemical
Co., 515 hectares of the original 612-hectare site were declared surplus.
This property was eventually sold by the Gemeral Services Administration to

various private, commercial, and govermmental agencies.l

Modern Landfill, Inc., i1s the current owner of a tract identified as
off-site property HN-North {see Figure 1l). A 6,5-hectare tract on the
noerthwest ceorner was previously surveyed aud remedial action was performed
to remove residues. An additional 4&5-hectare sgection in the western
portion of the site has alsc been surveyed by an independent organization.
A survey 1o confirm cthe resulrs of the independent organization’s findings
and to assess the radiological starus of the remaining areas of property
N-North, csonducted in September through November 1983, is the subject of

this report,
SITE DESCRIPTION
Figure 2 is a plot plan of off-site property N-North. The property is

approximately 1220 m leng and wvaries in width from 630 m to 668 m.

Included in this area is a small (2.6 heectare) section, bounded by Track



ftreet and designated as area N'-North; this area is the subject of a
separate report, The remaining area occupies approximately 78.4 hectares.
The west boundary is 15 m (50 fr., east cf the centerlinme of Castle Garden
Road. Part of the north beundary is 15 m (5€ fr.) south of the centerline
of "D" Street. Security fences (actually on DOE property) parallel both of
these boundaries. The east portion of the northern boundary is a partially
demolished railroad track; the east boundsry is a saecurity fence. Mo
particular features delireate the scuth boundary between Modern Landfill
property and that belonging te the Department af Labor. Aside from Track
Street and South Track Streer, which form the boundary of area N'-North,
only unimproved haul roads exist on the site. Qut-of~service railroad
tracke cross the northeast corner, parallel the easters boundary, and then
turn toward the soutbwest, into the Track Street area. There are a number
of drainage ditches throughout the property and a swampy region in the

northeast cormer has been designated by the State of New York as =
"wetlands" arean.

The west porticn of the property is being used as a sanitary landfill
and countalns several capped and open disposal trenches. Cffices for the
iandfill operation are located inm a temporary building (trailer), near the
southwest corner. There are no additional structures on the property and
the arszé not invelved in landfill activitics &re heavily overgrown with

brush and trees.

Radiological History

Handling and storage of radium bearing K-65 residues occurred on the
northwestern corner of the property, particularly along '"O" Street, Castle
Garden Road, and Vine Street (this latter road no longer exists).l These
rogds and the triangular ares bounded by them were surveyed by Oak Ridge
National Laboratory (ORNL) in early 198l and elevated direct radiation
levels and Ra-226 and Cs-137 concentrations in soil were identified.?
Cleanup of this small zrea was conducted in mid-1%8l and a post remedial
setion survey was performed by Oak Ridge Associated Universities (OQRAU).3
An additional 45 hectares in the western partion of the site was surveyed

in late 198l and early 1982 by Eberline Instrument Corperation under an

™2



arrangement with the property owner. No radionuclide c¢pntamination
exceeding the guidelines was identified by this survey; however, elevated
direct radiation levels were measured it the extreme ncrthegentral portion
and in the wvicinity of Track Street.%3 These radiation levels are
apparently the resclt of residues located on the adjacent properties. The
north-central portiow Ls in close proximity to the storage tower on the
NF$S, and contamination, as a vesult of previous sc¢rap bandling operations
in the Track Street area, was noted by the 1971-72 AEC survey amd the 1980
ORNL webile scan.®:? These previous surveys did not identify poteantial

contamination on other portioms ¢f property N-North.
SURVEY PROCEDURES

The comprehensive survey of NFSS off-site property N-North was
periormed by~ fhe Radiological Hite Assessment Program of Jak Ridge
Associated Universities, during September—November 1983. The survey was in
accordance with a plan dated Mareh 18, 1983, approved by the Department of
Energy. The objective and procedures from that plan are presented in this
section.

Chiective

The objective of the survey was vo provide a comprehensive assessment
vf the radiglugical conditivus on property N=North, Radiological
information collected included:

1. direct radiztion exposure rates and surface beta-gamma dose
rates,

2. locations of contaminated surface areas,

3. concentrations of radionuclides in surface and subsurface soil,

4. concentrations of radionuclides in surface water, and

5

concentratiaons of radionuclides in sediment samples From dralnage
ditches,



Procedures

Trees, brush, and weeds were cleared, as needed, te provide
aceany for gridding and surveying. This operation was perfarmed

vy Modern Dispeosal Co. of Model City, NY, under subcontract,

The firm c¢f McIntosh and McIntosh of Lockport, NY, established a
reference grid system oo the property. A nominal 80 m grid
spacing was specified; nowever, actual zridding intervals varied
slightly in someé areas to make use of access paths previously
cleared during the Eberline survevs. Use of these paths avoided
unnecessary clearing expenses and alse minimized further damage
to trees and other vegetative ground cover. The grid system is

indicared on Fipgure 3.

Walkover surface scans were conducted over all aevessible areas
g the property. Traverses were at 5-10 m ictervals on those
areas that were relatively inaccessible and had no history of
radipactive material use. Scanning intervals were 1-2 w along
roads, the north boundary, and in other areas where direct
radiation measurements suggested possible conraminated residues.
Portable gamma NaI(Tl) scinrillation survey meters were used for
the scams. Locations pf elevated contact radiation levels were

noted.

Gamma exposure rate measurements were made ab the surface and at
1 m abowe the surface at intersections of the major grid lines.
Measurements were performed using portable gamma Nal{(Tl)
scintillation survey meters. Conversion of these measurements to
exposure Tates ip wmicrorpentgens per hour (uR/h) was in
accordance with ecross calibration with a pressurized ionization

thamber.

Beta-gamms <dose ralé measurements were porformed 1 em above che
surface at wajor grid lime fntersections. These measurements

were nonducted using thin-window (<7 mg/em?) G-M detectors and

L~



portable scaler/ratemeters. Measurements ware also obtained with
the detector shielded to evaluate contributions of nonpenetrating
beta and low-energy gamma radiations. Meter readings were
sonverted to dose rates im microrads per hour (wrad/h) based on

cross calibration wirth & thin~window ionization chamber.

Surtace (0~15 cm) soil samples of approximately 1 kg each were

collected at intersections of the major grid lines.

At locations of elevated surface radiation levels beta-gamms dose
rates at 1 cm abeve the surface and cxposure rates at 1 m abeve
the surface were also wmeasured. Surface soil samples were
obtained Ffrom these loaations and, Ffallowing sampling, the
surface exposure levels were vremeasured for comparison with

presampling . levels.

Detection Sciences Group of Carlisle, MA, performed ground-
penetrating radar surveys at proposed borebole locatiows to
assure that subsurface piping and wtilities were pot damaged
during drilling. In some rases, boreholes were relocated
slightly.

Boreholes were drilled to provide a mechanism for logging
subsurface direct radiarioan profiles and collecting subsurface
g0il and water samples. Five boreholes were drilled by Site
Engineers, ITac., of Cherry Hill, NJ, aad Earth Dimesaidns of
Aurora, NY, using truck mounted 20 co diameter hollow-stem

angere. The locations of bthese boreholes are shown on Figurae &,

Gamma radiation scans were performed in the borehcles teo identify
the locations of elevated direct radiacion levels which might
indicate subsurface residues. Radiation profiles in the
boreholes were determined by measuring gamma radiatien at
15«30 c¢cm intervals between the surface and ground water or the
hole bottom. A collimated gamma scintillation detector and

vortable scaler were used for these measurements.
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Eoi1l samples of approximately 1 kg each were collected from
various depths in the boreholes by scraping the sides of the hole
with an CRAU designed sampling tool.

10, Three water samples were collected from areas of staoding

(surface) water {see Figure 5.

1l. Three sediment gawples were oollected from ditechaes located near

the periphery and eastern gection of the property {(refer to
Figure 5).

12. Twenty spil samples and seven water satples were colleqted from
the Lewiston area {bur naot on NFSS or associated off-site
properties) to provide baseline concentratioms of radionmuclides
for cemparison purposes., Direct background radiation levels were
measured at locations where baseline soil samples were collected,
The lecgtions of the baseline samples and background measurements

are shown on Figure 6.

