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RADIOLOGICAL SURVEY OF THE 
LIQUID EFFLUENT DISPOSAL PATHWAYS 

FORMERLY USED BY 
LINDE AIR PRODUCTS DIVISION 
(Union Carbide Corporation) 

Tonawanda, New York 

P.W. Frame, J.D. Berger, C.F. Riemke, L.A. Young, 
W.O. Helton, R.D. Condra, C.F. Weaver 

INTRODUCTION 

From mid-1943 through mid-1946 Linde Air Products Corporation, 
Tonawanda, New York, under contract with the Manhattan Engineer 
District, separated uranium from ores to produce uranium oxide (U308). 
The U 0 was then converted to uranium dioxide and uranium tetra- 

3 8 
fluoride, but it was only the first step, the production of U 0 

3 8’ 
that 

resulted in any significant quantities of radioactive waste. This 

waste consisted primarily of a gelatinous residue from the filtering 
of uranium carbonate, and a liquid effluent from the filtration of 
sodium diuranate. 

The solid residue was disposed of according to the source of the 
ore being processed. Domestic ores handled by Linde had been 
pre-processed so that their Ra-226 concentrations were relatively low. 
Residues generated by the processing of these domestic ores were 
stored at the Haist Property, Tonawanda. African ores handled by 
Linde had not undergone pre-processing. As a result, these ores and 
their waste residues possessed comparatively high radium concen- 
trations. The waste residues from African ores were stored at the 
Lake Ontario Ordnance Works in Lewiston, New York. 
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The liquid effluents were caustic solutions (pH approximately 10) 

primarily due to high concentrations of dissolved sodium carbonate, 
sodium hydroxide, and sodium sulphate. Initial discharges of this 
liquid waste (an estimated 80 million to 100 million liters)' were 

directed into the sanitary sewer system. Due to problems created at 

the Tonawanda sewage treatment facility by the caustic solutions, this 
disposal procedure was halted in April 1944. Subsequent wastes were 
discharged into several on-site wells (an estimated 207 million 
liters).l Seven different wells were used for this purpose between 
April 1944 and July 1946. These wells would frequently become plugged 
or overflow, in which case, the effluents (an estimated 214 million 
liters)' were diverted to a storm drainage ditch, no longer existent, 
which flowed into Two Mile Creek. 

Current estimates indicate that 
effluents released into the sanitary 

the concentrations of uranium in 
sewer system were between 

6 x 1O-7 and 1.8 x 10 -4 uCi/ml (average: 8.6 x 10m5 VCi/ml).' These 
estimated values are within the present NRC limit of 1 x 10m3 !.JCi/ml 
for disposal into a sanitary sewer. 2 Effluents released into the 
disposal wells and storm sewers are estimated to have had uranium 
concentrations ranging between 6 x 10 -6 and 4 x 10 -5 pCi/ml (average: 

1.6 x 10B5 P.X/ml).' The maximum estimated concentration is above the 
NRC guideline of 3 x 10m5 vCi/ml for release to unrestricted areas, 
however, the average concentration is within this limit. 

The concentrations and chemical form of the radium in the liquid 
effluents are not as well known as in the case of uranium. Estimates 

of the total radium concentrations in the wastes generated from the 
processing of African ores are between 2.5 x 10 -6 and 4.3 x 10m5 

pCi/ml. Concentrations in effluents from the processing of domestic 
ores would probably have been lower. 

Current NRC limits for release into a sanitary sewer are 
7 x 10'7 $i/ml for soluble Ra-226 and 9 x 10 -4 uCi/ml for insoluble 
Ra-226.2 For release into an unrestricted area, these limits are 
3 x 10-8 \~Ci/ml and 3 x 10m5 ~Ci/ml for soluble and insoluble Ra-226 
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respectively. The solubility of radium in these effluents is unknown 
and the present concentration guidelines may have been exceeded if the 
radium was in a soluble form. 

Recent sampling of several test wells and a portion of Two Mile 
Creek on the Linde property has indicated water and soil radionuclide 
concentrations within the NRC guidelines for unrestricted use. 2,395 

To further confirm these findings, a survey of all pathways utilized 
by Linde for disposal of the liquid effluent from the uranium process 
was performed on June 24-25, 1981 by the Radiological Site Assessment 
Program of Oak Ridge Associated Universities, Oak Ridge, Tennessee. 

SURVEY OBJECTIVES 

This survey was performed to 1) obtain further information 
concerning radionuclide concentrations in existing portions of the 
aforementioned liquid waste pathways, 2) characterize the composition 
of current residues in the disposal pathways, and 3) determine the 
baseline levels of these radionuclides in the Tonawanda area for 
comparison. 

