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RADIOLOGICAL SURVEY 
OF THE 

A}IAX SITE 
PARKERSBURG, WEST VIRGINIA 

INTRODUCT ION 

Beginning in 1957, Carborundum Co., near Parkersburg, WV, produced 

zirconium metal for the naval reactor program. During 1961 and 1962, 

Nigerian zircon ore, containing up to 6% thorium and 0.2% uranium, was 

processed under an Atomic Energy Commission (AEC) license. The use of 

Nigerian ore ended in 1962. From 1965 to 1967, MIAX Inc. and Carborundum 

operated the plant jointly and in 1967 AMAX became sole owner of the 

business. 

Drums of Nigerian ore and residuals from the 1961-62 process were 

stored onsite in steel drums until 1968, at which time considerable 

deterioration and loss of contents had occurred. Ore, residuals, and some 

contaminated soils were packaged and disposed of by burial at Morehead, KY. 

Laboratory-scale experiments with zirconium ores containing <0.5% uranium 

and thorium were conducted from 1974 to late 1975 under a license from the 

Nuclear Regulatory Commission (successor agency to the AEC). In 1977, 

following disposal of ores and residuals from these experiments, a closeout 

inspection of the site was conducted for the NRC. This inspection 

identified soil contamination above levels acceptable for release of the 

property. A cleanup was performed and contaminated soil was removed and 

disposed of at an approved burial site. 

Following this cleanup, the property was sold to L.B. Foster, Co., for 

the construction of a pipe manufacturing plant. While the plant was being 

constructed, pyrophoric materials (probably zirconium metal) were uncovered 

and construction ceased. ANAX repurchased the site in 1978 and 

commissioned radiological, geological, and hydrological surveys of the 

area. 

The radiological assessment of the site was performed by Chem-Nuclear 

Systems, Inc.' Areas where direct radiation and soil contamination still 

exceeded NRC decommissioning guidelines for unrestricted use were 
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identified. Direct radiation levels ranged from 10-900 .iR/h at 1 m above 

the surface.. - Most of the contamination was in the upper 10 cm of soil; 

however, elevated levels were noted down to 5 m in the vicinity of some 

building foundations. Thorium concentrations up to 3600 pCi/g were 

measured in soil. Contamination was identified in major drainage ditches 

and in sediment from the storm drain outfall. Although not confirmed, some 

contamination of trenches and other drainage systems was suspected. 

AMAX developed a plan to remove the contaminated soil and debris and 

place it on the concrete pads of the abandoned pipe manufacturing plant, 

where pyrophoric material and additional radionuclide contamination were 

already present. The material was to be stabilized by covering the area 

with a clay cap. Chem-Nuclear Systems provided radiological support for 

the cleanup and stabilization operations. Additional details concerning 

the site and the cleanup and stabilization are contained in the 

Environmental Impact Appraisal, Docket No. 40-8355, prepared by the Nuclear 

Regulatory Commission,2  and the AMAX Stabilization Plan, prepared by AMAX 

Environmental Services, Inc.3  The Nuclear Regulatory Commission requested 

that the Radiological Site Assessment Program of Oak Ridge Associated 

Universities verify the adequacy of the decontamination and stabilization 

activities. 

Appendix A provides a brief suary of the site history. The thorium 

and uranium decay series are presented in Appendix B to aid in inter-

pretation of the data. 

SITE DESCRIPTION 

AMAX, Inc., is located on the east bank of the Ohio River in an area 

known as Washington Bottom, approximately 12 km west southwest of 

Parkersburg, West Virginia (see Figures 1 and 2). The site occupies a 

total of 152 hectares, of which 51 hectares have been developed for 

commercial use. A portion of this site is presently leased to L.B. Foster, 

Co. (Foster), a pipe manufacturing firm. Foster occupies a small office 

building, a warehouse, and two pipe fabrication buildings. Other 



structures or features on the property include a water storage tank, a 

railroad spur, numerous old building foundations (concrete pads), the two 

floor slabs at the original site of the L.B. Foster pipe fabrication plant 

(now covered by the stabilization pile), and several pump houses and other 

small support buildings. Portions of the storm drainage system and other 

underground trenches and piping still remain but are largely unused and 

blocked with debris. Originally, this drainage system consisted of several 

lines, running primarily in a north-south direction, in the vicinity of the 

office and old building foundations. A single line carried the combined 

effluents west toward an outfall at the Ohio River. A plan view of the 

site and adjacent property is shown in Figure 3. Figure 4 is an aerial 

photograph of the same area. 

The AMAX site is situated on a riverbank terrace. Adjacent property is 

industrial and agricultural; the nearest residence is approximately 0.6 km 

to the south. The northern portion of the property is generally clear of 

underbrush and trees. Heavy brush and weeds are present on part of the 

southern area with larger trees along the property boundary and drainage 

ditches. There are also several small, isolated swampy regions on the 

southern portion of the property. Surface drainage is generally towards 

the Ohio River. A ditch along the railroad to the east and a ravine 

originating on the southern boundary of the site are major drainage paths. 

The latter extends for approximately 400 m into property owned by the 

Monongahela Power Company and currently leased as farmland. Surface soils 

are clay, sandy clay, and silt. They are well drained, being underlain by 

sand and gravel; bedrock is at approximately 30 m. Ground water is at 

about 15 m and flow is generally towards the Ohio River. 

- SURVEY PROCEDURES 

Objectives 

The objectives of this project were: 

1. to evaluate the adequacy and accuracy of the soil sampling and 

analytical techniques used by Chem-Nuclear Systems, Inc.; 
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toevaluate the effectiveness of decontamination operations; and 

to determine the radiological status of the site, following 

cleanup, backfilling, and stabilization. 

Procedures 

Grid Reference Systems 

Before decontamination operations began, ANAX contractors established a 

25 ft grid system over the area of the site in which contamination was 

anticipated. This grid was expanded, as required, based on findings as the 

survey progressed (Figure 5). During the decontamination activities, this 

grid system was used by both Chem-Nuclear and ORAU; however, much of it was 

destroyed during backfilling operations. Therefore, ORAU established two 

new 20 m grid systems for use during the post-remedial action survey (see 

Figure 6). One of these was established north of the railroad spur, over 

what is referred to as the pad area (Figure 7). The other was south of the 

spur over the stabilized pile (Figure 8). A simple survey reference system 

was established along the ravine by dividing its length into 20 m intervals 

with markers placed 5 m to either side of the centerline (Figure 9). 

Walkover Surface Scans 

Walkover surface scans of the site were performed during decontam-

ination activities and following cleanup and stabilization, to identify 

locations of residual surface contamination. Scans were conducted by 

traversing the area with NaI(Tl) gamma scintillation detectors held near 

the ground surface and noting locations of increased radiation levels. 

Scanning intervals were generally 1-2 m in gridded areas and in the 

vicinity of ditches, roads, railroad tracks, buildings, foundations, or 

other locations where experience indicated a potential for contamination. 
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Following stabilization the pile was scanned at 5 m intervals. Other areas 

of the property were scanned in a more random fashion with intervals 

ranging from 2 to 10 m. 

Soil Sampling and Analysis 

Chem-Nuclear collected and analyzed soil samples from the surface of 

cleaned grid blocks and other decontaminated areas. These samples were 

composites of soil collected randomly from throughout the regions of 

interest. Radionuclide concentrations in these samples were determined by 

gamma scintillation spectrometry, using a procedure developed specifically 

for the ANAX project. To evaluate the adequacy of the Chem-Nuclear 

sampling and analysis procedures, ORAU duplicated the composite sampling 

procedure for eight grid blocks and analyzed these samples and aliquots 

from ninety-one Chem-Nuclear samples by solid state gamma spectrometry. 

Seventy-two subsurface samples from beneath the concrete pads forming 

the old building foundations were collected by'Chem-Nuclear and provided to 

ORAU for analyses. These samples were obtained by breaking a hole through 

the concrete and collecting the exposed soil with a shovel or posthole 

digger. Soil samples were also collected from selected locations of 

elevated direct radiation, identified by the walkover scans. These 

locations are indicated on Figures 10 and 11. 

Following backfilling and stabilization, surface soil samples were 

collected from the pad area, ravine, and the stabilization pile. Locations 

of these samples are shown on Figures 12, 13, and 14. 

Subsurface samples were obtained on the periphery of the decontam-

inated pad area and in the ravine. Shallow boreholes (to 1 m depth) were 

drilled to the desired depth with a motorized auger, loose debris removed 

from the hole, and the sample collected using a posthole digger. 

Subsurface sampling locations are indicated on Figures 12 and 13. 
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Measurement of Direct Radiation Levels 

Following the completion of cleanup and stabilization, direct gamma and 

beta-gamma radiation levels were measured. Gamma exposure rates were 

measured at the surface and 1 m above the surface at each intersection of 

major grid lines, using gamma scintillation detectors. Along the ravine, 

these measurements were also performed at 20 m intervals on the centerline 

and 5 m either side of the centerline. 

Beta-gamma dose rates were measured 1 cm above the surface at locations 

where exposure rates were measured. These measurements were performed 

using thin window (7mg/cm2) "pancake" GM detectors. To evaluate 

contributions from non-penetrating radiations, measurements were also made 

with the detector shielded. 