Sample Analyses and Interpretation of Results

S50il samples were analyzed by gamma spectrometyy, Radium-226 was the
majer radiemuelide of concern, although spectra were reviewed for U-235,
U-238, Th-232, ¢€s5-137, and other gamma emitters. Water samples ware

analvzed far gross zlpha and fross beta concentrations.

Additional informatiorn concerning amalvtizal equipwent and procedures
is in Appendix A,

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



RESULTS

Background Levels and Baseline Concentrations

Background eXposure rates and baseline radionuclide concentrations in
soil, determined for 20 locations (Figure &) in the wvicimity of the NFSS,
ar# presented in Table l-A. Exposure rates rapged from 6.5 te B.¥ uR/h
(typical levels £for this area of New York). Concentrations of
radienuclides in s0il were: BRa—-226, <0.0% tw 1.22 pGi/y (picocuries per
gram); U=-235, <0.14 to 0.46 pCifg; U~238, <2.20 to 6.26 pCi/g; Th=-232, 0.32
to 1.18 pli/gy amd Ce~137, <0.02 to 1.03 pCi/g. These cencentrations arc

typical of the radionuclide levels normally encountered in surface soils.

Radioaecrivity 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) amd <0.63 to 14.3 pCi/l, respectively.

These are typical of concentrations normally occurrimg in surface water,

Direct Radiation Levels

Direct radiation levels, measured at major grid lime iztersections,
are presented in Table . The gamma exposure Tates at 1l m above the
surface at these grid points ranged from 6 to 43 uR/h (average 9 uR/h).
Surface contact gammg epipusure rales and beta-gamma deose rates were 7 Lo
41 yR/h  (average 9 uR/h) awé 7 to 61 yrad/h  (average 21 urad/h),
recpectively. At most locationms, mcasurements poerformed with the detector
shielded averaged approximately 20% less than those with the unshielded
detector. This indicates only a small partinn of the surface dose rate is
due to nonpenetrating beta or Llow-energy photon radiations. The highest
direct radiation levels were recorded in the north-cencral portion of the
property and were due to the proximity of the stored K-65 residues on the
adjacent DOF property. Figure 7 shows the 20, 30, and 40 uR/h isopleths on
the R-Norch site,

The walkover survey identified a few isolated spets of elevated

contact radiation levels. These lecations are indizated on Figure & and



associated radiation levels are presented in Table 3. Surface contact
gamma exposure rates ranged from 13-200 :R/h; the maximum was measured af
zrid point 664N, $8DE. Exposure rates at 1 m above the suzface ranged from
9 to 17 wuR/h. 3Beta-gamma dose rates ranged from 43-79,000 ursd/h. The
maximum dose rate was also recorded at grid coordinate 664N, 980E. Contact
exposure and beta-gamma dose rates were reduced by soil sampling at many of
these locatious; this jindicaces chat mesr of the contamimation is in small,

discrete pieces of material rather than diffused throughout a larger area

of soil.

The walkover surfare gcan also identified twe additional areas of
generally elevated radiation levels. Readings along the length of the
railroad track at the northeastern boundary and alemg a drainage diteh
(grid location 4&90~520N, 9B0~1060E) averaged 12 to 14 RwR/h ~ slightly
higher than batkground-for the area.

Radionueclide Copeentrations in Surface Soil

Table 4 lists the concentrations of radionuclides measured in surface
soil from intersections of the major grid limes. These samples contained
Ra-226 concentrations ramging from 0.3% to 7.23 pCi/g. The hizhest level
was iz the sample collected along a railroad track at grid point 668,
106C%, This sample was primarily rock ballast and also contained a U-238
level comparable te the Ra-226 comcentyzation. A [ew additiomal samples
contained Ra~226 concentrations exceeding those in the baseline soil, but
none exceeded 5 pCi/g above the baseline level. Several samples also
contained slightly elevated U-238 and Th-231 concentrations; the highest
levels measured were 7.48 pCifg of U~238 and 1.88 pCi/g of Th-232. Laevels
of U~235 and Cs-137 were not significantly different from those in baseline
samples. No other pgamma exitting radionuclides were noted in

concentrations exceeding those normally sresent in surface soil.

Radicnuclide copncentrations in samples from locations of elevated
contact radiation levels are presented in Table 3. Concentrations of
Ra-226 in these samples ranged from <1.75 to 210 pCi/g; the maximum

concentration was measured in s rtock (sample BLl) colleeted at grid point



30N, 1JGE. Sampie B4 was a plece of yellowcake and centained 21,000 pCi/g
of U-238. Although sampling at this locatiom removed visible
coentamination, the contact exposure rate of 70 R/h recorded after sampling

indicates that small pleces of residue still remain.

Borehole Gamma-Logging Messurements

The results of gamma scintillation measurements in boreholes indicate
no subsuvrface contamination. Based on previous subsurface investigations
gamma  count rates deterzined by the borehole measurements are reliable
indicators of elevated subsurface radionuclide levels. However, the gamma
logging data was not useful in quantifying radionuclide coucentrations in
the subsurface soil, because of the varying ratios of Ra-226, U-235, U-238,
Th~232, and Cs-137 occurring in soils from this site.

Radivnuelide Concentrations in Borehole S0il Samples

Table & presents the radicnuclide coneentrations measured in soil
samples from boreholes. The five boreholes (H1-H5), located to provide a
representative coverage of tha  property, contained radionuclide
coucentrations in the ranges of baseline samples. Inaccessibility of
portions of this property precluded additional systematic boreheles. The
effectiveness of surface sampling in removing the source of elevated
contact radiation levels indicated that subsurface investigations at these
locations were not warrented.

Radisnuclide Comcentrations in Water

Samples W1-W3 from areas of standing water on property N~North (refer
to Table 7) contained gross alpha concentratioms ranging from 2.37 to
7.16 pCi/l. Gross beta concentrations ranged from 6.00 to 7.33 pCi/l. The

gross alpha Ievels are higher than the baseline range but within EPA
Interim Drinking Water limrts of 15 pCi/l; the gress beta levels are withan

the range of baseline comcentraticns.



Radionuclide Concentrations in Jrainape Direh Sediments

Concentrations inm sediment samples, collected from drainage ditches,
are presented in Table 8. Samples SD! and 5D3 contained Ra-226 and Cs-137
concensrations above baseline levels. Sample 5D3 also contained 62.6 pCifg
of U-238 - well above the baseline concentration. Levels were, howaver,

within zleanup guidalines established for formerly utilized airen.
COMPARISON OF SURVEY RESULTS WITH GUIDELINES

The guidelines applicable to cleanup of off-site properties at the
Niagara Falls Storage Site are presented in Appendix B, Radiation levels
and radiouuclide concentratioms, at small, isoleted spots of surface or

near-surface contamination, exceed these guideline values.

The exposure rates 1n  contacrt with isolated areas of surface
contamination do not exceed the guideline of 60 uR/h for open land areas
accessible by the gemeral publie, with the exception of grid locaticn 664N,
380E where a contact exposure rate of 70 yR/h remaioed after sample
collection. Average exposﬁre rates at 1 m above the surface (9 R/h) are
well withiz the 60 uR/h guideline. Higher gammg radiation levels iz the
nerth-central portion of the property are the resvlt of residues on the
adjacent DUOE property. Elevated levels along the railroad tracks are

probably due to the natural radionuelide somcentystions in the ballast.

Areas of surface contamination, identified by the walkover scan,
contained Ra-226 concentrations in excess of 5 pCi/g; two of the samples
also contained U-238 comcentrations above the 150 pCi/g criterion. These
areas are summarized im Table 9 and indicated on Figure 9. Sample BA
(664N, 980E) comsisted mainly of yelleowcake {21,000 pCi/g), most of which
was temoved by sample collection. Most of these areas of conramination
were gsmail and isolated, and concentratious would be below the guidelines,
when averaged over an area of 100 m?, Borehole measurements and samples
did not identify subsurface levels differing from those in baseline

samples.



Surface waler contained radiontclide concentrations below the EPFA

limits of 15 pCi/l, gross alpha and 350 pCi/l, gross beta.