SITE DESCRIPTION 

Linde Air Products Corporation is located in the town of 
Tonawanda, New York. The plant occupies a portion of the property 
bounded by East Park Drive on the west, Sheridan Drive on the north, 
New York Central Railroad on the east, and Woodward Avenue on the 
south (Figure 1). Two Mile Creek runs in a northerly direction 
essentially parallel to and on the west side of East Park Drive. As 
seen in Figure 1, this creek expands into a small pond on either side 
of Sheridan Drive. Between 1944 and 1946, liquid waste carried by the 
storm sewer system discharged via a storm drainage ditch into Two Mile 
Creek at a point near the southern tip of this pond. 
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Many sections of the original pathways followed by the liquid 
wastes no longer exist. The on-site wells employed for waste disposal 
have been sealed and extensive portions of the original sanitary and 
storm sewer systems, including the ditch leading to Two Mile Creek, 
have been abandoned, removed, or filled in. Furthermore, the sewer 
systems have undergone periodic cleanings since 1946 when the wells 
were last used for disposal. 

The nearest residential area is on the western side of Two Mile 
Creek. Mr. P. Sarno who lives approximately two kilometers north of 
the Linde site at 538 Two Mile Creek Road, is the only local resident 
utilizing well water. He has been obtaining general purpose water 
from the well (depth approximately 30 m> for the past twenty years, 
however high mineral concentrations prohibit its use for drinking 
water. 

Due to the lack of wells in the Tonawanda area, there is not 
adequate data to establish the direction of ground water movement. 
Conflicting opinions of local engineers suggest the direction to be 
either westerly or northerly. It has been estimated that it would 
cost approximately $100,000 to resolve this question, and this expense 
is felt to be beyond the scope of this survey. 

SURVEY PROCEDURES 

samples collected during this survey included soil, sediment 
(from both the bed of TWO Mile Creek and the Linde sewer system) and 
water. 

Sampling Techniaues 

1. Soil and Sediment Sampling 

Surface (to 5 cm) soil samples of approximately 1 kilogram 
each were collected by trowel after removing vegetation 
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cover. Subsurface soil samples were collected at a depth of 
between 10 cm and 15 cm. Sediment samples from the sewer 
systems were collected with the aid of a long handled scoop. 
Sediment samples from Two Mile Creek were collected from the 
upper six inches of sediment using a post-hole digger or 
trowel, depending on the depth of the water and 
accessibility to the creek bank. 

2. Water Sampling 

Water samples of approximately 3.5 liters were collected by 
dipper and stored in plastic collapsible containers. 
Caution was used to avoid disturbance and collection of 
sediments. Immediately after collection, the temperature 
and pH of the water were monitored. Where appropriate, flow 
rates were estimated. 

Samole' J,ocations 

The following samples were collected from various effluent 
pathways using the methods described above: 

Off-site Samples 

1. Surface soil, sediment, and water samples at one site 
upstream of the Linde discharge point, at the discharge 
point, and at five sites downstream from the discharge point 
(see Figure 1). 

2. Baseline surface soil, sediment, and water samples from 
Ellicott Creek and an unnamed creek (I> near the 
intersection of Niagara Falls Boulevard and Interstate 290 
(see Figure 2). 

3. Water from the Tonawanda city water supply, ' l 'onnwanda (.rc-c*k 

at N. Ellicott Creek Road, a small unnamed creek (ii) on the 
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north side of North French Road, and a small unnamed creek 
(iii) north of the intersection of Millersport Highway and 
Miller Road (see Figure 2). 

4. Water from the well of Mr. P. Sarno at 538 Two Mile Creek 
Road (see Figure 1). 

On-site Samples 

1. 

2. 

3. 

4. 

5. 

Surface and subsurface soil samples near the two original 
disposal wells where sampling was possible (see Figure 31, 

Water samples from a depth of approximately 16 meters in 
both test wells (see Figure 31, 

Surface soil samples from spoil discarded during drilling of 
the two test wells (see Figure 31, 

Water samples from one storm sewer and three s?nitary sewers 
that were part of the sewer system that originally existed 
in the vicinity of the disposal wells (see Figures 4, 5), 

Sediment samples from five storm sewers and two sanitary 
sewers that were part of the sewer system that originally 
existed and in the vicinity of the disposal wells (see 
Figures 4, 5). 

Sample Analvsis and Interoretation of Data 

Soil and sediment samples were analyzed for U-238, U-235, Ra-226, 
K-40 and Cs-137 by gamma spectrometry. Alpha spectrometry was 
employed for the evaluation of Th-230 and Th-232 concentrations. 
Water samples initially were analyzed for U-238, U-235, K-40, Cs-137 

and gross alpha concentrations. However, large quantities of , 
suspended solids created high MDA's* for the gross alpha analysis. 

*Min7:mum Detectable Act7:vities 

6 



It was therefore decided to perform radon emanation analyses for 
Ra-226 and alpha spectrometry for Th-230 and Th-232 on all water 
samples. The five soil and sediment samples with the highest U-236 
concentrations were also analyzed for AC-227 and Pa-231 by gamma 
spectrometry. Analytical procedures are described in further detail 
in Appendix A. 