Sediment Sampling 

Sediment samples of 1 kg each were collected from the Ohio River at, 

and downstream of, the outfall of the storm sewer system leaving the site. 

Samples were also collected from accessible locations in the on-site storm 

sewer system. Sample locations are indicated on Figure 15. 

Water Sampling 

Water samples were collected from the storm sewer outfall at the Ohio 

River and from a well (30 m depth) situated to the northeast of the office 

building (refer to Figure 15). 

Baseline and Backzround Measurements 

Six soil samples were collected at least 0.5 km from the AMAX site to 

serve as baseline samples for comparison with the other results of this 

survey. Direct radiation levels were also measured at the locations of the 

soil samples to provide background measurements for comparison. The 

locations of the baseline soil samples and background measurements are 

indicated in Figure 16. 
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Analytical PEocedures 

Soil and sediment samples were analyzed by gamma spectrometry for 

Th-232, Th-228, U-238, Ra-2261  and other identifiable gamma-emitting 

radionuclides. Water samples were analyzed for gross alpha and gross beta 

concentrations. Appendix C contains a list of the major equipment and 

instrumentation used for this survey. Analytical procedures are described 

in Appendix D. 

RESULTS 

Background Radiation Levels and Baseline Concentrations 

Background exposure rates measured in the Parkersburg, West Virgina, 

area ranged from 10 to 15 i.iR/h. 

Baseline radionuclide concentrations in soil are presented in Table 1. 

Total thorium (Th-232 + Th-228) concentrations ranged from 0.46 to 

2.70 pCi/g (1.57 pCi/g average), Ra-226 concentrations ranged from 0.28 to 

0.85 pCi/g (0.53 pCi/g average) and U-238 concentrations were below the 

minimum detectable activities. These concentrations are typical of those 

naturally occurring in soil. 

Evaluation of Sampling and Analytical Procedures 

Comparisons of thorium concentrations in composite samples, indepen-

dently collected from the same grid blocks by ORAU and Chem-Nuclear, are 

presented in Table 2. Five of these replicate samples (from grid blocks 

71, 89, 117, 146, and 151) are in close agreement. The other three pairs 

(from grids 4A1, 17, and 65) differ substantially. In two of the three 

(4A1. and 65), the ORAU-collected sample had higher thorium levels than the 

Chem-Nuclear sample. In the other sample set (grid 17) the ORAU-collected 
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sample had a lover concentration. These differences indicate the limita-

tions inherent in attempts to obtain representative samples, where contam-

ination is spotty, localized, or nonhomogeneous. It is important to note 

that, although localized areas with high levels of contamination may not be 

identified by the composite sampling procedure, such areas will be 

identified by direct surface measurements. 

The results of measurements performed by ORAU and Chem-Nuclear on 30 of 

the 91 duplicate samples are presented in Table 3. These samples represent 

the initial 30 grid blocks where decontamination and soil sampling 

activities were performed. 

The total thorium concentrations, as measured by ORAU, ranged from <1 

to 132 pCi/g. Chem-Nuclear analyses of the same soil samples ranged from 

1.4 to 139 pCi/g. A one way analysis of variance indicated no significant 

differences between the ORAU and Chem-Nuclear analyses at a 99% confidence 

level. Comparable agreement was also noted in the remainder of the 

duplicated analyses. Overall, the sampling and analytical procedures 

adopted by Chem-Nuclear for this site appear adequate. 

Thirty soil samples were also selected for analyses to determine 

concentrations of Ra-226 and 13-238 and their ratios to the thorium con- 

centrations. The Ra-226, Th-232, and Th-228 analyses were by gamma 

spectrometry; the 13-238 analyses were by neutron activation. Results are 

presented in Table 4. In each of these samples Th-232 and Th-228 are 

present in near equilibrium. The 13-238 levels ranged from 0.03 to 1.34 

times the total thorium concentrations (0.42 average) and the Ra-226 ranged 

from 0.01 to 1.37 times the total thorium levels (0.31 average). This wide 

range is possibly the result of the various ores processed at the facility 

as source material. Although it is apparent that thorium is the primary 

radionuclide contaminant in the soils from the AMAX site, nuclides from the 

uranium decay series are also present at significant concentrations, and 

these other contaminants may require consideration when evaluating the 

total radiological character of the site. 



Surveys to Evaluate Decontamination Efforts 

Walkover Scans 

Gamma scans performed after initial decontamination efforts identified 

numerous locations of elevated direct radiation. It was apparent that 

contamination existed in isolated locations outside the main remedial 

action area and at greater depths than were initially anticipated. These 

locations were brought to the attention of AMAX and Chem-Nuclear personnel 

and further decontamination was performed. Soil removal down to a depth of 

3-4 m was required in some areas. In several locations, decontamination 

efforts were terminated without complete removal of residues. One of these 

locations was in grid 52, where further soil removal was considered a 

potential threat to the stability of the nearby water tower. Another was 

near a section of concrete pad (grids 174 and 190). Here, decontamination 

efforts were continued to a point mutually agreed upon by AMAX and the NRC. 

Walkover scans conducted before backfilling indicated remaining 

isolated areas of surface contamination. These areas are shown on 

Figure 11. Contact exposure rates ranged up to 350 DR/h. These areas were 

all below the normal grade elevation; some areas were 3-5 m below grade. 

It should be noted that backfilling was performed at some locations before 

a confirmatory walkover scan could be completed. The final contamination 

status of these areas is therefore unconfirmed. 

Radionuclide Concentrations in Soil 

Table 5 presents radionuclide concentrations in samples, collected from 

selected locations of elevated contact radiation levels, prior to 

backfilling. Thorium concentrations in these samples ranged from 0.73 to 

318 pCi/g. Radionuclide concentrations in 72 samples collected from 

beneath two concrete pads are presented in Table 6. Samples from grid 46 

contained thorium concentrations of 4246 and 5604 pCi/g. Further soil 



removal was performed in that area prior to backfilling. Other samples 

from beneath-the pads had much lower thorium concentrations; many were in 

the range of typical soil baseline levels. 

Surveys Following Backfilling and Stabilization 

Walkover Surface Scans 

Surface scans conducted after completion of remedial action and 

stabilization identified several areas of slightly elevated surface 

radiation levels. These were near drains, in cracks and around the edges 

of concrete foundations, along the old railroad bed near the eastern 

boundary, and at a few additional miscellaneous locations. These areas 

were all small and isolated and were not indicative of significant 

quantities of residual thorium contamination. Exposure rates at 1 m above 

the surface at of these locations were in the range of normal background 

levels. 

Direct Radiation Levels 

Direct radiation levels measured at grid line intersections are 

presented in Tables 7, 8, and 9. On the grid established Over the pad 

area, the gamma exposure rates at grid line intersections ranged from 8 to 

26 pR/h, (14 pR/h, average) at the surface and from 7 to 20 pR/h (13 pR/h, 

average) at 1 ni above the surface. The highest levels were on the northern 

and eastern edges of the grid system, i.e. the limits of the area 

excavated. Beta-gamma dose rates at the surface ranged from 19 to 

146 prad/h (46 prad/h, average). Gamma exposure rates measured at the grid 

line intersections over the stabilization pile ranged from 9 to 20 pR/h 

(11 pR/h, average) at the surface and from 9 to 12 pR/h (11 pR/h, average) 

at 1. m above the surface. Beta-gamma dose rates ranged from 22 to 

88 prad/h (39 prad/h, average). 

In the ravine, the systematically measured surface gamma exposure rates 

ranged from 11 to 20 pR/h (15 pR/h, average) and the exposure rates at 1 m 

ranged from 11 to 19 pR/h (15 pR/h, average). Surface beta-gamma dose rate 
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measurements ranged from 32 to 67 itrad/h (48 i.irad/h, average). The 

slightly hi&her than average direct radiation levels south of the 300 m 

point probably occur because the excavation activities were not extended 

past this point. 

Radionuclide Concentrations in Soil 

• Radionuclide concentrations in surface and subsurface samples, 

collected after backfilling and stabilization, are presented in Tables 10, 

11, and 12. Total thorium concentrations in samples collected in the pad 

area ranged from 0.94 to 12.1 pCi/g (3.80 pCi/g, average). The samples - 

collected from the stabilization pile had thorium concentrations ranging 

from 0.78 to 4.54 pCi/g (1.74 pCi/g, average). Soil samples collected at 

the grid intervals along the ravine had total thorium concentrations 

ranging from 0.57 to 6.76 pCi/g (3.47 pCi/g, average). Two surface samples 

collected at isolated locations of elevated exposure levels along the 

ravine had thorium concentrations of 41.7. and 60.0 pCi/g (refer to Table 

13). These areas of contamination were small and adjacent soils did not 

have elevated direct radiation levels. Overall, the thorium concentrations 

in surface soil were only slightly above baseline levels. Thorium 

concentrations in the subsurface samples were, on the average, slightly 

lower than the surface soil samples. 

Radionuclide Concentrations in Sediment 

Radionuclide concentrations in the sediment samples are presented in 

Table 14. The thorium concentration in sediment at the storm sewer outfall 

to the Ohio River was 31.1 pCi/g. Levels decreased with increasing 

distance downstream from the outfall; at 40 m and 60 m downstream, the 

concentrations were in the range for baseline soil. 