Radionuelide concentrations in sediment samples from drainage ditches

were well within the c¢leanup guidelines established for formerly utilized

sltes.
SUMMARY

A couprehensive survey of off-site property N-North ar the Niagara
Falls Storage &ite was conducted during September-November 1983, A porticn
of the property in the northwest corner is an active landfill and was
inasccessible for surveying. This area, however, had been previously
surveyed. The Track Street area (Property N -North} will be discussed in a
separate report. The survey included surface radiation scansg, measurements
of direct radiation levels, and analyses foy pradionuelide concentratioms in
50il samples, both surface and subsurface, ané in surface water samples.
Analyses of sediment samples, collected at Ethree Jocations, were also
performed, Ground-penetrating radar was used to identify subsurface

utilities which might preclude borehole drilling.

The rxesults of the survay indicate a few, small, iselated aveas of
elevated direct radiaticn and surface soil contamination. Elevated pgamma
radiation levels are present primarily in the north~central portion of the
property in close proximity to the K-65 storage tower. The major soil
contaminants are Ra-226 and U=-238. Sampling removed most of the
contamination; remaining contamination would meet cleanup criteria when

averaged over an area of 100 m?,

Gross alpha and beta levels from surface water were within EPA
guldelines, Mo subsurface contawination was identified through borebele

mezsurements and sampling.
Although the contaminated residues and elevated direct radiation

levels are present on small portions of this proverty, the contaminants do

not pose potential health risks to the public er site workers.
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TARLE 1-A

BACKGROUND EXPOSURE RATES

AND

RADTONUCLIDE CONCENTRATUONS IN BASELINE SOIL SAMPLES

(pCife}

Location & Exposure Hateb Radionuclide Concentrations (pCifgy

{uRfh) Ra-226 U-23%5 U~238 Th~237 Cs-127
1 6.8 0,74 + 9,16¢ <0.1% <2.89 C.70 + 0.46 0.29 + 0.08
Z 6.5 0.75 + 0.19 <0.19 <3.35 .84 + 0.24 0.24 « 0,08
3 5.3 0.71 + 0.18 0.46 + 0.41 <3.72 0.88 + 0,33 0.34 + 0,09
4 7.9 0.67 + 0.18 <0.22 <4.10 1.18 + 0,35 0.12 + 0.07
3 7.3 0.70 + 0.16 <0.17 .34 0.68 + 0.24 0.14 + 0.07
6 7.7 0,50 + 0,15 <0.16 €2.33 0.52 + 0,38 0.17 + 0.09
? 7.7 0.63 + 0.13 0,17 <2.73 0,83 + §4.24 0.35 + 0.08

8 1.6 0.59 + 0,12 <D0.14% <2.20 0.54 + 9.23 <0.02
9 7.1 0.63 + 0.20 <0.23 <4.16 0.83 + 0.38 0.69 + 0.11
10 7.1 0.70 £ 0.16 <0.19 <2.98 .59 + 0.25 0.69 £ 0.10
11 6.7 <0.09 <0.1% <2.83 0.49 + 0.3 0.48 + 0.14
12 7.1 0.48 % 0.13 <0.16 <2.84 0.65 + 0,26 0.68 £ 0.10
13 6.7 0.57 » 0,14 0.7 <2.36 0.49 + 0,26 D.41 + 0,08
14 6.8 0.68 * 0.17 <0.19 3,24 Q.67 + 0,25 0.70 + D10
15 8.2 0.65 + 0.14 <0,17 <3,20 0.72 4+ 0,35 0.23 + 0.08
14 Tah 0.1 ¢ D.2T <0.71 <3.50 0.83 1 G.28 0.61 t+ .09
17 7.0 0.46 + 0.14 <0.16 <1.73 Jd.32 + 0.22 §.38 + 0.08
L8 7.7 0.73 + 0,16 <0.18 6.26 + 9,23 1.01 + 0.44 0.32 + 0,12
19 8.6 L.22 +» 9,22 <B.23 <3.79 1.08 + 0,49 1.05 + .13
20 B.6 0.83 + 0.17 <0.21 <31.59 0.84 + 0.29 0.08 + 0.07
Range 6.8 to B.B <0.09 to 1.22 <0.14 to 0.46  <2.20 to 6.26 0.32 to 1.18 <0.02 to :.05

8 pefer to Figure 6.
b yeasured at 1 w above the surface.
€ Frrorg are 20 bhased on counting statietica.



TABLE i-5h

RADIONUCLIDE CONCENTRATIONS IN BASELINE WATER SAMFLES

Location® Radionuclide Corcentrations (pCi/l)}
Gross Alpha Gross Beta

Wl 0.95 + 0.93 P 4.79 + 1.15
W2 0.95 + 0.94 9.17 + 1,31
W3 0.55 + 0.78 2.73 + 1.05
Wee 0.63 = 0.89 2.37 * 1.17
W3 0.73 £+ 0.68 <0.64
I\[ 1.87 + 1.84 14,3 * 2.4
Wy l.16 + D.66 <.63
Range £.55 to 1.87 <0.62 to 14.3

-

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



TABLE 2

JIRECT RADIATION LEVELS
MEASURED AT INTERSECTIONS QF THE

MAJOR GRID LINES

Grid Gamua Exposure Gamma Exposure Beta—-Gamma Doge
Locatieon Rates at 1 m Above Rates at the Katres at 1 con Above
N E tha Surface Surface the Surface

(uR/h) (uwR/h) {urad/h)

0 100 ) 7 iy
2 180 7 7 23
T 6 7 34
0 360 & 7 30
0 &z0 [ 7 16
0 480 7 7 29
a0 572 8 8 14
0 665 9 10 19
0 725 118 124 354
0 820 74 78 a3
0 900 8 9 39
0 980 8 ] 19
G 1060 B 8 19
0 1140 7 7 7
Q 1240 B 8 25
BD 100 7 8 18
20 180 7 7 20
80 250 7 8 27
B0 360 7 7 16
BO 420 7 7 20
BO 480 7 8 21
80 3572 8 8 35
B0 665 9 9 32
80 725 9 9 18
80 820 g2 ga ga
80 900 11# 104 394
80 980 B 3 i3]
B0 1080 8 8 a2
80 1140 7 7 1o
80 1240 7 g 17

160 100 7 7 9
L&D iac (+] 8 38
160 260 b b b
160 360 & 7 29
160 420 7 7 7
160 480 7 7 a0
160 572 9 9 26
160 6/5 9 9 13
a0 725 8 9 2



TABLE 2, cont.

DIRECT RADIATION LEVELS
MEASURED AT INTERSECTIONS OF THE
MAZOR GRID LINES&

Grid Gamma Exposure Gauma Exposure Beta—-Gamma Dose
Location Rates at [ m Above Rates at the Raceés ar 1 o@m Ahove
N E the Surface Surface the Surface

(uR/M) (uR/E) (nrad/h)
160 820 9 9 26
160 910 10 10 23
160 973 g2 ga ga
160 1600 102 icd 362
160 1060 ga ga 284
160 1140 7 8 19
160 1240 7 8 8
240 100 ) b b
240 180 7 7 7
240 260 b b ':a
240 360 7 B 2%
240 420 7 7 18
240 480 7 7 18
240 572 9 9 11
240 6KS 9 9 20
240 72% 8 9 9
240 820 9 9 as
260 910 9 9 25
240 970 7 8 9
240 1000 8 8§ 10
240 1060 8 8 30
240 1140 0 10 43
240 1240 7 7 24
320 100 b b b
320 180 7 7 18
32C 260 b b |
32C 340 b b !
320 420 b b >
320 480 7 8 14
320 572 10 i0 21
320 663 4 9 13
320 V2s 9 9 26
320 820 9 9 29
320 4919 9 M| 24
320 970 8 8 14
320 1000 8 8 15
320 1060 8 8 12
320 1140 8 8 19
320 1240 9 9 16

| 3

i~



TABLE 2, cont.