RESULTS 

Baseline %mDles 

Baseline soil samples collected from the banks of Ellicott Creek 
(site 23) and the first unnamed creek (site 24) contained radionuclide 
concentrations in the following ranges; 0.04 to 0.05 pCi/g for U-235, 
0.42 to 0.64 pCi/g for Ra-226, 0.15 to 0.27 pCi/g for Cs-137, 0.51 to 
0.56 pCi/g for Th-232, 1.12 to 2.83 pCi/g for U-238, 5.75 to 12.71 

pCi/g for K-40, and 0.59 to 0.73 pCi/g for Th-230 (Table 1). 
Radionuclide concentrations in the sediment samples from these sites 
contained 0.05 pCi/g for U-235, 0.55 to 0.70 pCi/g for Ra-226, 0.08 to 
0.13 pa/g for ~~-137, 0.70 to 0.80 pCi/g for Th-232, 0.82 to 0.95 

pCi/g for U-238, 12.51 to lg.73 pCi/g for K-40, and 0.60 to 0.70 Cl/g 

for Th-230 (Table 2). 

Baseline water samples were collected from the two sites 
mentioned previously, Ellicott Creek (site 23) and the unnamed creek 

(site 241, plus, Tonawanda Creek (site 26) and two other unnamed 
creeks (sites 27, 28). Concentrations of radionuclides in these 

samples ranged from <0.4 x 10 -8 to 2.0 x low8 pCi/ml for U-235, 

0.008 x 113'~ to 0.034 x 1o-8 $i/ml for Ra-226, <0.7 x 10 -8 to 

1 x 10'8 uCi/ml for Cs-137, <O.Ol x 10m8 to <0.03 x 10m8 i,Ci/ml for 
Th-232, <214 x 1O-8 &i/ml for u-238 and 0.03 x 10m8 to 0.07 x 10 -8 

l~Ci/ml for Th-230,(Table 3).* 

* < r;~ymhol c;7t?riL~tcs f;hat the concentrczti.on determined tsar: ZCSS than 
thr mCnimum de tectnhle. 

7 

- ---. I--.--- 



gff-Site Swnles 

Two Mile Creek 

Soil from the banks of Two Mile Creek generally contained 
radionuclide concentrations within the range found in the baseline 
samples. The maximum U-235, Ra-226, and Th-232 concentrations (0.08, 
0.85 and 0.88 pCi/g respectively) are from the bank near the outfall 
of the former storm drainage ditch. The other maximum concentrations, 
5.42 pCi/g for U-238 and 0.33 pCi/g for Cs-137, and 2.51 pCi/g for 
Th-230, were found near Ensminger Road (approximately 1.0 km 
downstream from the outfall). 

Sediment obtained from the various locations along Two Mile Creek 
generally contained radionuclide levels comparable to sediments found 
in Ellicott Creek and the first unnamed creek. Highest values for 
u-235, Cs-137, and u-238 (0.10, 0.47, and 4.30 pCi/g respectively) 
were found in the sample collected upstream from the outfall. 

Water samples contained U-235, Ra-226, Cs-137 and U-238 
concentrations similar to the five baseline water samples from 
Ellicott Creek, Tonawanda Creek and the three small unnamed creeks. 
Three of the locations sampled along Two Mile Creek (site 3, site 6, 
and site 7) correspond to the three locations sampled in the Oak Ridge 
National Laboratory (ORNL) survey. 4 Ra-226 concentrations at site 3 

(0.031 x 1o-8 uCi/ml) and site 7tO.017 x 10B8 vCi/ml) are comparable 
to the values reported for these sites by ORNL (<O.O18 x 10m8 ],Ci/ml 
and 0.027 x 10B8 W./ml respectively). ORNL's analysis of 0.33 x 10e8 

uCi/ml for Ra-226 at site 6 is higher than our determination of 
<0.007 x 10 -8 $X/ml, however, ORNL did not report a range of error 
for their results. Furthermore, radionuclide concentrations in Two 
Mile Creek will be dependent on a number of variables including water 
level, flow rate, and temperature in the creek. u-238 concentrations 
at these sites have been determined to be below the MDA$ of the 
present survey. Since the ORNL values were also below our MDAs, a 
comparison of U-238 concentrations between the two studies is not 
possible. 
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Private Well and City Water Samples 

U-235, Cs-137 and U-238 concentrations in the city water sample 
and water from the private well of Mr. P. Sarno showed little 
difference from those characterizing the baseline samples discussed in 
the previous section. The Ra-226 concentration in the well water 
(0.091 x 1o-8 $i/ml) was approximately three times the highest level 
in the baseline samples but still well within the NRC guidelined of 
3x10'~ $i/ml. The Ra-226, Th-232, and Th-230 concentrations in city 
water were comparable to that of the baseline samples. 