Radionuclide concentrations in sediment from the on—site storm sewer 

system varied considerably. Total thorium concentrations in two samples 

from the storm sewer line west of the office building were 140 pCi/g and 

164 pCi/g. Other sewer samples had concentrations at, or near, baseline 

levels. The highest levels were in the sediment, collected from manholes, 
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where undissolved material in the effluents could settle and accumulate. 

Sediment was not present in other portions of the storm sewer system which 

were examined. It is unknown whether contamination is present in those 

sections of the sewer system that were inaccessible. 

Radionuclide Concentrations in Water 

Table 15 presents the radionuclide concentrations in the water samples 

collected from the outfall of the storm sewer and from the on-site well. 

Following filtration of the storm sewer sample, both the filter and 

filtrate were analyzed. In each of these, and in the well water sample, 

the radionuclide concentrations were typical of those normally encountered 

in groundwater. 

SuMMARY 

At the request of the Nuclear Regulatory Commission, the OR.AU  

Radiological Site Assessment Program performed a survey to evaluate 

effectiveness of remedial action at the AMAX property near Parkersburg, 

West Virginia. As part of the survey, ORAIJ evaluated the sample collection 

and analytical procedures of Chem-Nuclear Systems, Inc., the health physics 

contractor for the cleanup; both sampling and analytical procedures 

appeared adequate. Additional analyses identified radionuclides of the 

uranium decay series. These were present in lower concentrations than the 

thorium but are of importance in defining the complete radiological 

character of the site. 

Gamma surface scanning identified areas of elevated direct radiation, 

which had not been removed during remedial action. These were brought to 

the attention of Chem-Nuclear and ANAX representatives, and most of these 

areas received further decontamination. However, some small areas of 

elevated direct radiation, resulting from thorium contamination, were not 

thoroughly eliminated. One of these locations was immediately north of the 

water tower. Decontamination efforts were halted at this location because 

of concern that further soil removal would undermine the foundations of the 

12 



tower. Another area was beneath one of the old building foundations just 

north of the railroad spur. Here, decontamination proceeded to an extent 

deemed acceptable by both ANAX and the NRC. Some areas were backfilled 

before ORAU could confirm that they had been adequately decontaminated. It 

is therefore possible that additional small deposits of subsurface 

contamination remain at the site. All areas with known or possible 

residual thorium contamination are at least 0.5 m below grade; most are 

deeper than 1 m below the surface after backfilling. 

Direct measurements and sampling after backfilling and stabilization 

indicated that surface radiation levels and thorium soil concentrations 

average only slightly above background and baseline values. Sediments in 

some of the on-site storm sewers and at the storm drain outfall to the Ohio 

River contained elevated concentrations of thorium. Water from the storm 

sewer system did not contain radionuclide levels above typical baseline 

concentrations. 
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PION 
Ift- 

AO 

o 100 I 
METERS 

FIGURE 3. Plan View of the ANAX Property. 
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FIGURE 5. Grid System Established by IMAX for Survey Reference. 
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TABLE 1 

RADIONUCLIDE CONCENTRATIONS IN BASELINE SOIL SAMPLES 

Sample Radionuclide Concentrations (pCilg) 
Locationa Th-232 Th-228 Total Ra-226 U-238 

ThoriumC 

1 0.19 + 0•64b 0.27 + 0.14 0.46 0.28 + 0.08 0.42 
2 0.55 + 0.19 0.55 + 0.16 1.10 0.35 + 0.11 <2.36 
3 1.00 + 0.30 1.09 + 0.26 2.09 0.85 + 0.18 <2.59 
4 0.56 + 0.32 0.64 + 0.20 1.20 0.70 + 0.13 2.96 + 7.19 
5 1.41 -F 0.31 1.29 + 0.25 2.70 0.53 + 0.15 <3.34 
6 0.88 + 0.29 0.95 -F 0.20 1.83 0.49 -F 0.15 <2.82 

Range 0.19 - 1.41 0.27 - 1.29 0.46 - 2.70 0.28 - 0.85 
Average 0.77 0.80 1.57 0.53 

a Refer to Figure 16. 
b Errors are 2o based on counting statistics. 
C Th-232 + Th-228. 



TABLE 2 

COMPARISON OF TOTAL THORIUM CONCENTRATIONS 
IN COMPOSITE SOIL SAMPLES COLLECTED BY 

ORAU AND CHEM-NUCLEAR 

Grid Tot • Thorium Concentration (pCi/g)a 

Location ORAU Sample Chem-Nuclear Sample 
ORAU Analysis ORAU Analysis Chem-Nuclear Analysis 

4A1 
17 
65 
71 
89 

117 
146 
151 

8.89 
33.2 
29.8 
13.7 
3.32 
6.26 
7.04 
2.95 

 

<1.0 
89.5 
11.3 
15.2 
1.33 
4.11 

10.9 
2.69  

1.2 
91.1 
13.9 
19.5 
1.9 
9.4 

10.5 
2.6 

a Th-232 + Th-228 
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TABLE 3 

COMPARISON OF ORAU AND CHEM-NUCLEAR ANALYSES 
FOR TOTAL THORIUM IN SELECTED SOIL SAMPLES 

Grid Total Thorium Concentration (pCi/g)a 
Location ORAU Chem-Nuclear 

1 132 139 
2 53.3 46.4 

3 27.6 27.9 
4 33.8 34.7 
5 18.5 21.2 

6 20.5 26.6 
7 40.8 42.2 

8 46.5 48.4 
9 87.4 88.5 
10 35.9 39.8 
11 18.3 16.1 
12 4.16 3.7 
13 2.65 4.4 
14 4.97 6.3 
15 6.37 8.0 
16 <1 1.6 
17 89.5 91.1 
18 11.5 14.7 
19 10.2 11.4 
20 15.0 15.4 
21 15.8 16.7 
22 65.1 59.7 
23 30.4 28.9 
24 27.9 34.8 
25 4.16 5.9 
26 19.8. 21.8 
27 24.9 27.5 
28 7.96 11.7 

• 29 2.33 3.9 

32 3.7 6.6 

a Th-232 + Th-228 
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TABLE 4 

RADIONUCLIDE CONCENTRATIONS IN 
SELECTED SOIL SAMPLES 

Sample Radionuclide Concentrations (pCl/g) 
No. Th-228 Th-232 Ra-226 U-238 U-238 Ra-226 Ra-226 

Th-228 & Th-232 U-238 Th-228 & Th-232 

1 25.8 11a 25.8 + 1.3 7.01 + 0.55 14.7 + 0.2 0.28 0.48 0.14 
2 23.5 + 1.3 28.3 + 1.6 0.65 + 0.40 27.9 + 0.50 0.54 0.02 0.01 
3 6.49 + 0.61 6.17 + 0.78 0.57 + 0.22 3.78 + 0.19 0.29 0.15 0.04 
4 10.5 + 0.9 12.1 + 0.9 0.35+ 0.32 6.26+0.20 0.28 0.06 0.02 
5 8.07 + 0.96 8.39 + 1.12 2.56 + 0.43 4.41 + 0.24 0.27 0.58 0.16 
6 4.19 + 0.58 3.45 + 0.37 3.29 + 0.37 5.21 + 0.24 0.68 0.63 0.43 
7 1.08 + 0.33 0.84 + 0.41 0.62 + 0.27 0.34 + 0.49 0.18 1.82 0.32 
8 2030 + 60 2220 + 50 70.5 + 13.8 139 + 1 0.03 0.51 0.02 
9 31.7 + 1.4 32.9 + 1.5 1.08+ 0.54 34.2 +0.3 0.53 0.03 0.02 

Li 10 15.0 + 1.1 16.4 + 1.3 27.1 + 0.9 21.1 +0.7 0.68 1.31 0.88 
11 46.5 + 1.8 48.0 + 2.0 31.4 + 1.2 27.6 +0.4 0.29 1.14 0.33 
12 62.4 + 2.1 66.0 + 2.5 1.54+ 0.75 16.2 +.4 0.13 0.10 0.01 
13 16.1 + 1.1 15.0 + 1.3 29.8 + 0.9 25.1 +0.4 0.81 1.19 0.96 
14 16.1 + 1.1 16.7 + 1.3 34.1 + 0.9 25.3 + 0.4 0.17 1.35 1.04 
15 9.60+ 4.11 14.1 + 5.9 19.0 + 4.6 6.68+0.54 0.28 2.84 0.80 
16 50.0 + 1.6 53.5 + 2.0 0.72+ 0.53 34.9 +0.3 0.34 0.02 0.01 
17 29.2 + 1.4 29,0 + 1.6 12.3 + 0.8 15.0 +0.4 0.26 0.82 0.21 
18 15.1 + 1.26 16.2 + 1.4 42.8 + 1.0 23.5 +0.3 0.15 1.82 1.31 
19 21.5 + 1.2 21.1 + 1.3 1.72 i-0.45 10.4 +0.3 0.24 0.17 0.04 
20 1.95+ 0.45 1.94+ 0.51 0.62+ 0.21 1.32+0.22 0.34 0.47 0.16 
21 2.33+ 0.32 2.40+ 0.47 0.19+ 0.16 1.59+0.22 0.34 0.50 0.11 
22 3.15+ 0.57 4.06+ 0.74 1.64+ 0.48 11.8 +0.4 0.38 0.65 0.25 
23 1.92+ 0.39 2.20+ 0.54 1.76+ 0.28 3.34+0.40 0.43 0.53 0.81 
24 1.00+ 0.26 1.22+ 0.30 0.54+ 0.15 1.14+0.21 0.51 0.47 0.24 
25 2.34 + 0.48 2.26 + 0.53 1.30 + 0.26 1.37 + 0.46 0.30 0.95 0.28 
26 24.1 + 1.2 25.2 + 1.5 0.61 + 0.39 19.2 + 0.5 0.39 0.03 0.01 
27 20.2 + 1.1 22.5 + 1.3 0.71 + 0.41 21.3 +0.6 0.50 0.03 0.02 
28 25.0 + 1.1 29.9 + 1.3 1.18+ 0.42 8.82+0.25 0.16 0.13 0.02 
29 1.29 + 0.33 2.21 + 0.47 2.34 + 0.31 4.77 + 0.54 1.34 0.49 0.66 
30 435 + 6 324 + 6 3.13+ 1.51 101 + 1 0.13 0.03 0.01 

a Errors are 2o based on counting statistics. 