DIRECT RADIATION LEVELS
MEASURED AT INTERSECTIONS OF THE
MAJOR GRID LINES

Grid Gamma Exposure Gamma Exposure Beta=Gamma Doge
Locarlon Raley ol 1 w Above Rates at Lhe Rates at 1 om Above
N E the Surface Surface the Surface

(W R/h} (uR/ M) (.rad/n)
400 109 b o b
&00 0 IRG h b b
400 260 b b b
400 340 b b b
400 420 | b b
400 480 8 7 5
400 572 1] 11 21
400 665 ic 10 11
400 725 9 10 2h
400 820 S 10 21
423 820 10 19 20
423 910 ) 15 17
400 97¢C 8 3 45
400 1000 8 B 8
400 106C 8 8 12
400 114C 8 8 27
400 1240 b b b
480 120 b b b
4BO 18D b b b
480 260 b b b
480 349 b b b
480 420 sb b b
480 500 b b b
480 572 14 14 54
480 665 13 13 20
480 725 11 12 12
480 B20 1] 12 14
480 900 9 9 13
480 1000 8 8 17
48C 1060 8 g 17
480 1140 8 8 L4
4BO 1240 b b b
5360 100 b b o
560 18C b b E
560 260 b v} b
360 340 b b b
560 420 b b b
360 500 b b b
560 572 20 17 50
560 665 17 19 39



TABLE 2, cont.

DIRECT RADTATION LEVELS
MEASURED AT INTERSECTIONS OF TEE
MAJCR GRILC LINES

Grid Gamma Exposure Gamma Exposure Beta—-Gamma Dosze
Location Rates at 1 m Above Rates at the Rates ot 1 am Above
N E the Surface Surface the Surface
(uR/h) {(uR/h) (urad/h)
560 725 14 14 25
560 820 12 13 29
56C 900 9 9 13
560 1000 7 B 17
56C 1060 8 8 253
56C 1140 8 8 28
360 1240 b b b
635 100 b b b
633 184 b b b
£35 260 b ¥ b
635 340 b b b
635 420 b b b
635 500 b b b
535 E72 43 41 50
635 660 30 29 29
B35 745 20 20 39
640 820 14 14 18
G40 900 12 12 29
640 1000 8 8 19
640 1060 a 9 28
640 1140 8 g 15
B40 1240 b b ks
668 745 b b [}
668 8§20 16 16 6l
668 900 b >
668 1000 9 3 33
668 1060 19 19 12
668 1140 g 9 19
668 124C b b h

4 arid painr is on ¥'=North propertv.
Measurement not performed due to presence of active landfill, surface water
or other obstruetisn.



TABLE 3

DIRECT RADIATION LEVELS AT LOCATIONS
I[DENTIFIED BY THE WALKOVER SURFACE SCAN

Grid Location __ Exposure Rate (WR/h) ~ Surface Dose Rate Sample Contact Exposure RaLe
TN E Contact 1 m Above Surface (urad/h) Identificationt After Sample Removal
(uRfh)

k2] 156 27 12 960 BL 9

250 101 36 14 80 B2 36

259 107 15 14 61 -— -

260 100 26 13 41 —— -—

56 1060 13 9 S0 B3 13

664 9HO 200 17 79,000 B4 H

4 Refer Lo Figure 8.
Radionuclide analyswes arte presented in Table 5.
¢ Dash indicates meazsurement or sampling not performed.



TABLE 4

RADTONUCLIDE CONCENTRATIOHS IN SURFACE 50!T. SAMPLES
COLLECTED AT INTERSECTIONS OF THE MAJOR GRID LINES

Grid Locats Radianuclide Concentralions (pCifg)

" F T n-ME T Cs-137 T TIR-232
0 100 1.03 £ D402 <0.72 149 3 L3} <0.04 0.76 + 0.38
0 180 n.KY 4 079 w.z) <0, 87 0L s 0.04 1.3 & 0.43
D 250 0.73 + 0,28 0.4% ¢ 0.38 0.8} 2 D.83 0,62 3 0.1 .85 3 0,29
0 380 0.8 + B.31 0.2 230 0« 1rB ! <0, Q& .12 4 0.62
[} 0.98 0,25 3% <112 <, G 122 3 0.5
[N 7] 0.68 + 4.14 <0.26 1oad + )62 0.2 » 0.1} 1.35 2 0044
b 9z 0.69 + 0,10 <0. 2} .14+ 2,32 0.17 % 0.14 1.11 % 0,53
0 665 0.8 ¢+ 0.24 <0.1% 1.45 + 0.62 0.20 1 0.1 .88 » 0.40
0 723 b b b b b
o 8w b b b [ b
¢ 900 D.B5 1 0,35 <0.34 3.02 4 210 D.25 + 0.13 0.8} 1 D.%
o 980 1.34 & 0.16 <04k 2.38 & .66 0.}3 & 0.18 1.35 4 0.5
0 1060 0.58 + 0,26 <0.18 1.08 + 0,85 0.20 » 0,0% 1.00 + 0.31
0140 .60 + 0,30 ), 28 3.58 + 1.1 0.1 » 0.0% 1.22 + 0.51
0 1240 .70 » 0.21 .16 1.70 + 0.98 .25 + 0,09 6.56 + 0.24

B 100 2.9 +0.3) 0.1t . A% <0.05 1.49 4+ 1.00

8¢ 160 1.09 & 0.36 <0.21 V.1h o 1.47 016 4 0.08 0.77 » 0.34

80 350 0.58 1+ 0.48 <0,3% 1.38 1+ L.19 0.07 1 0.09 1.56 + 0.5]

A &0 133 2 0,30 gL 0, 80 0.0% + 0,07 0.35 + 0.53

B 4ED 1.00 4 6.29 .30 .06 ¢ 138 1.28 » 0.18 1.ur o 04y

B0 52 0.8 1 0,45 .23 [N o8 0.3 0.1 3 0,55

B pbS 1.13 + 0,01 <0, 36 <1.18 036 ¢ 0.3 114 2 B4

80 723 U.HS + 0.3% <0.13 113 2,91 [N N T 0.53 1 B.AY

- E I )] b b b b b

& 9o b b b b b

B §& 0.594 3 0,36 .17 1,57 ¢ 2.6 0.8 4 018 1.07 2 0.5
W lUby 0.8 2 0o A1 Pl ) T3 x 1.00 OB+ DL D.EE s D20

8 1140 .66 + 0.45 W, 25 169 2 .68 0.5% + 0.)2 1.0D s 0,32

B 1340 .58 + 0.23 W, 22 <BLbS 0.66 » 0.31 1.03 + 0.31

180 10D 0.83 2 0.33 .19 1.34 ¢ 1.3% 0.0 0B 4 0.3
1eu 180 068 030 <. 223 1.7 » 1.7 =003 LT L T
160 250 6.8l 2 0.4 <0.19 1.76 + 1.60 <0.04 0.85 * 0.27
160 360 0.55 & 0.29 <0.22 2.81 x| .47 0.3 + 0.09 051 + B.23
180 420 0.75 ¢+ 0.30 <0.23 <0. 14 0.70 & 0.16 0.9) + 0.4]
160 &80 0.% + 0.39 Q.50 ¢« 0.67 .24+ 1,77 0.68 3 0,16 1.0 + 0.4
160 512 0.81 + 0.30 0.44 + 0.6 1,28 + 1,65 .40 ¢ 015 1.25 » 0.50
160 665 0.73 = 0.31 <0.20 2.05 + 1.63 0.33 + D13 0.69 + 0.1}
160 725 G.7B & ©.24 <0.18 1.8% 5 0.60 0.37 + 0.14 0.73 » 0.43
1374 B B3 2 0.5 “9.35% .40 2 213 0.8 2 014 LINR I I (R 1]
150 90 0.46 + 0.2} .16 <36 0.67 3 0.4 1.0% + 0.33
150 9ED b b b b b



TABLE &, cont.