On-Site Samnles 

Disposal and Test Wells 

Surface and subsurface soil samples collected close to the 
disposal wells contained radionuclide concentrations above 
concentrations noted at off-site locations. The ranges of levels 
measured near these wells were U-235, 0.36 to 0.84 pCi/g; Ra-226, 0.93 
to 5.53 pCi/g; Cs-137, 0.19 to 0.47 pCi/g; Th-232, 0.66 to 0.92 pCi/g; 
u-238, 11.20 to 24.05 pCi/g; and Th-230, 1.72 to 5.90 pCi/g. The 
maximum concentrations of all of these radionulides except Cs-137 were 
found in the subsurface soil near the test well north of Building 38. 

During the ORNL survey of Linde Air Products, the closest sample 
collected to that same location (site 11) was reported to have 
comparable surface soil concentrations, 34.7 pCi/g for U-238 and 
3.3 pCi/g for Ra-226.4 

Small quantities of spoil were left behind from the drilling of 
the two test wells. Samples of this spoil had U-238 concentrations of 
10.96 pCi/g and 26.4 pCi/g for the wells north of Building 38 (site 
12) and south of Building 8 (site 13) respectively. These same 
locations also had concentrations of all other radionuclides of 
concern in excess of the concentrations in the baseline samples. The 



maximum Th-230 concentration in soils (8.79 pCi/gm) was noted in the 
debris from the test well at site 12. 

Radionuclide concentrations in water from the two test wells were 
(0.5 x 10 -8 to 1 x 1o-8 pCi/ml for U-235, 0.016 x low8 to 0.031 x 

10'8 uCi/ml for Ra-226, 1 x low8 uCi/ml for Cs-137, <O.l x low8 

$X/ml for Th-232, <5g x 10B8 to <64 x 10B8 LJCi/ml for u-238 and 
0.2 x 10-8 to 0.6 x 10-~ ~Ci/ml for Th-230. These values are in 

agreement with the previous analyses of the well performed by Argonne 
National Laboratory.3 

Sanitary and Storm Sewers 

The highest Ra-226 concentration encountered in the survey, 
6.9 pCi/g, was in the sediment from a storm sewer near the northeast 
corner of Building 30 at collection site 19 (U-238, 99.2 pCi/g). This 
sediment also had the highest Th-230 concentrations encountered, 
17.7 pci/g. Silt from a sanitary sewer at collection site 15, 
immediately south of Building 19, recorded the highest U-238 
concentration 362 pCi/g (Ra-226, 1.94 pCi/g). Only twenty-five meters 
separates these two sites. It was also in this same general area that 
the ORNL study4 noted the highest levels of Ra-226 in soil. Sediment 

samples from another storm sewer, just south of Building 8 at 
collection site 21, also contained elevated levels of U-238 
(116 pCi/g). Water samples from the latter collection site had the 
highest U-235, Cs-137 levels (3 x 10 

-8 $X./ml and 2 x 10 -8 &i/ml 

respectively). Th-232 concentrations from sewer samples were not 
significantly different from the baseline concentrations; however, the 
Th-230 concentrations in the storm sewer sediments from locations 19 

and 21 were the highest noted during this survey, i.e. 17.7 and 9.89 
pCi/g respectively. 

The five soil and sediment samples with the highest U-238 levels 
had the following AC-227 and Pa-231 concentrations (Table 5): 
14.25 pci/g AC-227 and 0.73 pCi/g Pa-231 for subsurface soil near the 
disposal well at site 11 (0.84 pCi/g U-2351, 2-10 W/g AC-227 and 
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co.29 pCi/g Pa-231 for soil from the test well spoil at site 13 

(1.09 pCi/g U-2351, 5.54 pCi/g AC-227 and 0.95 pCi/g Pa-231 for 
sediment from the sanitary sewer at site 15 (12.93 pCi/g U-235), 14.29 
pci/g AC-227 and 1.14 pCi/g Pa-231 for sediment from the storm sewer 
at site lg (4.57 pCi/g U-2351, and 2.07 pCi/g AC-227 and <O-39 PCi/g 
Pa-231 for sediment from the storm sewer at site 21 (4.10 Pci/g 

U-235). In alI cases the AC-227 concentration was greater than the 
Pa-231 concentration. This increase in the AC-227 to Pa-231 ratio has 
been noted in residues from other Uranium processing operations and is 
thought to be due to selective leaching during the chemical 

separations procedures. 
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COMPARISON OF SURVEY RESULTS WITH GUIDELINES 

Guidelines for permissible concentration of radionuclides in 
water released into unrestricted areas are given in 10 CFR 20, 
Appendix B, Table II, Column 2. The applicable concentrations for 
soluble forms are 3 x low5 uCi/ml for U-235, 3 x 10B8 liCi/ml for 
Ra-226, 2 x 10m5 &i/ml for Cs-137, 2 x 10m6 &i/ml for Th-232, 
4 x 10-5 &i/ml for U-238, and 2 x 10s6 $X/ml for Th-230. The 
measured concentrations in all water samples analyzed inthis survey 
were below these levels. 