TABLE 5 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FROM SELECTED AREAS OF ELEVATED DIRECT RADIATION 

Grid Sample Depth Surface Radionuclide Concentrations (pCi/g) 
Locationa Below Grade Exposure Th-232 Th-228 Total Thoriumd Ra-226 U-238 

(m) Rate (pR/h) 

1 1.4 __b 0.38 + 017C 0.35 + 0.13 0.73 0.41 + 0.08 0.73 
6 1.4 87 0.48 + 0.33 0.33 + 0.12 0.81 0.24 + 0.07 <2.02 
9 0.1 83 66.2 + 1.8 62.9 + 1.4 129 20.5 -F 0.7 28.7 + 0.5 
19 1.4 44 15.5 + 0.9 14.9 + 0.8 30.4 0.88 + 0.24 <5.79 
55 0.2 100 88.3 + 2.0 86.7 + 1.8 175 16.1 + 0.76 30.6 + 0.5 
65 0.8 56 171 + 2 147 + 2 318 14.1 + 0.66 74.6 + 10.4 
147 0.4 42 34.8 + 1.3 31.2 + 1.1 66.0 0.77 + 0..33 10.2 + 0.4 
174 0.2 350 143 + 4 135 4- 3 278 12.3 + 1.1 24.7 + 0.7 
190 2.0 260 161 +4 144 +3 305 1.84 + 1.03 9.7-i- 0.4 

a Refer to Figure 11. 
b Dash indicates measurement not performed. 
c Errors are 2o based on counting statistics. 
d Th-232 + Th-228. 



TABLE 6 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FROM BENEATH CONCRETE PADS 

Grid 
Locationa Th-232 

Radionuclide Concentrations 
Th-228 Total ThoriumC  

(pCi/g) 
Ra-226 U-238 

40 0.78 + 032b 0.54 + 0.21 1.32 0.56 + 0.16 0.00 
41 0.54 0.24 0.63 ; 0.15 1.17 0.50 + 0.12 <2.47 
42 0.33 0.33 0.63 + 0.27 0.96 0.75 + 0.20 0.29 
45 0.80 + 0.35 0.51 + 0.21 1.31 0.44 + 0.16 <2.91 
45 0.48 + 0.28 0.45 T 0.27 0.93 0.59 T 0.15 0.83 
45 0.75 + 0.32 0.90 + 0.30 1.65 0.66 + 0.19 0.58 
45 0.65 T 0.32 0.48 T 0.24 1.13 0.55 + 0.17 0.53 
45 48.0 + 2.00 46.5 + 1.80 94.5 31.4 + 1.20 62.2 + 30.2 
46 2221 46.0 2025 T 59.4 4246 70.5 + 13.8 746 + 543 
46 2424 4- 45.0 3180 + 45.0 5604 16.0 + 11.1 1363 + 469 
56 0.49 T 0.29 0.48 + 0.27 0.97 0.41 -I- 0.17 <2.50 
57 0.42 + 0.25 0.63 + 0.24 1.05 0.48 + 0.16 <2.54 
58 0.41 0.30 0.78 + 0.27 1.19 0.44 + 0.15 0,44 

59 16.4 + 1.30 15.0 + 1.05 31.4 27.7 + 0.90 54.3 + 27.8 
59 0.40 0.30 0.54 + 0.21 0.94 0.43 + 0.41 <2.47 
59 0.58 0.21 0.60 + 0.21 1.18 0.53 + 0.13 <2.32 
60 22.1 + 1.50 21.0 1.41 43.1 40.1 T 1.00 73.5 + 28.7 

61 14.1 + 5.90 9.60 + 4.17 23.7 19.0 + 4.60 <65.5 
61 0.69 0.48 1.02 T 0.30 1.71 1.25 + 0.22 0.41 
72 0.55 + 0.27 0.48 + 0.27 1.03 0.29 + 0.15 <1.90 
73 15.0 + 1.30 16.1 1.08 31.1 29.8 + 0.90 49.3 + 27.5 
73 0.71 + 0.25 0.78 + 0.21 1.49 0.60 + 0.13 <1.90 
74 0.39 T 0.25 0.81 T 0.24 1.20 0.53 0.16 0.07 
75 0.70 + 0.51 0.45 + 0.21 1.15 0.37 + 0.15 <2.16 
76 16.7 T 1.30 16.1 1.41 32.8 34.1 T 0.90 57.1 + 23.7 

76 0.95 + 0.56 1.32 + 0.39 2.27 1.88 + 0.30 <3.76 
76 0.32 0.22 0.54 0.21 0.86 0.42 + 0.14 <2.74 
77 0.47 + 0.23 0.66 + 0.24 1.13 0.65 4- 0.19 0.23 
91 1.29 0.41 1.08 T 0.30 2.37 1.82 + 0.26 0.60 
91 16.2 + 1.40 15.1 + 1.26 31.3 42.8 + 1.00 67.1 + 24.9 
92 0.54 T 0.44 0.57 T 0.24 1.11 0.82 + 0.20 <2.73 

93 1.23 0.39 0.90 0.30 2.13 0.50 + 0.19 0.75 
93 0.51 T 0.32 0.63 T 0.24 1.14 0.50 T 0.19 4.27 + 7.20 

93 0.81 + 0.34 0.75 + 0.30 1.56 0.61 + 0.20 <2.56 
152 4.26 T 0.68 3.36 T 0.60 7.62 7.43 0.51 12.5 + 14.2 

153 4.06 + 0.74 3.15 + 0.57 7.21 7.64 + 0.48 17.0 + 13.8 
154 1.12 T 0.40 1.02 T 0.33 2.41 1.84 T 0.26 <3.13 
172 2.34 + 0.46 2.22 + 0.42 4.56 0.39 + 0.21 10.4 + 9.10 
181 0.41 0.40 0.93 0.27 1.34 0.36 + 0.15 <1.69 
182 0.42 + 0.35 0.72 T 0.24 1.14 0.41 + 0.16 <2.74 
185 0.71 + 0.26 0.48 + 0.27 1.19 0.41 + 0.19 0.13 
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TABLE 6 (Continued) 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FROM BENEATh CONCRETE PADS 

Sample 
Location Th-232 

Radionuclide Concentrations (pCi/g) 
Th-228 Total Thorium Ra-226 U-238 

188 25.2 + 1.50 24.2 + 1.23 49.4 0.61 + 0.39 16.6 + 18.6 
189 11.2 1.00 10.3 + 0.81 21.5 0.81 + 0.36 17.9 + 13.4 
196 0.57 + 0.38 0.75 + 0.21 1.32 0.42 + 0.16 <3.36 
197 0.38 + 0.30 0.75 + 0.24 1.13 0.51 + 0.17 0.24 
198 0.36 T 0.36 0.54 T 0.21 0.90 0.53 + 0.15 <2.13 
202 1.00 + 0.31 0.66 - 0.30 1.66 0.37 + 0.22 <2.08 
205 16.2 + 1.30 14..6 + 1.02 30.8 0.58 + 0.39 7.70 + 12.3 
212 0.40 + 0.33 0.60 + 0.30 1.00 0.43 + 0.18 0.03 
217 0.83 + 0.29 0.54 + 0.24 1.37 0.54 + 0.18 <4.24 
221 1.40 + 0.44 1.20 + 0.3 2.60 0.43 + 0.21 0.58 
222 0.54 T 0.29 0.60 0.21 1.14 0.33 + 0.14 <1.59 
236 0.60 + 0.40 0.96 + 0.33 1.56 0.68 + 0.18 0.43 
237 0.51 + 0.33 0.39 0.24 0.90 0.35 + 0.15 0.86 
238 0.66 + 0.30 0.78 + 0.30 1.44 0.47 + 0.14 <2.24 
239 1.05 + 0.32 0.48 0.30 1.50 0.55 - 0.16 0.64 
252 0.67 + 0.31 0.60 + 0.27 1.27 0.68 + 0.18 0.00 
255 0.48 + 0.37 1.65 + 0.39 2.13 0.41 -'- 0.23 <2.64 
262 0.38 + 0.25 0.75 + 0.24 1.13 0.69 + 0.19 <1.81 
264 1.00 + 0.34 0.54 + 0.24 1.54 0.72 + 0.18 <2.68 
265 0.78 + 0.35 0.48 + 0.21 1.26 0.54 + 0.16 <2.84 
269 0.79 0.31 0.63 T 0.27 1.42 0.55 - 0.13 2.55 + 7.16 
274 0.63 + 0.29 0.57 + 0.27 1.20 0.49 + 0.18 <4.16 
280 0.54 T 0.27 0.45 T 0.27 0.99 0.50 T 0.15 <1.83 
283 0.20 + 0.46 0.63 + 0.21 0.83 0.32 + 0.19 <2.92 
285 0.70 0.27 0.57 T 0.24 1.27 0.61 + 0.18 <2.33 
289 0.44 -1- 0.38 0.66 + 0.27 1.10 0.61 + 0.18 0.50 
291 0.41 T 0.26 0.36 + 0.21 0.77 0.39 + 0.17 0.04 
296 0.68 + 0.21 1.23 + 0.27 1.91 0.50 + 0.15 0.28 
298 0.75 0.26 1.35 T 0.27 2.10 0.52 T 0.17 <2.68 
304 0.66 + 0.29 0.54 + 0.24 1.20 0.57 + 0.15 <2.66 
305 0.80 4- 0.32 0.57 + 0.24 1.37 0.56 + 0.17 <2.92 