RADIONUCLIDE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT INTERSECTIONS OF THE MAJGR GRID LINES

Grid Locarion . o Sagionus -

Badionuclide Comceutratione (pCifg)

NoE Ra-276 u-735 U-118 0 Ca-137 Th-232
160 1060 b b b b b

160 MLGD 0.35 + 0.29 .14 2,91 +1.80 0.37 + 0.09 1.30 + 0.42
160 §240 <0.139 .13 2.51 % 1.18 1.14 5 0.15 0.18 + 0.33
0 J00 0.65 + 0.18% s 0.5 + 0.36 <0.03 0.58 1 6.19
#0680 0.% ¢ 0.79 .11 1.40 £ 1.32 0.11 + 0.06 0.64 1 0.4b
wo 250 0.8 + 0.24 .10 1.10 + 1.48 0.17 + 0.08 0.67 + 0.34
10 340 1.49 3 0.29 W, 24 3,91 £ 1.79 0.72 ¢ 0.12 1.05 + 0.5
MmO 420 0.1% & 0.3) .29 1.76 3 1.0% 0.6 3 0.12 1.13 3 0.37
10 480 0.88 ¥ 0.29 .19 2.16 ¥ 0.74 0.48 ¥ 0.10 126 3 0.38
no 52 076 < 0.3 W@.22 7,60 ¢ L.06 0.62 % 0.14 0.8 v 048
0 GG5 0.% + 0.40 o.2¢ + 00 13 ¥ L.k G461 8 0.2 1.07 + 0.38
S TE) 1.25% » 0.30 W35 1t v )61 0.58 3 .17 1.57 3 0.55
240 &2 0.5 3 0.2 URY] 1,84 » 0.62 0.06 % D09 0.6% % 0.3M
150 I 0.48 & D35 .26 <, 82 065 3 0.15 047 ¥ 0.1
10 970 0.76 % 0.10 .26 1.32 + 1.30 0.51 3 0.15 0.52 + 0.82
250 1060 0.8% 1+ 0.29 .11 L.48 3 145 0.30 3 0.11 1.14 % 041
40 1140 1.60 1 0.34 .11 1.07 + 0.62 0.6 2 0.12 1.1 1 0,34
0 1240 1.27 ¢ 0.76 <0.28 4,20 3 1,35 1.01 3 0.17 G.90 + 0.38
T80 100 1.65 + 0,32 <0_31 2.H) » 1.02 <.05% 1.46 + 0,52
18 L&D 1111 0.26 0.42 + 0.27 0.99 1 1.46 0.04 0.66 ¢ 0.27
0 230 0.73 + 030 <013 1.83 s 1.0 0.26 + 0.11 108 & 0.37
180 160 0.91 1 0.25 0.32 4 0.78 0.79 1 1.B4 0.68 3 0.12 0.70 3 0.41
160 420 1.25 3 0.30 <0213 148 % 1,59 0.30  0.12 .56 + 0.77
10 4ED 0.74 & 0.25 <0.18 <0 46 0.67 1 0.12 0.83 + 0.29
10 53 0.95 + 0.21 <0.12 2.08 3 0.M 0.45 1 0.10 0.98 + 0.79
20 665 1.0% 1 0.26 0.43 & 0.70 3.3831.% 0.52 + 0.12 1.4% & 0.45
Jier fad Dela & 0.2 SO EN bolsd 2 EoEL LUME F B R 112 ¢ 0,33
SET P 0.6 3 0,13 0.71 1 0.58 6.37 + 1.76 0.6% 3 0.16 1.34 2 .41
90 0.64 3 0,20 <0018 1.0] % 0.6 0.50 s 0.1% 0.8 1 0.30
a0 oro 0.1 5 0.20 <0.2% 1.5 + 2.68 6.5 5 0.13 0.8 1 0.19
30 1oa0 0.8 3 0. 26 0.3 .20 + 1,89 W3y 4 0.1y oy o+ 0y
10 1140 0.33 3 0.2 0.1 1,185 % 0.68 0.67 3 0.13 1.8 3 0.57
10 E2 0.1% 3 0.6 044 3 0,35 1.80 ¢ D.66 0.27 + 0.0¢ 0.93 ¥ ¢.50
400 480 1.09 1 0.34 <0.78 1.55 ¢ 2.79 0.6 & 0.6 0.68 1 0.9
s00 a3 0.608 v 0. 14 wo.2v L.oo & 2.2 0.78 % 0.1y 1.3 4 v
W0 63 0.68 + 0.25 .37 2.19 % 1.7 0.10 3 0.14 1,78 5 .60
400 72% 0.63 3 0.25 <.l 1,78 3 1.61 0.28 3 0.71 6.95 1 039
40D 6820 0.85 1 0,34 <020 1.95 & .95 0.33 v 0.42 6.95 3 0.19
400 sLo .09 7 0.29 .20 Lo + 1. 0o 0.6 0.0 U. 83 ¢ L. 54
400 520 0.80 + 0.3 <0.175 1.4l + 1,96 0.60 3 0.13 NIRRT



TABLE &, contl.

RADIONUCLINE CONCENTRATIONS IN SURFACE SOIL SAMPLES
COLLECTED AT INTERSECTIONS OF THE MAJOR GRID LTRLES

Grid Locations _ Radivnuclide Cuncentrations (pCifgl

[ E Ra-226 TR T o (3TN i [T 7 R {5 ¥
400 1060 0.7 =+ 4.18 <0.19% 2.67 ¢ 1.55 0.30 » 0.08 1.12 + 036
400 1140 0.65 + 0.24 <0.18 1.37 £ 1.8 0.51 = 0.12 062 + 036
400 1220 c € < c c
450 480 0.88 x 0.30 .21 <0.69 ‘ 0.08 2 0.07 0.6 ¢ 0.26
4EO a1z 1.00 &+ 0.31 .18 2.9% + 31.08 0.34 2 0.12 1.27 + ©.47
480 h65 1.2 « 0.3 .38 5.5 + 1.70 <0.08 0.39 + 0.64
Wi 725 1,01 & 0.3% L. 26 365 ¢ 1.4l LU W R 9 ] U, ra 4 uny
£1:) BIQ 1.31 + £.38 <39 €.80 + 2.8 .65 + 0.14 1.50 + 066
460 Elili] ULB x 0.23 A 0.9 + 0.5 0.61 & 0.1 0o+ D32
4B 980 1.08 « 0.38 <0.28 2.9% 1+ 2.31 0.74 0,29 1.13 + 062
Y T AT [ BUTRr S 1] VTR LYz V.59 X 0.1 I YR
GBI 114D 0.3 3 0.3% 1.06 ¥ D.68 1.5% ¢ 2.03 0.73 ¢ 0.0% U.78 + 0.43
4B0 1220 < I3 < ¢ [
560 4EQ 0.8 3 0.0 .22 0.73 + 2,03 <0.0% 0.90 + 0.98
St TR 0.6+ 0,71 <0.22 1.28 3 .50 U084 8.82 3 B.LE
0 665 1.0 + 0.4% <0.78 3.15 4 1.8% G.36 + 0.)9 0.93 + D.5%
G0 125 0.B8 + 8.23 <0.14 4,088 ¢ 1.3 0.72 = 0.10 1.47 + 0.44
5600 B20 0.8 + 0.28 <0.18 2,58 + 1.54 0.54 1 0.6 0.8% + 0.4
%0 400 0.8B + 0.26 0.99 1 0.38 1.5% & 2.50 0.64 1 0.19 1.13 + D46
800 980 0.59 + 0.71 <0.28 1.9%9 + 2.12 0.74 1 0.18 0.89 + 0.36
%0 1060 1.3% + 0.33 <0.37 4.81 3 2.27 £.59 1 0.11 118 + 0,72
%0 1140 0.85 + 0.28 <0.20 2.61 + 0.B4 0.98 & 0.17 0,97 + 033
%0 1220 L4 c c < c
435  4BD 1.00 + 033 <0.1] <1.07 0.18 + 0.09 1.63 + D42
613 52 0.76 » 0.23 <07 0.63 + 1.08 <0.04 0.8 + 0.40
615 665 1.16 + 0,53 <0.29 1.66 & ).20 <0.06 1.0} + 0.69
635 72% 0.EB 1 0.19 <0.12 <072 0.06 2 0.11 D_G6 a2 037
B40 820 O.HE 3 0.25% <0.28 1.51 » 0 .17 0.14 s 018 .85 + DB
40 508 4.63 + 0.23 <9 .36 3.93 s |.40 0.5 + 0.1 1,23 1 0.43
4G 58D 0.79 » 0.2] <020 .04 » 1.3 0,82 2 0.3 068 1 0.46
B0 L0ED 0.84 + 0.39 “0.21 .29 2 L RS AR e DY [T I - T
G40 114D 0.8 » 0.3 <037 1.50 & 2,00 <0.07 0.15F + 042
G4l 1220 © © [ 3 [4
b8 G200 1.36 3 0,2% <0.31 3,39 12 L.15 0.06 + 0.05 1.69 + 0.49
TS BT S 9L s 093 <. 53 515 &+ % A8 0.1+ 0 M 1LRR 3 0 R?
b8 1050 i.21 2 14 .66 6,63 ¢ 334 0.27 + 030 €0.52
668 BE40 1.05 & 0.29 .11 4,14 ¢ 0,94 0,96 1 019 0,99 + 0,34
[ < < Iy Ls

L12- I i)

4 Errors are 20 based on counting statistics.

b Grid point location is on property N -Horth; sample results are included in Lhe
report on that property.