The Environmental Protection Agency has proposed an interim limit 
of <5 pCi/g for Ra-226 in surface soil.' Guidelines for permissible 
soil concentrations of the rest of these radionuclides have not yet 
been adopted. Levels which have been applied by the Nuclear 
Regulatory Commission for decommissioning specific sites are 
32.5 pCi/g for U-235, 31.0 pCi/g for Th-230, 35.0 pCi/g for U-238 and 
23.1 pCi/g for Th-232.6 Surface soil concentrations from all the 
off-site samples are below these levels. While these proposed soil 

guidelines are not intended to apply to restricted areas, it should be 
noted that only one soil sample (5.53 pCi/g of Ra-226) exceeded these 
levels. 

Guidelines for radionuclide concentrations in sediment have not 
been proposed. It was noted, however, that none of the levels for 
radionuclide concentrations in soil were exceeded by the off-site 

sediment samples. Three on-site sediment samples (sites 15, 19, and 
21) exceeded these guidelines for U-238, and one of these (site 19) 
exceeded the Ra-226 concentration guideline. 
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SUMMARY 

Concentrations of radionuclides, associated with uranium 
processing operations at the Linde Air Products facility in Tonawanda, 
New York, during the mid 1940's were measured in various liquid 
effluent pathways utilized by that organization. Several soil and 
sediment samples, collected from isolated locations on the Linde 
facility property, contain uranium processing residues which exceed 
the guidelines for unrestricted areas. However, these do not present 
a radiological hazard to either the on-site employees or the general. 
public. The concentrations of radionuclides in the water, soil, and 
sediment of off-site pathways are in the range of the normal 
environmental levels in the Tonawanda area. Therefore radiation 
exposure to the public resulting from the previous operations at the 
Linde facility are negligible. 
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TABLE 1 
RADIONUCLIDE CONCENTRATIONS IN SOIL (PCi/g) 

I 
I 

I / 

/ / / 
I 

\ 
i 
/ 

i 
1 
1 

:011ect10f: 
Site 

Sample U-235 Ra-226 cs-137 m-232 u-238 K-40 n-230 
Description (pCi/g) (pCi/g) (pCi/g) (pCi/g) (pCl/g) (pCi/g) (Pm/g) 

2 

3 

4 

5 

6 

7 

8 

11 

11 

12 

13 

14 

14 

23 

24 

Two Mile Creek - Upstream 

Two Mile Creek 

Two Mile Creek 

Two Mile Creek 

Two Mile Creek 

'ho Mile Creek 

Two Mile Creek 

Near Disposal Well - Surface 

Near Disposal Well-Subsurface 

Test Well Debris 

Test Hell Debris 

Near Disposal Well-Surface 

Near Disposal Well-Subsurface 

Ellicott Creek 

Unnamed Creek (1) 

o.03+o.olb 

'0.08+0.02 

0.01+0.01 

0.04+0.01 

0.05f0.01 

0.01ir0.01 

~'0.07+0.01 

0.57kO.06 

o.a4+0.09 

0.33t0.06 

1 .ogs.o6 

0.35to.04 

0.36kO.05 

0.05+0.01 

0.04~0.01 I 
E Refer to Figures 1, 2, 4 h 5 for location of samples. 

Errors given are 2 0 due to counting statistics only. 