a Refer to Figure 10. 
b Errors are 2a based on counting statistics. 
C Th-232 + Th-228. 
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TABLE 7 

DIRECT RADIATION LEVELS MEASURED 
AT GRID LINE INTERSECTIONS IN PAD AREA 

Grid Exposure Rate Exposure Rate Dose Rate 
Locationa at 1 m at Surface at Surface 

(DR/h) (DR/h) (jrad/h) 

A, 0 17 17 39 
A, 20 19 19 50 
A, 40 20 20 72 
A, 60 19 20 67 
A,80 19 20 70 
A,100 19 20 64 
A,120 15 15 38 
A,140 12 12 23 
A,160 13 15 39 
B, 0 17 17 47 
B, 20 17 19 44 
B, 40 20 22 61 
B,60 13 12 35 
B, 80 13 13 31 
B,100 19 22 74 
B9 120 15 17 73 
B,140 19 19 74 
B,160 15 A5 48 
C, 0 19 19 53 
C, 20 13 13 32 
C, 40 13 13 26 
C, 60 12 13 53 
C, 80 12 13 80 
C,100 12 12 47 
C,120 12 13 35 
C9 140 13 13 42 
C,160 13 12 28 
D, 0 15 15 42 
D, 20 13 15 32 
0, 40 13 13 31 
D, 60 13 13 35 
D, 80 12 12 48 
01100 13 15 83 
01 120 13 15 28 
D,140 13 13 44 

D,160 10 12 29 
E, 0 19 19 51 
E, 20 13 15 34 
E, 40 13 13 35 
E, 60 12 13 35 
E, 80 13 15 45 
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- TABLE 7 (Continued) 

DIRECT RADIATION LEVELS MEASURED 

AT GRID LINE INTERSECTIONS IN PAD AREA 

Grid Exposure Rate Exposure Rate Dose Rate 

Location at 1 in at Surface at Surface 

(siR/h) . (DR/h) (irad/h) 

E9,100 13 26 121 

E,120 12 13 29 

E1 140 12 13 29 

E9 160 10 8 19 

F, 0 19 19 53 

F, 20 13 13 25 

F, 40 13 12 47 

F, 60 12 12 54 

F, 80 12 13 42 

F9 100 13 12 39 

F,120 12 13 58 

F9 140 12 12 63 

F9,160 9 9 32. 

G, 0 17 19 58 

G, 20 13 15 60 

G, 40 13 13 35 

G, 60 12 13 39 

G, 80 12 13 41 

G9 100 12 12 45 

G1,120 13 13 36 

G 3,140 12 12 53 

G9 160 8 8 29 

H,0 15 13 39 

H, 20 15 14 60 

H, 40 12 12, . 31 

H, 60 12 10 26 

H, 80 12 10 34 

H9 100 12 12 41 

H1,120 12 12 60 

H,140 13 22 146 

H1 160 8 9 48 

1,0 14 13 ' 38 

I, 20 14 15 55 

it 40 16 19 64 

1, 60 15 15 48 

1,80 15 . 15 61 

1,100 15 15 63 

1,120 15 15 63 

1,140 12 12 41 

19,160 7 8 26 - 
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- TABLE 7 (Continued) 

DIRECT RADIATION LEVELS MEASURED 
AT GRID LINE INTERSECTIONS IN PAD AREA 

Grid Exposure Rate Exposure Rate Dose Rate 

Location at 1 m at Surface at Surface 

(DR/h) (DR/h) ('1irad/h) 

J, 20 13 13 31 

J, 40 13 13 41 

J, 60 12 12 38 

J, 80 12 12 38 
J.,100 12 12 45 

J9 120 12 12 50 

J1,140 10 11 34 

J 9 160 10 11 26 

K, 20 11 12 54 

K, 40 12 12 32 

K, 60 12 12 42 

K, 80 13 15 50 

K9100 14 15 42 

K9 120 12 12 31 

K0 140 12 13 41 

K3,160 10 10 26 

L, 0 12 13 3.5 

L, 20 12 12 '51 

L, 40 12 12 41 

L, 60 13 13 42 

L, 80 12 13 44 

L,100 12 12 34 

L9,120 12 12 45 

L9 140 13 19 48 

L1,160 12 12 58 

a Refer to Figure 7. 
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TABLE 8 

DIRECT RADIATION LEVELS MEASURED 
AT GRID LINE INTERSECTIONS ON THE STABILIZATION PILE 

Grid Exposure Rate Exposure Rate Dose Rate 
Locationa at 1 m at Surface at Surface 

(pR/h) (pR/h) (prad/h) 

-A,-20 12 12 44 

-A, 0 15 20 88 

-A, 20 10 10 30 

-A, 40 10 9 24 

-A, 60 10 10 36 

-A, 80 10 9 32 
-A,100 9 9 38 

-A,120 10 10 26 

-A3,140 9 10 34 

-A,160 10 10 30 

-A,180 11 10 40 

-A,200 11 12 44 

-A,220 10 10 40 

-A3,240 11 11 40 

-A,260 10 10 32 

-A9280 11 11 38 

-A,-300 10 10 44 

-A,-20 12 12 40 

A, 0 11 11 42 

A, 20 11 11 30 

A, 40 10 10 32 

Al 60 11 11 48 

A, 80 10 10 26 

A,100 11 11 40 

A,120 10 11 38 

A,140 10 10 50 

A,160 11 11 36 

A9,180 11 11 30 

A9200 11 11 34 

A1,220 11 10 30 
A,240 10 10 38 

A,260 10 10 34 

A9280 10 10 36 

A,-300 11 11 34 

B,-20 11 11 32 

B, 0 11 11 36 

B, 20 11 12 36 

B, 40 11 11 46 

B, 60 11 11 42 

B, 80 11 11 48 
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TABLE 8 (Continued) 

DIRECT RADIATION LEVELS MEASURED 
AT GRID LINE INTERSECTIONS ON THE STABILIZATION PILE 

Grid Exposure Rate Exposure Rate Dose Rate 
Location at 1 m at Surface at Surface 

(DR/h) (iiR/h) (prad/h) 

B1,100 11 12 32 
83,120 11 11 52 
B1,140 11 12 40 
B9,160 11 11 30 
89 180 11 11 30 
B9200 11 11 40 
B9,220 11 11 32 
B0240 11 11 32 
B,260 11 11 52 
B1280 10 10 36 
B,-300 11 10 34 
C,-20 11 11 44 
C, 0 10 11 44 
C, 20 11 11 32 
C, 40 11 11 32 
C, 60 11 11 30 
Cl  80 11 11 38 
C,100 11 11 36 
C9 120 11 11 40 
C1 140 11 11 26 
C1,160 11 11 46 
C9 180 11 11 48 
C1,200 11 11 32 
C9,220 11 11 46 
C,240 11 11 34 
C9,260 11 11 44 
C1,280 11 11 38 
C,-300 11 11 42 
D3,-20 11 11 40 
D,20 10 10 40 
D, 40 11 11 30 
D, 60 11 11 40 
D, 80 12 11 36 
D9100 11 11 44 
D9 120 11 11 40 
D9 140 11 11 34 
D,160 10 11 42 
D9180 11 11 36 
D9200 11 11 24 
D9220 11 11 44 
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TABLE 8 (Continued) 

DIRECT RADIATION LEVELS MEASURED 
AT GRID LINE INTERSECTIONS ON THE STABILIZATION PILE 

Grid Exposure Rate Exposure Rate Dose Rate 
Location at 1 m at Surface at Surface 

(jR/h) (siR/h) (rad/h) 