€ Ho sample collected due to presence of surface water or other obstruction.
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TABLE 5

RADIONUCLIDE COHMCENTRATIONS LN SURFACE SAMPLES

FROM LOCATIONS IDENWTIFIED BY THE WALKOVER SCAN

Sample Sample Grid Locatign® i ... . Ragdionuclide Concentratjons (ptifgib o .

Mo. 4y e 7O ka 226 U 235 v 118 Cs- 137 Th-232

.} Rock 10 1% 210 ¥ L4E 40.1 1 14.2 540 + 32 <100 6.1 el
n Sail a0 10l 9.8 & 1.9 )00 146 2 4.3b <Q. 16 L5

ri 5011 516 D60 2.7 &+ D76 LI 3 S 11 526 ¢ 5.5 1.76 + 0.33 0.0 4 072
bk Boil LEh 9ED <175 10 Pk 21,000 Y 40,70 <1.80

{yelloveake)

A Refer to Figure 8.
b Refer to Table 3 for direct radiation levels.
¢ Errors are 20 based on counting statistics.
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TABLE 6

RADIONUCLIDE CONCENTRATIONS IN BOREHOLE SOIL SAMPLES

Borehele Grid Location  Depth Radionuclide Concentrations (pLifg)
E

Np,? N {m) “Ra-276 TTu-235 U-238 Ce-137 T The23d

Hl I} 10 Surface 0.72 + 0.24b <p.19 to<D.6b <D.04 0.94 + 0,39
0.5 1.0% + 0.44 <9.33 0.% + 2.82 0.08 + 0.10 1.20 1 0.37
2 1.08 1 0.42 <p.21 1.11 + 1.46 <0.04 0.82 + 0.46
H2 1 480 Surface 1.15 + 0.33 <0.28 1.15 + 2.35 0.37 + 0.16 1.47 + 0.45
0.5 1.08 1 0.41 <p.31 <.99 <0.06 1.27 + 0.8
1 1.22 + 0,31 <0.36 <1.10 0.16 + 0.09 0.88 + D.34
H3 240 107 Surface 1.23 + 0.121 <p.21 1.64 + 0.49 0.10 + 0.08 0.73 + 0.1
0.5 £.23 + 0.36 <p.26 1.57 + 1.60 <0.06 0.97 + 0,54
1 1.02 + 0.25 0.24 1.57 + 1,87 <0.03 1.40 1 0O_40
b4 £.62 1 0,28 <D.44 2.9 + 2,12 <0.06 1.73 + 0,50
4 280 520 Surface 1.01 « 0.28 <0.LD 3.33 + 1.09 0.37 + D.14 L.&% + 0,40
0.5 0.63 + 0,19 0.24 £ 0,53 1.64 + 1,19 <. 023 0.91 + 0.4]
1 1.00 + 0,25 <40 <1.22 <005 1.52 + ©.53
"5 180 1082 Surface G.59 + 0,22 <03 <@.31 1.33 +# 0,18 G.727 + 0.31
0.5 0.71 + 0,31 <0.20 1.41 + 1.76 <0.03 0.82 + 0.35
1 0.89 + 0.21 <p.2z1 2.05 + 1.46 <0.03 0.84 & 0.29
p; 0.97 + 0.25 <0.29 0.34 + 1,68 <0.03 1.04 + ¢.28

4 Refer to Figure 4.
Errors are 20 based on counting statistics.
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Sample

TABLE 7

RADIONUCLIDE CONCENTRATIONS IN WATER SAMPLES

Sample

Grid Lecation

Radionuclid

ide Concentrations (pCifl)
Nu. Type N E Gross Alpha Grosgs Beta
Wi Surfaced 18 100 6.34 + 1,655 6,37 +1.35
Wa Surface? 288 360 7.16 +1.98 7.33 2+ 1,63
Wi Surfaced 0 1057 2.37 1+ 1.30 6.00 + 1.58

a8 Refer to Figure 5,
Errors are 20 based on

counting statistics.



TABLE 8

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES
FROM DRAINAGE DITCHES

Kadionuclide Goncentrations (ptifg)

Bample Grig Locatione e ati e
No. TN E Ra~226 U-2135 n-238 Cs-137 Th-232
sbl 288 360 1.9 + 0.44b <0.37 3.37 £ 2.8 2,36 3 0,31 1.42 + 0,71
502 0 1057 0,95 + 0.28 <0.23 £3.81 0.26 + 0,08 1.58 + 0.45
SD3 516 L1060 2.73 £+ 0.76  3.71 +1.50 62,6 + 5.5 1.78 + 0.33 0.70 + 0.72

a4 Refer to Figure 5.
b Errors are 20 based on counting statistics.
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TABLE §

LISTING OF AREAS ON PROPERTY H-NORTH WHICH
EXCEED RESIDUAL CONTAMINATION CRITERIA

3

Grid Locationd Radionuclidest Estimated Quantities of Material Exceeding Guidelines Remarks
H E Area {m?) Depth {m) Yolume {m?)
250 101 Ra-226, U-2138 -— ——— <1 Small isolated areas
259 107 Ra-226, U~238 ——— - <} or imdividual pieces
360 100 Ra~226. U-238 e ——— <l of contaminated
664 980 U-238 —— - <l material.

2 Refer to Figure 9.
Radionuclide identification is based on a combination of sample analyses, direcl
radiation levels, location, distribution, and physical characteristics.
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APPENDIX A

Instrumentation and Anaivtical Pracedures

Gamma Scintillation Measuremen:s

Walkover surface scans and measurements of gamma exposure rates were
performed using Eberlime Model PRM-£ portable ratemeters with Victercen
Model 489-55 gamma scintillation probes containing 3.2 e¢m x 3.8 cm Nal(Tl)
scintillation ecrystals. Count rares were converted to exposurs rares
{uR/h) usinmg Ffactors determinmed by comparing the response of the
seintillation detector with that of a Reuter Stokes model RS5-111
pressurized ionization chamber at locations om the Niagara Falls Storage

Site and off-site properties.

Bata«-Gamma Dose Rate Measurements

Mgasurements were performed using FEberline "Rascal," Model PRE-1,
portable segler/ratemeters with Model HP-260 thin-window, pancake G-M, beta
probes. Dose rates (urad/h) were determined by comparisen of the response
of a Victoreen Model 440 ionization chamber survey meter te that of the G-M

probes.

Borehole Lopgping

Borehole gamma radiation measurements were performed using a Victoreen
Model 489-55 gamma scintillation probe, connected to a Ludlum Model 2200
portable scaler. The scintillation probe was shielded by a 1.25 em thick
lead shield with four 2.5 cm x 7 mm holes evenly spaced around the region
of the scintillation crystal, The probe was lowered into each hole using a
tripod holder with 4 small winch. Measurements were performed at 15-30 cm
intervals in zll heles. The logging data was used to identify regioms of
possible residues and guide the selection of subsurface soil sampling
lecations. Due to the varyiag ratios of Ra=-226, U-235, U-238, Th-232, and
Cs-137, there was no attempt to estimate soil radionuclide concentrations

directly from the logging results.

A-1



Spil ard Sediment Sample Analysis

Gamma Spectrometry

Scil and sediment samples were éried, mixed, and a portion placed in a
0.5 1 Marinelli beaker. The quantity placed in each beaker was chosen to
teproduce the calibrated counting geometry and ranged from 4600 to 800 p of
goil. Net soil weights were determined andéd the samples counted using
intrinsic germanium and CGe{li) dectcctors coupled te a Nuclear Data model
ND-6 B¢ puise height analyzer system. Background and Compton stripping,
peak search., peak identification, and coneentrarion rcalculations wera
berfcrmed wsing the computer capabilities inherent in the analyzer system.