t .- (.,I., 

0.5OtO.02 0.03+0.01 0.59+0.09 0.85kO.10 11.72+0.33 1.72fO.16 

/o.a5+0.03 0.08?00.01 0.03+0.01 1.33t1.28 15.65~0.41 0.03~0.01 

0.20f0.01 0.20+0.01 0.07+0.08 ~0.36 2.24+_0.16 0.10~0.14 

0.53tO.02 0.08+0.01 o.aa+o.15 0.78+0.97 13.51t0.32 0.76kO.16 

0.54f0.02 0.19~0.01 0.65tO.12 2.10+0.98 g.77+0.30 1.10+0.17 

'i.69+0.03 0.33tO.02 0.60f0.12 5.42?1.72 14.9 to.03 2.51fO.25 

0.4a+o.o3 0.31+0.02 0.57fO.17 1.15?1.00 10.56kO.31 0.74tO.22 

2.7450.13 0.47fO.05 0.72+0.12 15.80+4.20 6.07tO.65 3.55kO.26 

5.53kO.19 0.24tO.05 0.92~0.19 24.05f6.14 3.48+0.69 5.goto.47 

1.93kO.11 0.13~0.04 0.74to.15 10.96+4.07 13.55kO.96 8.79fO.24 

0.82~0.08 1.00_+0.04 0.51~0.10 26.40+4.80 12.33to.91 3.53fO.44 

0.93~0.08 0.20+0.03 0.66+0.10 11.40+3.30 4.09kO.51 1.72tO.16 

0.94+-0.08 o.lgko.03 0.78to.06 11.2Ot3.60 5.ggfo.60 3.3Oto.13 

0.64tO.03 0.15-+0.01 0.56tO.07 2.83f1.36 12.71tO.36 0.59+0.09 

0.42tO.02 0.27f0.01 0.51to.13 1.12+0.95 5.75k0.24 0.73to.18 

Ii.. , 
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Site 
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1 

3 

4 

5 

6 

7  

a 

15 

17  

18  

19  

20  

21  

22  

23  

24  
-- .--- 

t 

‘R 1  ; ‘. 

. I,‘,.’ ,,.LisjQ 

TWJ  NKle Creek-L’potream 

Tw t-!!le Creek 

Twc Mile :ZI,oek 

Two :file rreek u 

33~~~ &le Creek 

TV- file Creek 

7i;o Mile Creek 

Sanitary Sever 

Sanitary Sewer 

Stxm 3euer 

St.mn Sewer 

s  ‘,rx s?w,r 

St<,-::: Sewer 

St*i:m Sever 

Ellj cott Crw’: 

_1 rJnrawd !;r-?nir : I! 
_ - - ~. 

11- ,  ;: 
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I 

-..._-_ _ _  _.- ___-~- -..--_ __- __I__-..  

/ 
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. I  
O.lC..~.O2' 

0.06!0.01 

0.~!4ro.c1 

O.O4C?.r?l 

O.O9Y!.ri3 

0."3'O.C1 

O.l)4'O.Oi 
. . 

12.93in.25 

0.05':~.01 

0.15'?.01 

4.57tiI.17 

0.523 05  . 

4.10',?.12 

O.l'!' .03 

0.05.9.01 

.- -_.__ - -- 
: .c1+0.04 

) C?'O 01 .L . 

!.5510.03 

7.40.I).05 

?  . 46  +  0  . 15  

?.3~~'0.05 

3.56-'0.13 

c!.ll~O.Oh 

9.2110.05 

0.6?'0.10 

0.51+0.09 

0.65r0.13 

0.34co.04 

r,.3g+o.og 

0.70'0.07 

fi.f?::'O.lr: 
_~. .~. ~.- 

.- .----. - 
4. jO’?.l” 

‘).71+ 0.95 

0.5.G 

1.53'0.?0 

3.k0t2.8'3 

0.98fo .?o 

-0.65 

!c,ZC ,o 

g.‘,.:‘ll*‘I’~ 

-J . $2  ! 5; . ii ’ 

o.‘-~:,J.c? 

3  +l;‘ov(?; 

i\ p: '0.;17 . 

C,.5"'7.<J3 , 

c.':!+ll."i 

1. :t20.19 

O.jF'C.02 

i .35b0.0’4 

',.r;j-o.2G 

1.;3'0.'0 

a.!:g+0.11 

;j,$"o .jy 

0*5~'0.02 

' I 'T'O.03 

I:.C?'O.Ol 

:%'x-0.01 

0  _  I ' '4 : 0  _  . 3  1  

'.13'O.Q3 

n  ;3'0.01 

i:./l!to.cl 

0.4:'o.lo 

ti.o'rco.cl 

0.32~0.01 

0.45!3. '35 

il 2  c f 0  fl4 .Y 

O.l'i+0.05 

',l;ito.n3 

(!.13!0.01 

.1.08?0.01 

,.O .5! 

6.47'1.38 

99.20*11.2 

12.A0'3.70 

116 r 1.: 

4  . 501  ;1 . -75 

0.02+i.o4 

0  95t:.?n . 

_-- .--_ 
“R- .I:: 

I:,l.‘: ‘4) 
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ll.Ll-:I.51 

~  :, *.?3r3.3' 

10.O5'0.27 

12.R5fO.33 

:I.;11'0.51 

6.38-Q.25 

a.slto.~l 

,b.e3ko. 85 

2.7EO.17 

4.73~0.22 

1;.05'c,!.79 

7.16'0.41 

1~.30~1.20 

6.05'?.63 

1?.5! '0.33 

:y.:.yc.41 
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c.y..:.11 
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0.93t9.28 

1.33~0.20 
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1.41'@.16 
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TABLE 3 
RADIONUCLIDE CONCENTRATIONS IN WATER (uCi/ml X lo-? 