D9240 11 11 58 
D,260 11 11 48 
D9 280 11 11 42 
D,-300 12 11 38 
E,-20 11 11 40 
E, 20 11 11 36 
E, 40 11 11 40 
E, 60 11 11 40 
E, 80 11 11 38 
E1,100 11 11 36 
E1 120 11 10 50 
E9 140 11 11 40 
E1 160 11 11 40 
E1 180 10 11 46 
E9,200 11 11 26 
E9,220 10 11 32 
E,240 11 11 42 
E,260 10 10 46 
E9280 11 11 24 
E,-300 11 11 46 
F9-20 11 11 36 
F, 20 12 12 48 
F, 40 12 12 38 
F, 60 12 12 42 
F, 80 12 12 40 
F1 100 11 11 - 42 
F9 120 12 12 34 
F9 140 12 12 32 
F,160 12 12 36 
F9180 12 12 34 
F,200 11 12 30 
F9220 12 11 22 
F9240 11 12 30 
F9260 11 11 36 
F,280 10 11 40 
F,-300 11 12 30 
G,-20 11 11 36 
G, 20 12 12 40 
G, 40 11 12 48 
G, 60 11 11 36 
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- TABLE 8 (Continued) 

DIRECT RADIATION LEVELS MEASURED 
AT GRID LINE INTERSECTIONS ON THE STABILIZATION PILE 

Grid Exposure Rate Exposure Rate Dose Rate 
Location at 1 m at Surface at Surface 

(DR/h) (siR/h) (iirad/h) 

G, 80 12 11 38 
G,IOO 12 12 46 
G,120 12 12 38 
G,140 12 12 46 
G,160 12 12 42 
G,180 12 12 46 
G,200 12 12 48 
G,220 12 12 44 
G9 240 12 12 40 
G,260 11 11 46 
G,-300 11 11 48 
.H,-20 11 11 44 
H, 40 12 12 36 
H, 60 12 12 40 
H, 80 12 12 24 
H9 100 12 12 46 
H,120 12 12 54 
H, 140 12 12 40 
H,160 12 12 40 
H9 180 12 12 26 
H9200 12 12 44 
H9220 12 12 36 
H9240 12 12 34 
H,260 12 12 42 
H,-300 11 11 44 
I,-20 10 11 40 
I, 40 11 12 46 
1,60 11 12 40 
I, 80 12 12 34 
1,100 12 12 36 
19120 12 12 36 
19140 11 11 40 
19 160 11 11 40 
19 180 11 12 38 
19200 12 12 46 
1,220 12 12 52 
19240 12 12 42 
I9-300 11 10 30 
J, 60 11 11 38 
J, 80 11 12 44 
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- TABLE 8 (Continued) 

DIRECT RADIATION LEVELS MEASURED 
AT GRID LINE INTERSECTIONS ON THE STABILIZATION PILE 

Grid Exposure Rate Exposure Rate Dose Rate 
Location at .1 m at Surface at Surface 

(iR/h) (jR/h) (prad/h) 

J,100 12 12 28 
J9120 11 11 38 
J,140 12 12 48 
J9160 12 12 30 
J9180 12 12 36 
J,200 11 12 40 
J9220 12 12 42 
J9-300 10 10 40 
K9140 11 11 36 
K,160 11 11 36 
K9 180 12 12 42 
K9200 11 11 32 
K9-300 11 12 46 

-L,-20 11 12 48 
-L, 40 11 12 44 
-L, 60 11 11 46 
-L, 80 10 11 34 
-L9 100 10 10 36 
-L9 120 10 11 44 
-L9140 12 12 36 
-L9 160 11 11 30 
-L9 180 12 12 42 
-L9--300 12 12 30 

a Refer to Figure 8. 
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TABLE 9 

DIRECT RADIATION LEVELS 
MEASURED ALONG THE RAVINE 

Distance Along 5 m West of Ravine Center Center of Ravine 5 m East of Ravine Center 
the Ravinea Exposure Rate (DR/h) Exposure Rate (DR/h) Dose Rate (prad/h) Exposure Rate (pR/h) 

(m) 1 m Surface 1 m Surface Surface 1 m Surface 

0 12 12 14 15 38 14 13 
20 18 19 19 20 66 12 12 
40 18 17 14 14 40 13 13 
60 15 15 14 13 48 14 14 
80 15 15 13 13 32 19 17 
100 19 19 15 13 41 14 15 
120 17 17 15 15 43 14 14 
140 15 15 15 16 56 12 12 
160 15 15 13 14 54 15 16 
180 16 17 13 13 42 13 14 
200 17 16 14 15 49 12 13 
220 14 15 14 13 45 12 12 
240 15 15 13 13 44 13 14 
260 15 15 16 16 47 12 12 
280 11 11 15 17 44 13 15 
300 12 11 18 19 48 15 15 
320 15 15 17 18 51 I. 19 
340 16 15 19 19 45 17 19 
360 15 17 19 20 67 14 16 
380 15 15 17 18 58 15 16 
400 12 12 13 17 47 15 17 

a Refer to Figure 9. 



TABLE 10 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
COLLECTED FROM THE PAD AREA 

Grid Sample 
Locationa Description Th-232 

Radionuclide Concentrations (pCi/g) 
Th-228 Total ThoriumC Ra-226 U-238 

A, 0 Surface 1.76 + 0•45b 1.98 ± 0.42 3.74 1.07 + 0.24 0.75 
A, 40 5.91 + 0.78 6.23 + 0.92 12.1 2.50 + 0.44 <5.44 

80 4.75 + 0.81 4.81 + 0.68 9.56 2.14 + 0.39 <5.51 
A,160 0.84 + 0.41 1.08 + 0.33 1.92 0.62 + 0.27 0.85 

20 2.94 0.54 3.13 0.65 6.07 1.64 0.36 <5.31 
B, 60 0.54 + 0.40 0.63 + 0.21 1.17 0.54 + 0.18 3.70 -t- 10.3 
B0 100 1.70 + 0.45 1.59 + 0.33 3.29 0.82 + 0.26 6.60 + 1.06 
B,140 6.39 -F 1.08 3.90 + 0.81 10.3 2.44 + 0.44 <6.10 
C, 0 4.11 + 1.17 4.20 i- 0.75 8.31 2.96 + 0.47 <5.60 
C, 40 0.54 -F 0.24 0.41 + 0.33 0.95 0.41 + 0.14 <2.39 
C, 80 " 1.81 + 0.52 2.34 -F 0.45 4.15 1.12 7 0.23 <4.26 
C,120 0.82 + 0.37 0.87 + 0.27 1.69 0.59 -F 0.24 0.46 
C9 160 ' 2.18 + 0.63 2.31 + 0.42 4.49 1.18 -F 0.25 0.73 
D, 0 1.66 + 0.49 0.90 -F 0.30 2.56 0.61 + 0.14 0.11 
D, 40 2.34 + 0.45 1.81 + 0.52 4.15 1.13 + 0.23 0.31 

80 - 0.43 + 0.29 0.51 + 0.18 0.94 0.43 + 0.13 <2.89 
- D,140 1.81 -F 0.52 2.31 -F 0.45 4.12 1.12 + 0.23 0.90 

20 1.81 - 0.52 2.34 + 0.45 4.15 1.12 -F 0.23 0.75 
E, 60 0.95 -F 0.33 0.81 - 0.30 1.76 0.64 -F 0.21 <2.81 
E,140 0.79 + 0.46 0.87 - 0.24 1.66 0.74 + 0.17 0.00 
E,164 1.49 + 0.43 1.38 + 0.33 2.87 0.90 + 0.23 0.68 
F, 20 0.70 -'- 0.50 0.72 + 0.33 1.42 0.86 + 0.18 0.53 
F, 60 0.91 + 0.23 0.78 0.18 1.69 0.63 + 0.12 <2.54 
F9,100 0.75 + 0.25 0.96 -4- 0.21 2.52 0.60 + 0.13 <2.44 
F9 140 0.65 + 0.33 0.90 -i- 0.27 1.55 0.58 + 0.19 0.87 
C, 0 3.52 + 0.69 3.42 + 0.72 6.94 1.81 + 0.35 <4.70 



TABLE 10 (ContInued) 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
COLLECTED FROM THE PAD AREA 

Grid Sample Radionuclide Concentrations (pCi/g) 
Location Description Th-232 Th-228 Total Thorium Ra-226 U-238 

G, 21 2.26 + 0.53 2.34 + 0.48 4.60 1.30 + 0.26 9.89 + 9.41 
40 0.41 + 0.37 0.63 + 0.27 1.04 0.42 + 0.14 <2.86 

C, 80 0.73 + 0.41 0.78 + 0.30 1.51 0.62 + 0.17 <2.77 
G,120 Surface 0.81 + 0.37 0.93 + 0.27 1.74 0.61 + 0.20 0.61 

G+59 130 90 cm 4.92 + 0.62 4.86 + 0.54 9.78 1.01 + 0.29 <4.11 
C+159 135 to 0.73 + 0.29 0.69 i- 0.30 1.42 0.51 + 0.16 0.55 
G+150 145 of 0.81 + 0.25 0.87 + 0.24 1.68 0.49 + 0.17 <2.09 