Energy peaks used for determination of radionuclides of concern were:

Re=226 0.609 MeV from Bi~214 (corrected for equilibrium conditions)
U-235 =~ (0.143 MeV

U~238 = 0.094 MeV from Th-234 (sectlar equilibrium assumed)
Th-232 = 0.911 MeV from Ac-228 (secular equilibrium assumed)
Cs=137 -~ 0.662 MeV

T,

Water Sawmple Analvysis

Water samples were rough-filtered through Whatman No, 2 filter paper.
Remaining suspended solids were removed by subseguent [iltrativo through
0.45 um wembrane filters. The filtrate was acidified by additionm of 10 wl
of concentrated nitrie acid. A known volume of each sample was evaporated
to dryness and counted for gross alpha and gress beta using a Tennelec

Model LB 5100 low=-background proportional coupter.

Calibration and Quality Assurance

With the excepticn of the exposure and dose rate conversion factors
for portable survey gapma and beta-gamma meters, all survey and laboratory
instruments were talibrzted with NBS~ctraceable standards. The calibratien

procedures for these portable instruments are described abeve.
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Quality centrol procedures on  all  instruments included daily
background and check-source measurements to confirm equipment operations
within  acceprable  stavistical  fluctuations. The ORAU laboratory
participates in the EPA Quality Assurance Program.
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APPLICABLE TO OFF~-SITE PROPERTIES AT THE NIACARA FALLS STCORAGE SITE



U. &. DEPARTMENT OF ENERGY

INTERIM RESIDUAL CONTAMINATICN AND WASTE CCNTROL GUIDELINES
FOR
FORMIRLY UTILIZED SITES REXYEDIAL ACTION FROGRAM (FUSRAP)
AND

REMOTE SURPLUS FACILITIES MANAGEXENT PROGRAM (SFMP) SITES

(Review within DCE Centinuing)

Fresented here are the Tesidual concaminacion sleanup and WasLte CONLTol
guide};nes of gemeral applicabllity te the FUSRAP project and remote SFMP
sites~ . A site-specific amalysis will be prepared for esch FUSRAP and remcte
SFMP site prlovr teo determiuviug residusl contewmioation guldelioes for a specific
site. In additiom, it is the policy of the DOE to decontaminate sites in a
manner consistent with DOE's as-low—as-reasconably—achievable (ALARA) policy.
ALARA will Bbe consoidered im reduecing levels of residual contamination balow
applicable dose limits. ALARA will be implemented uvsing cost/benefit
considerations, and apprlied on a site~specific basis.

The seil residual contamination guidelivnes were developed on the basis of
limiting maximum individual radiation exposure to DOE limits specified ip DOE
Drder 3480.1A exclusive of exposwvre from natural background radiation or
medical procedures. The radium-226 and thorium—230 guidelines include aun
additional limitation for buildup of radon—222 decay products in buildings. The
aggregate of the contribution from all wajor pathways, based on scenaries for
permanent intrusion, e.g., establishing residences or the site, was assumed. In
post circumstances, the probability is lew that such an intrusiem will occur.
Also, conservative assumptions were used iv deriviung these guidelines ro ensure
that & particular dose limit woeuld not be exceeded. Use of these guidelines s
additionally conservative because the pathways considered in the derlvatioo of
the guidelines assume all water iovtake and most food intake is from the site.
Algo, the FUSRAP and remote S5FMP sites often have limited agricultural
capabllity and the contamination is generally nor homegeneous, The combined
effect of these factors iz such thar the probable radiation exposure to the
average population ou, or in Lhe vicinity of, FUSRAY or remore JFMP sires
decoutaminated to these guidelines will not be appreclably different from that
normally received from natural background radiation,

The residual contamination guidelipes for surface contamination of structures
were adapted from guidelines developed by the U. 5. Wuclear Regulatory
Commisaicon (NBC) for decontaminatiocn of facilities and equipment prior to
release for unrestricted usez?r termination of licenmses for byproduct, source,
or special nuclear matrerial = . The waste control guidelines are congistent
with applicable DOE Orders and EFA's regulationg for inactive uramium milling
sites, 40 CFR Part 192.

1/

='A remote SFMF site ig one that is excess to DOE programmatic needs and 1s
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located outside 2 major operating DOE RLD or productien area. Remote sites
are wore likely to be released to the public or excessed to other governmant

agencies after decontamination than are sites located with major R&D or
production areas.

2/

—'"U. 8. Nuclear Regulatory Commission 1982 Guidelines for Decontamination of
Facilities and Equipment Prior to Release for Unrestricted Use or Termination

of Licenses for Byproduer, Source, or Special RNuclear Material. Division of
Fuel Cyele aud Material Safety, Washingtom, DC.

A, "RESIDUAL CONTAMINATION GUIDELINES FOR FORMERLY UTILIZED SITES AND REMOTE
SURPLUS FACILITIES MANAGEMENT PROGRAM SITES

The folleving guwidelines repraesent the maxioum vresidual contawinztion
limits for unrestricted use of land and structures contaminated with
radiopuclides related to the nuclear fuel cycle at FUSRAP and remote S5FMP
gites. A mite—specific analysis will he prepared for each site prier to
determining residuval contamiratien guidelines for a epecific site. It is
the policy of DOE to decontaminate sites to contamination levels at or
below the limits and in a oavuner cousistent with DUE's
as~low-zs~is~reasonably-achievable (ALARA) policy on a site-specific basis.
Site~specific guidelines and ALARA policy will be determined by DOE oo a
site-specific basis- and an ALARA report filed on completion of remedial
action ar a site. Exdsting state and federal standards will be applied for
water protection. Residual contaminatioo limits for other nuclides will be

developed wheu required uwsing the sawe methodology~ as was used for those
represented here.

1. So0il (Land) Guidelines (Maximum Limits for Uprestricted Use)
2/,3/ b/

Soil Criteria~

Radionuclide (pCi/g_above background)

U-Natgyaléf 75

U—23 5 150

u—z3af’.'; / 150

Th—230-~ 15

BRa-226 5 pCi/g, averaged over the
first 15 cm of so0il below
the surface; 15 pCi/g when
averaged over 15 sm thiek
s0il layers more thaun 15 cm
below the surface and less
than 1.5m below the surface.

U~235&/ 140

Pa-231 40

Ac~227 190

Th-232 15

Am*ZAlsl 60

Pu-24]1= 2400

Pu-238, 239, 240 300

Cs—137

80



Sr-90 390
H-=3 (pCi/ml swil moisture) 5,200

Y peseribed in ORO-831 and ORO-832.

2/

— In the event of occurrence of mixtures of radionuclides, the

staction coatributed by esch redivuvelide to its guidelioe shsll be

deteranined, and the sum of these fractions shall not exceed 1. There
are two special cases for which this rule wust be wodified:

{(a) If Ra=226 is present, then the fraction for Ra=-226 should not be
included in the sum if the Ra~2%26 concentration is less than or
equal to the Th-230 concentration, If the Ro-228 cenceuntration
exceeds the Th-230 concentration, then the sum shall be

evaluated by replacing the Ra-226 concentration by the
diffarance betwasn the Ra-226 and Th«230 soncentratiome.

(b) If Ac-227 is present, them the same rule given in (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

resldual concentrations above background averaged acrogs any 15 cem
thick layer to any depth and over any contiguous 100 w” surface area.

The same conditions prevail for Ra-226 except for soil layers beneath

4/

1.5 m; beneath 1.5 m, the allowable Ra-226 concentration may be
affected by site—~specific conditions and must be evaluated
accordingly,

Localized concentrations in excess of these guidelines are
allowable provided that the average over 100 m” is not exceeded.
However, DOE ALARA policy will be considered on a site—specific basis

when dealing with elevated localized concentrations.

5/

<A curie of natural uranium means the sum of 3.7 x 10

U=-238 plus 3.7 x 10

6/

10

disincegrations perlﬁecond (dis/s) vver any licm thi@k layers frow

dis/s from U~234 plus 1.7 x 10° dis/s from
U~235. Oune curie of natural uvranium is equivalent to 3,000 kilograms
or 6,600 pounds of nmatural uranium.

=" Assumes np other uranlvm isotopes are prasent,

7/

8/

The Th-230 guideline is 13 pCi/g to account for ingrowth of  Ra~226
as Th=230 decays. Ra~226 is a limlting radionuclide because ius
decay product is Rn—222 gam.

The Pu-241 guideline was derived from the Am-24]1 concentration.

Structure Guidelines (Maximuwe Limits for Unrestricted Use)

a.