:ollecti~n 
Site 

1 
3 
4 

2 
7 
a 
9 

10 : 
13 I1 : 

15 
16 
17 
21 
23 
24 
25 
26 
27 
28 

Sample 
Description 

TWO Mile Creek-Upstream 
Two Mile Creek 
'ho Mile Creek 
TWO Mile Creek 
TUO Mile Creek 
TWO Mile Creek 
l'wo Nile Creek 
P. Sarno, Well Water 
Linda Test Well 
Linde Test Well 
Sanitary Sever 
Sanitary Sewer 
Sanitary Sewer 
Storm Sewer 
Ellioott Creek 
Unnamed Creek (1) 
City Water 
Tonawanda Creek 
Unnamed Creek (ii) 
Unnamed Creek (iii) 

Limit for Release of 
Soluble Radionuclide Into 
Unrestricted Areas 

U-235 

to.5 
(0.4 
<o.u 
2*2 
CO.4 
CO.4 
lltl 
<0.4 
I*1 
<0.5 

--l & T 
<0.4 
<Qs4. 

-3It2 
<0.4 
<0.6 
I*1 
l*2 
2*2 
I*2 

3000 

Ra-226 cs-137 

0.037 * 1.020 
-i-.031 A 0.024 

0.033 * 0.020 
0.056 f 0.025 

<0.007 
0.017 f 0.019 
0.083 + 0.025 

-cl;091 f 0.029 
0.031 2 0.023 
0.016 2 0.022 
0.016 + 0.022 

<0.007 
0.01 f 0.02 
0.32 f 0.04 
0.034 * 0.022 
0.026 f 0.024 
0.041 f 0.025 
0.030 f 0.020 
0.010 f 0.017 
0.008 A 0.017 

3 

l*l 
<0.3 
<0.3 
<l 
<0.4 
<o-4 
co.4 

l*l 
I*1 
l&l 
l&l 
l*l 
lltl 
21tl 
I*1 

co.7 
co.4 
(1 
<l 
Cl 

2000 

Th-232 

0.01 f 0.02 
0.09 f 0.03 
0.01 f 0.02 
0.01 f 0.02 
0.01 LO.02 
0.01 LO.02 
0.04 rt. 0.03 

<1.6 
<O.Ol 
<O.Ol 

0.02 f 0.04 
<0.02 

0.02 LO.02 
0.03 f 0.03 

<O.Ol 
co.03 
co.03 
(0.03 
<0.03 
<0.03 

200 

6 Refer to Figures l-5 for locations of samples. 
Errors given are 2a due to counting statistics only. 

' Insufficient sample for alpha spectrometry analysis; gamma spectrometry performed for Th-232. 

U-238 

(59 
<51 

86 + 80 
<150 
(51 
<53 
<55 
<49 
<59 
<64 
<55 
<65 
<52 
<160 
X58 
(87 
<57 
<lOO 
(214 
<130 

4000 

&,q-L J$,;-y.o,r.i,f l-,/-.D’r L$;-.!- 
~ /- ,; ‘), I/ Q , G -.L -;: 

,’ ,nzy -. 1 L 17 

( j -1 t-i ) 
I\ r’- + b ! i 

m-230 

to.07 
3.56 f 0.20 - 

co.05 
0.01 f 0.05 
0.50 + 0.12 
0.03 2 0.06 
0.11 f 0.07 

0.06 : 0.06 
0.02 f 0.07 
0.06 k 0.15 - 
0.10 * 0.04 
0.20 f 0.33 
0.01 f 0.06 
0.03 *O-O8 

<0.06 
<0.06 

0.07 f 0.06 
<0.06 
co.06 

200 

IO/ - 1,,5.-6 
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TABLE 4 

APPROXIMATE VOLUME FLOW RATES OF TWO MILE CREEKa 

Collection Site Volume Flow Rate (l/set) 

6 70 

7 160 

8 250 

a As estimated at the time of sampling, June 24, 1981, 
based on cross sectional area and rate of surface 
movement. 
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TABLE 5 

A~-227 AND Pa-231 CONCENTRATIONS IN 
SELECTED SOIL AND SEDIMENT SAMPLES (pCi/g) 

Collection Sample AC-227 Pa-231 
Site Description (pCi/g) (pCi/g) 

11 Disposal Well - 14.25 + 0.51b 0.73 + 0.57 
Subsurface Soil 

13 Test Well Debris - 2.10 k 0.24 <0.29 
Soil 

15 Sanitary Sewer - 
Sediment 

5.54 f 0.64 0.95 :h 1.02 

19 Storm Sewer - 
Sediment 

14.29 + 0.55 1.14 * 0.88 

21 Storm Sewer - 
Sediment 

3.07 t 0.37 <0.39 

ii Refer to Figures 3-5 for location of samples. 
Errors given are 20 due to counting statistics only. 
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APPENDIX A 

INSTRUMENTATION AND ANALYTICAL PROCEDURES 

Soil amd Sediment Samnles 

Soil and sediment samples were dried at 120' C, finely ground, 
mixed, and a portion placed in a one-liter Marine111 beaker. The 
quantity placed in each beaker was chosen to reproduce the calibrated 
counting geometry and ranged from 400 to 600 grams of soil. The 
beakers were capped but not sealed. Net soil weights were determined 
and the samples counted using a 23% Ge(Li) detector (Princeton Gamma 
Tech) coupled to a pulse height analyzer (Nuclear Data, model ND66). 