21 Surface 2.04 + 0.49 2.22 + 0.4.2 6.26 0.80 + 0.25 0.94 
H, 40 0.92 + 0.34 0.78 + 0.24. . 1.70 0.47 + 0.17 4.64 + 8.33 
is 0 1.00 + 0.36 1.14. T 0.30 .2.14 0.71 + 0.24 <2.47 
I, 80 1.18 + 0.42 1.38 + 0.39 2.56 0.81 + 0.29 <4.38 
19 120 2.28 + 0.55 2.55 10.45 4.83 0.88 + 0.27 <4.42 

1+35, 40 0.80 + 0.24 0.93 + 0.21 1.73 0.66 + 0.18 <2.63 
J 9 120 1.03 + 0.54 1.05 + 0.27 2.08 0.64 + 0.18 <4.02 
J 1,140 0.40 + 0.31 0.66 + 0.27 1.06 0.56 + 0.18 <2.75 
J,155 1.57 0.50 1.83 0.36 3.40 0.89 + 0.21 <2.87 
K, 60 1.89 + 0.44 1.86 + 0.36 3.75 0.68 + 0.22 0.02 

80 3.00 + 0.50 3.00 + 0.42 6.00 1.25 + 0.25 0.20 
0 2.27 + 0.47 1.29 + 0.33 3.56 2.34 + 0.31 <4.50 

L,120 1.96 + 0.39 1.83 + 0.30 3.79 0.77 + 0.19 . <2.72 
L9 140 5.53 + 0.75 5.13 + 0.60 10.7 0.94 + 0.26 <4.65 

L+59  40 1.48 T 0.34 1.32 + 0.30 2.80 0.69 + 0.22 <2.96 

a Refer to Figure 12. 
b Errors are 2o based on counting statistics. 
C Th-232 + Th-228. 



TABLE 11 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
COLLECTED FROM THE STABILIZATION PILE 

Grid Radionuclide Concentrations (pCi/g) 
Locattona Th-232 Th-228 Total ThoriumC Ra-226 U-238 

-A-i-b, 0 0.91 + 0•34b 1.44 + 0.30 2.35 0.99 + 0.20 <2.98 
-A-t-10, 80 0.89 + 0.28 0.81 + 0.24 1.70 0.46 + 0.15 <2.98 
-A+10,120 1.22 + 0.33 1.14 ± 0.33 2.36 0.73 + 0.21 <2.85 
-A+101 160 0.54 + 0.26 0.54 + 0.21 1.08 0.43 + 0.16 <2.46 
-A+10,200 0.74 + 0.31 0.66 + 0.24 1.40 0.49 + 0.13 <2.72 
-A+10,240 0.89 + 0.3 1.05 4- 0.30 1.94 0.66 + 0.22 <2.72 

-A,280 0.86 + 0.34 0.75 + 0.27 1.61 0.46 + 0.17 5.07 + 9.74 
-A,-300 1.25 -4- 0.30 0.63 + 0.24 1.88 0.62 - 0.17 067 

co A,-18 2.11 + 0.42 2.43 + 0.39 4.54 1.19 + 0.23 0.42 
A, 0 1.04 + 0.33 0.69 -F 0.24 1.73 0.48 + 0.18 <2.76 
A, 40 0.79 + 0.27 0.63 + 0.21 1.42 0.34 + 0.16 0.15 
A, 80 0.75 -F 0.27 0.60 ± 0.21 1.35 0.43 + 0.17 <2.26 
A,120 1.12 + 0.33 0.69 T 0.27 1.81 0.56 + 0.16 <2.09 
A,160 0.74 + 0.43 0.75 + 0.30 1.69 0.47 ± 0.17 <2.66 
A,200 0.87 + 0.36 1.02 ± 0.27 1.89 0.50 + 0.19 <2.62 
A,240 0.85 + 0.28 0.78 4- 0.24 1.63 0.60 + 0.18 <2.71 

A+5,280 1.21 + 0.51 1.18 + 0.34 2.39 0.82 + 0.30 <4.05 
C,-20 0.79 - 0.37 0.96 ± 0.27 1.16 0.59 + 0.17 0.26 
C, 3.5 0.89 -f 0.38 0.92 + 0.32 1.81 0.80 + 0.29 <4.77 
C, 40 0.82 + 0.57 0.93 -I- 0.30 1.75 0.73 + 0.19 <4.27 
C, 80 0.66 + 0.43 0.69 + 0.27 1.35 0.53 + 0.19 <2.12 
C,120 0.64 + 0.28 0.84 + 0.27 1.48 0.59 + 0.16 4.65 + 6.56 
C1,160 0.85 + 0.38 0.87 ± 0.27 1.72 0.62 + 0.16 4.05 ± 6.92 
C,200 0.96 + 0.37 0.90 -f 0.30' 1.86 0.55 + 0.19 <4.21 
C 3,240 1.03 + 0.33 ' 0.87 -i- 0.27 1.90 0.59 + 0.17 0.29 
C9,280 0.96 + 0.32 0.78 + 0.27 1.74 0.60 + 0.21 0.41 



TABLE 11 (Continued) 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
COLLECTED FROM THE STABILIZATION PILE 

Grid Radionuclide Concentrations (pCi/g) 
Location Th-232 Th-228 Total Thorium Ra-226 11-238 

C,-300 1.18 + 0.44 0.90 + 0.27 2.08 0.54 + 0.17 0.71 
E,20 0.68 ± 0.31 0.69 ± 0.27 1.37 0.51 + 0.19 0e43 

E, 11.5 0.97 + 0.34 1.20 ± 0.30 2.17 0.59 +  0.18 <2.72 
E, 40 0.77 + 0.33 0.84 + 0.24 1.61 0.59 + 0.18 <2.74 
E, 80 0.78 + 0.48 0.78 + 0.30 1.56 0.63 + 0.19 0.19 
E,120 1.29 + 0.45 0.90 + 0.45 2.19 0.69 + 0.29 <2.85 
E0 160 0.66 0.31 0.81 + 0.27 1.47 0.59 + 0.15 <2.72 
E,200 0.86 + 0.37 1.02 + 0.30 1.88 0.81 + 0.21 0.09 
E,240 0.74 7 0.31 0.57 + 0.30 1.31 0.44 + 0.13 <2.67 
E9280 1.02 + 0.30 0.96 + 0.30 1.98 0.70 + 0.20 <2.49 
E,-300 0.63 7 0.26 0.45 + 0.27 1.08 0.53 + 0.15 <2.53 
G,-20 0.58 + 0.43 0.66 + 0.27 1.24 0.50 ± 0.15 <2.3 
G, 20 1.40 + 0.48 0.93 + 0.30 2.33 0.64 + 0.18 <4.29 
C, 40 0.90 + 0.28 0.81 + 0.24 1.71 0.53 4- 0.18 <2.89 
C, 80 0.97 + 0.27 0.81 + 0.27 1.78 0.49 + 0.14 6.47 + 7.36 
C,120 0.89 + 0.26 0.75 + 0.21 1.55 0.53 + 0.14 0.92 
G9,160 1.03 + 0.31 0.87 + 0.27 1.90 0.62 + 0.18 0.03 
G0200 1.05 + 0.30 1.08 + 0.27 1.13 0.62 1- 0.17 <4.43 
G0 240 0.78 + 0.40 0.78 + 0.24 1.56 0.58 + 0.16 0.20 
G1,266 1.30 - 0.41 1.02 + 0.98 1.32 0.66 + 0.16 <2.44 
G,-300 0.79 0.38 0.69 + 0.27 1.48 0.49 4- 0.17 0.89 
1,-20 0.74 + 0.26 0.60 + 0.24 1.34 0.55 + 0.16 0.66 
1, 26 1.07 0.35 0.99 + 0.27 2.06 0.58 + 0.20 <2.95 
1, 40 1.20 + 0.60 0.99 i- 0.39 2.19 0.08 + 0.24 <4.34 
19 80 0.99 T 0.65 0.75 4- 0.48 1.74 0.59 T 0.22 <4.03 
1,120 0.71 + 0.31 0.69 + 0.27 1.40 0.58 + 0.15 0.30 



TABLE 11 (Continued) 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
COLLECTED FROM THE STABILIZATION PILE 

Grid Radionuclide Concentrations (pCi/g) 
Location Th-232 Th-228 Total Thorium Ra-226 11-238 

10 160 0.82 + 0.30 0.69 + 0.27 1.51 0.56 + 0.16 0.20 
1,200 1.04 + 0.38 1.05 + 0.27 2.09 0.67 + 0.14 0.16 
19,240 1.10 + 0.36 0.84 ± 0.30 1.94 0.60 + 0.17 <2.80 

1+14, 40 0.73 + 0.30 0.78 + 0.24 1.51 0.57 + 0.15 0.20 
1,-300 0.63 0.26 0.45 T 0.27 1.08 0.53 + 0.15 <2.53 

J-s-9 1 80 0.89 + 0.29 0.57 + 0.27 1.46 0.51 ± 0.15 <2.35 
J+18,120 0.77 + 0.29 0.90 + 0.30 1.67 0.51 + 0.17 <2.59 

J,-300 0.33 -F 0.33 0.45 -4- 0.24 0.78 0.34 + 0.14 <2.78 
Ln K1,160 1.07 - 0.42 0.96 + 0.30 2.03 0.53 + 0.16 0.01 

K,200 0.63 -e- 0.27 0.66 - 0.12 1.29 0.40 -I- 0.16 <2.79 
K,-300 0.64 -i- 0.30 0.75 + 0.27 1.39 0.41 + 0.15 <2.57 
-L, 40 0.87 + 0.28 0.96 -F 0.21 1.83 0.50 -F 0.15 0.25 
-L, 80 0.81 -I- 0.27 0.54 - 0.21 1.35 0.53 + 0.17 0.27 
-L,120 1.07 + 0.43 0.63 + 0.30 1.70 0.46 + 0.18 <2.91 
-1,,160 0.71 + 0.42 0.51 + 0.4 1.22 0.40 + 0.13 <2.99 
-1,9 180 1.19 + 0.40 1.05 -F 0.42 2.24 0.74 -F 0.22 0.80 
-L,-300 1.12 ± 0.36 1.29 ± 0.33 2.41 0.71 + 0.21 <4.06 

a Refer to Figure 14. 
b Errors are 2a based on counting statistics. 
C Th-232 + Th-228. 