Indoor Radon Decavy Products

A structure located on private property and intended for
vprestricted use shall be subject to remedial action as necessary

B-3



e Gnsure the ennwel aversge concentration eof redon docay products
is less than 0.03 WL within the strugture.

Indser Cawma Radiation

Thne indoor gacmz radiation after decentamination shall not exceed
20 microreentgen per hour (20 R/h) above Laeckground in any
cccupied or habitable building.

Tndoar/Oucdear Structure Surface Contgminatinn

, . ]
Allowable Surface Residual Ceontamination

{dpe /100 em™)
5/,5/ 47,8/

Radimnumlidesgf Averagaé/’if Max i Eemovable—

Trausuranics, Ra-226,

Ra-228, Th~230, Th-228,

Pa-231, Ac-227, I~-125,

I-129 100 300 20

U-Natural, ITh-232,

Sr-9¢, Fr-223, Ra-224,

O-232, I~126, I~131,

I-133 1,000 3,000 200

U-Natural, U-235, U-238,
and associated decay
products 5,000 15,000 1,020

Beta-gamma emitters

(radicnuclides with

decay modes other than

alpha emission or

spontanceous fission)

except Sr-90 and others

noted above 5,000 15,000 1,000
i/ As used in this table, dpm (disiotegrations per minute)

means the rate of emission by radicactive material as
determined by correcting the counts per minute obhserved by an
appropriate detector for background, efficlency, and gecwmetric
faetors associated with the instrrumentatioun.

.

—  Where surface contamination by both alpha- and
beta~gamma~emitting radiouuclides exists, the limits

established for alpha— and beta-gamma-ewitting radionuclides
shall apply independently.

=<' Measurements of avgrage coutaminant should not be averaged
over more than 1 m~. TFor objects of less surface area, the
average shall be derived for each such objecr.

- The average and maximum radiation levels associared with
surface covtamination resultiog from beta-~gamma emitters should

B4



not exceed 0.2 mrad/h ar 1 em and 1.0 mrad/h at 1 ez

respectively, measured through net more than 7 mg/em” of total
absorber.

The maximunm contﬂmination level applies to aun area of nor
more than 100 em®.

E/ The amcunt of removable radicactive material per 100 cm2 af
surface area should be determined by wiping that area with dry
filrer or soft absorbent paper, applving moderate pressure, and
assessing the amount cof radicactive material on the wipe with
an appropriate instrument of known efficiency. Whea removable
contaminarion on objects of less surface area is determined,

the pertinent levels shall be reduced proportionately and the
entire surface shall be wiped.

CONTRCL OF RADLIOACTIVE WASTES AND RESIDUES FROM FUSRAF AND REMOTE SFMP

SITES

Specified here are the control requirements for radioactive wastes and
residues related to the nuclear fuel cycle at FUSRAP and remcte SFMP sires.
It 15 the pelicy of DOE to store radicactive wastes in & manner

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

1. Tuteriwm Storage

All operatiomal and control requirements specified in the follewing DOE
Orders and other items shall apply:

a., S5480.1A, Enviroomentsl Protection, Safery, and Health Protection
Program for DOFE Operariang,

b. 5480.2, Hazardous and Radiocactive Mixed Waste Management.

. 5483.1, Occupational Safety and Health Program for Government—Owned
Contractor—-QOperated Facilities.

d. 5484.1, Environmental Protéction, Safery, and Health Protection
Information Reperting Requirements.

e. 5484.2, Unusual Occurrence Reporting System.
f. 5820, Radioactive Waste Management.

¢. Control and stabilization features will be designed to ensure, to

the extent reasonably achievable, an effective 1ife of 50 years,
and in any case, atrt least Z3 years.

h. Rn-222 concentratious in the atmosphere above facility surfaces or
openings shall uwot (1) exceed 100 pCi/l at any given point, or anm
average concentration of 30 pCi/l for the faciliry site, or (2)
exceed an average Rn—-222 concentratiocm at or above any location
cutside the facility cite of 3.0 pCi/l (abovae backgrouwnd).



i. For water protection, use existing state and federal srandards;
apply site-specific measures where needed,

Long=Term Mansgement

8. Al)l operational requirements specified for Interim Storage
Facilities (B.,1) will apply. d

b. Control and stabilizarion features will be designed to ensure to
the extent reasonably achievable, an effective life of 1,000 vears
and, in any case, at least 200 years. Other disposal site design
features shall confeorm with 4C CFR Part 192 performance
guidelines/requirements.

t. Rn=222 emanation to the atwospbere frow facility surfaces or
opening shall not (1) exceed an average release rate of 20
pCi/w“/s, or (2) inecrease the annval average Rn-222 concentration

at or above any locatioo outside the facdlity sire by more than (.5
pCi/l.

d. TFor water protectiom, use existing state and federal standards;.
apply site-specific measures where needed.

&. Prior to placement of any potentially biodegradable contaminated
wvastes in a Long-Terw Management Facility, such wastes will be
properly conditioned to (1) ensure that Lhe geuerativu and escape
of blogenic gases will not cazuse the requirement in paragraph 2.c.
to be exceeded, and (2) ensure that bieodegradation withim the
facility will not result in premature structural failure not in
accordance with the requirements ip paragraph 2.b.. If
biodegradable wastes are conditioned by inclneration, incineration
operations will be cartied our in compliance with all applicable
federal, state, and local alr emission standards and requirements,
toncluding any standards for radiomuclides established pursuant to
40 CFX Part &)1, Natisnal Emiscion Standards for Bazardous Alr
Pollutants (NESHAPS).

EXCEPTIONS

Exceptions may be made to the guidelines presented herein following
analvsls of the site-specific aspects of 3 candidate site. Specific
situations that warrant consideration for modifying these guidelines are:

1.

Where remedial actions would pose a clear and present risk of injury to
workers or members of the public, notwithstanding reasonable measures
to avoid or reduce risk.

Where remedial actions would produce envircecmental harm that is clearly
excessive compared to the health benefits to persons liviog on or near
affected sites, now or in the future, notwithstanding reasonable
measures to limit damage to the enviromnment. A clear excess of
envirommenral harm is harm that is long-term, maunifest, and grossly
disproportionate to health beunefits that may reasonably be anticipated.
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5.

¥here the cost of remedial actions for contaminated soil is
voreasonably high relative to long-term benefits and the residual
radioactive materials do pnor pose-a clear present or fwture hazard. The
likelihood that buildings will be erected or that people will spend
long periods of time at such a site should be counsidered in evaluating
this hazard. Remedial actiens will generally not be necessary where
regidual radivcactive materials have been placed semipermanently in a
location where site-specific factors limit their hazard and from which
they are costly or €ifficult tc remove, or where ouly zinor gquantities
of residual radiocactive materials are invelved. Exazples are regidual
radioactive waterials under hard surface public rpads and sidewalks,
areund public sewer lines, or in fence-pest foundations. Supplemental
standards shall net be applied at such sites, however, if individuals
are likely to be exposed for long periods of time to radiatien frem
such materials at levels above these that would prevail in Scubpart A.

Where the cost of ¢leanup of a contaminated building is «learly
unreasonably high relative to the benefirs. Factors that shall be
incluvded in this judgmwent are the anticipated period of occupancy, the
ircremenral radlation level that would be affecrted by rexedial acrions,
the residual useful lifetime of the building, the potential for future
construction at_the site, and the applicability of less costly remedial
wetheds than removal of residual vadivcacrive wmaterials,

Where there is no known remedial action.

GUIDELINE SOURCE

Guideline Source

Residual Contaminarion Criteriai/

S0il Guideline DOE Order 5&30.%9.

40 CFR Part 192=

Structure Guideline 40 CFR Part 192,

WRC Guidelines for
Decontamination of
Facilities and Equip—
ment Prior to Release
for Unrestricted Use or
Termination of Licenses
for Byproduet, Source,
or Special Nuclear
Marerisal (July 1982).

Control of Radioactive Wastes and Residues

Interim Storage DOE Order 5480.1A
Loug-Term Managewment 40 CFR Part 182
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1/

— The bases of the residual contsmination guidelines are develcped in
ORO-831 and ORO-B3L.

2
—/Based on limiting the concentration of Ra-222 decay products to 0.03 WL
within structures,
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