The following energy peaks were used for determination of the 
radionuclides of concern: 

Ra-226 0.609 MeV from Bi-214 

U-235 0.185 MeV 
u-238 1 .OOl MeV from Pa-234m (secular equilibrium assumed) 
K-40 1.460 MeV 
cs-137 0.662 MeV 
Pa-23 1 0.300 MeV 
h-227 0.351 MeV from Bi-211 (secular equilibrium assumed) 

The background plus Compton continuum was "stripped" by hand 
calculations from each of the photopeaks of interest prior to applying 
appropriate calibration and correction factors. 

To evaluate the effect of possible radon losses on the 
equilibrium of Bi-214 with Ra-226, two soil samples were sealed in 
counting beakers. The relative photopeak intensities of various 
Ra-226 decay products were noted and compared to the relative 
intensities of capped, but unsealed, samples over a time period 
necessary for the Bi-214 peak intensity to stabilize. From this 

A-l 
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comparison it was determined that radon losses resulted in a 20% 
decrease in the Bi-214 concentration and that this condition reached 
an equilibrium state in the unsealed sample within approximately three 
days after sample preparation (drying, grinding, and placing into the 
beakers). Sufficient time to reach this equilibrium state was 
therefore allowed between sample preparation and analysis and, a 
correction factor was applied to all Ra-226 calculations (based on the 
Bi-214 photopeak intensity) to allow for the 20% decrease due to radon 
loss. 

For U-235 analysis, contributions in the 0.185 MeV photopeak area 
from the 0.186 MeV Ra-226 gamma ray were subtracted. The ratio of the 
0.18G MeV to 0.609 MeV peak intensities in a soil sample containing 
Ra-226, but no U-235, was determined and this ratio was multiplied by 
the intensity of the 0.609 MeV photopeak in each of the samples to 
determine the magnitude of this contribution. 

Alpha spectrometry was performed for Th-230 and Th-232 by an 
cutside analytical laboratory. 

bk.,er Samples I-. L 

All water samples were rough filtered through Whatman No. 2 
filter paper. Remaining suspended solids were removed by a aubseauent 
filtration through 0.45 D millipore filters. The filters, together 
with attached solids, were discarded; the filtrate was acidified 0) 
the addition of 20 ml of concentrated nitric acid. 

GZ!!SlZ spectrometry was performed on 500 ml samples in MarinelJi 
beakers in the same manner as was the case for the soil. 

The EPA Radon Emanation technique (EPA - 600/4 - 75 - 008, 
revised) was employed on all water samples for the evaluation of 
Ra-226 concentrations, 

Alpha spectrometry analysis for Th-230 and Th-232 was performed 
by an outside analytical laboratory, 
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APPENDIX B 

EVALUATION OF RADIATION EXPOSURES ASSOCIATED 
WITH FORMER LIQUID EFFLUENT PATHWAYS 

AT LINDE AIR PRODUCTS, 
TONAWANDA, NEW YORK 

LOW concentrations of U-235, Ra-226, Th-232, U-238 and Th-230 are 
present in water, soil, and sediment samples collected in the vicinity 
of the Linde Air Products facility. These particular radionuclides 
were present in the uranium ores used at the Linde facility during the 
mid-19409, however these same radionuclides are naturally occuring and 
present in water and soil throughout the world. The fission product 
Cs-137 noted on these samples Is also present in the environment as a 
result of fallout from nuclear weapons tests. 

Concentrations of these radionuclides in water and soil collected 
in the Llnde facility property are also within the limits for 
off-site, general public use. Several sediment samples from sewers 
which existed during the uranium processing operations contained 
radionuclide concentrations above the limits for unrestricted areas. 
However, these sediments are present in limited quantities and in 
physically isolated locations. Furthermore, the lack of significant 
concentrations in water samples from these same locations indicates 
that the radionuclides are in an insoluble form. 

Concentrations of the above radionuclides in the off-site 
effluent pathways formerly used by Linde Air Products are in the range 
of the normal environmental (baseline) levels in soil, sediment and 
water from the Tonawanda, New York, area. These concentrations are 
also well within the scientifically - based guidelines for un- 
restricted areas. It can therefore be concluded that no significant 
residues from the previous uranium processing operations at Linde Air 
Products are present in these effluent pathways and that any radio- 
logical exposure to the public resulting from these operations is 
negligible. 
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