TABLE 12 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
COLLECTED FROM THE RAVINE 

Distance 
Along the 
Ravine (m)a  

Sample 
Description Th-232 

Radionuclide Concentrations (pCi/g) 
Th-228 Total ThoriumC Ra-226 U-238 

O Surface 1.40 + 051b 1.48 + 0.38 2.88 0.60 + 0.20 7.12 + 7.75 
O 90 cm <0.19 0.67 + 0.24 0.67 0.36 + 0.19 <2.99 
20 Surface 2.01 + 0.44 1.80 + 0.39 3.81 0.62 + 0.19 <2.71 
40 0. 0.21 + 0.30 0.36 + 0.20 0.57 0.28 + 0.15 0.95 
60 It 0.52 + 0.31 0.48 4- 0.21 1.0 0.44 + 0.15 <2.81 
80 0.60 + 0.29 0.54 + 0.30 1.14 0.45 + 0.15 <2.81 
100 1.19 1 0.33 1.35 i- 0.27 2.54 0.61 T 0.16 0.36 
120 1.59 -I- 0.36 1.53 4- 0.33 3.12 0.64 - 0.17 0.45 
140 3.28 + 0.53 2.40 + 0.57 5.68 0.73 0.22 <4.34 
160 1.68 + 0.46 1.80 + 0.33 3.48 0.63 -I- 0.23 <2.72 
180 0.75 + 0.39 1.23 + 0.30 1.98 0.85 + 0.19 0.75 
200 2.80 + 0.74 2.67 4- 0.59 5.47 1.34 4- 0.33 <5.34 
200 60 cm 4.93 + 0.83 1.05 + 0.41 5.98 0.87 + 0.27 0.69 
220 Surface 0.70 + 0.34 0.69 ± 0.24 1.39 0.42 + 0.21 0.40 
240 0.94 4- 0.36 1.14 + 0.24 2.08 0.57 1- 0.14 <2.04 
260 2.02 + 0.40 2.07 + 0.45 4.09 0.63 + 0.20 0.97 
280 2.13 4- 0.51 2.01 + 0.36 4.14 0.65 + 0.19 <4.12 
300 2.51 + 0.48 2.49 + 0.48 5.00 0.75 + 0.24 0.85 
320 1 2.58 + 0.68 2.85 + 0.42 5.43 0.77 + 0.26 <4.21 
340 2.91 + 0.66 2.76 + 0.42 5.67 0.89 + 0.24 0.84 
360 3.34 + 0.70 3.42 + 0.45 6.76 0.82 + 0.24 0.92 
380 1.94 4- 0.45 1.71 + 0.42 3.65 0.49 + 0.20 4.34 + 7.63 
400 1.65 + 0.71 1.44 + 0.42 3.09 0.78 + 0.25 6.25 
400 90 cm 1.10 + 0.38 1.13 + 0.35 2.26 0.79 + 0.27 0.95 

a Refer to Figure 13. 
b Errors are 2o based on counting statistics. 
c Th-232 + Th-228. 



TABLE 13 

RADIONUCLIDE CONCENTRATIONS IN SOIL SAMPLES 
FROM AREAS OF ELEVATED DIRECT RADIATION LEVELS 

ALONG THE RAVINE 

Distance (m) Radionuclide Concentrations (pCi/g) 

Along From Th-232 Th-228 Total Thoriumc Ra-226 U-238 

Ravine Ravine Ctr 

-5 7 East 21.1 + 13b 20.6 + 1.1 41.7 6.23 + 0.58 18.3 + 17.9 
197 10 West 34.1 2.3 25.9 + 2.3 60.0 3.56 + 0.75 <12.6 

a Refer to Figure 13. 
b Errors are 2a based on counting statistics. 
c Th-232 + Th-228. 
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TABLE 14 

RADIONUCLIDE CONCENTRATIONS IN SEDIMENT SAMPLES 
COLLECTED ON THE AMAX PROPERTY AND ALONG THE OHIO RIVER 

Sample Radionuclide Concentrations (pCilg) 
Locationa Th-232 Th-228 Total Thoriunf Ra-226 U-238 

Ohio River 

1 At Outfall 16.2 + 121b 14.9 + 0.95 31.1 4.87 + 0.56 16.5' +16.9 
2 40 m 0.93 0.32 0.86 + 0.27 1.79 0.73 + 0.17 <2.30 

Downstream 
3 60 m 0.68 + 0.31 0.74 + 0.29 1.42 0.57 + 0.15 <2.71 

Downstream 

Storm Sewer 

4 81.0 + 2.2 83.0 + 1.8 164 18.7 + 1.1 23.8 + 23.4 
5 71.9 2.0 67.8 + 1.6 140 26.0 + 0.8 62.1 + 25.5 
6 0.53 + 0.17 0.45 < 0.98 <0.09 <2.15 
7 2.32 + 0.50 2.43 + 0,47 4.75 0.73 + 0.28 7.7 + 12.0 

a ReferS to Figure 15. 
b Errors are 2a based on counting statistics. 
c Th-232 + Th-228. 
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TABLE 15 

RADIONUCLIDE CONCENTRATIONS IN WATER 
SAMPLES 

Sample Radionuclide Concentrations (pci/i or x IO i.iCi/ml) 
Locationa Gross Alpha Gross Beta 

Storm Sewer: 

1 filtrate <2.91 <4.72 
1 filter <0.02 0.33 + 006b 

Well: 

8 0.68 + 0.71 3.03 + 0.56 

a Refer to Figure 15. 
b Errors are 2a based on counting statistics. 
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CHRONOLOGY OF EVENTS 



APPENDIX A 

CHRONOLOGY OF EVENTS 

1957 Carborundum Company begins processing zircon ore to produce metal 

under contract from the Atomic Energy Commission. 

1961-62 Nigerian zircon ore containing up to 6% thorium (Th02) and up to 

0.2% uranium (UO2) is processed. 

1965-67 ANA.X Inc., and Carborundum Company operate the facility as a 

joint venture Carborundum Metals Climax. 

1967 ANAX Inc. becomes the sole owner of the facility. 

1968 The remains and processing residues of the Nigerian ore are 

removed from the site for burial. 

1969 Zirconium tetrachloride is substituted for zircon ore. 

1974 The processing of zirconium ceased. 

1977 An NRC inspection identified soil contaminated with residues of 

the Nigerian ore which is subsequently disposed of offsite. 

The site is sold to L.B. Foster Company for the construction of a 

pipe manufacturing plant. 

1978 Pyrophoric material is uncovered at the site. 

The property is repurchased by AHAX. 

A radiological survey of the site is performe by Chem-Nuclear 

Systems Inc. 

1979 L.B. Foster is leased portions of the site free of radioactive 

and pyrophoric material for the relocation of the pipe 

manufacturing plant. 

A-i 



1980 ANAX Inc. completes a plan for the onsite stabilization of the 

radioactive and pyrophoric contamination. 

1982 The Nuclear Regulatory Commission completes an environmental 

impact appraisal of the stabilization plan and gives its approval 

with certain provisions. 

The stabilization of the site is initiated and completed. 

Chem-Nuclear Systems Inc. provided the radiological data during 

these operations. Oak Ridge Associated Universities assessed 

this data and performed a post-stabilization survey of the site. 
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TABLE B-i 

ThORIUM DECAY SERIES 

Parent Half-Life Major 
Decay Products 

Daughter 

Thorium-232 14 billion years alpha Radium-228 

Radium-228 5.8 years beta Actiniu-228 

Actinium-228 6.13 hours beta, gawma Thorium-228 

Thorium-228 1.91 years alpha Radium-224 

Radium-224 3.64 days alpha Radon-220 

Radon-220 55 seconds alpha Polonium-216 

Polonium-216 0.15 seconds .lpha Lead-212 

Lead-212 10.6 hours beta, gaa Bismuth-212 

Bismu•th-212 60.6 minutes alpha (113)* Thallium-208 
beta (213)* Polonium-212 

Thallium-208 3.1 minutes beta, gamma Lead-208 

Polonium-212 0.0000003 seconds alpha Lead-208 

Lead-208 stable none none 

* Two decay modes are possible for Bismuth-212. 
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TABLE B-2 

URANIUM DECAY SERIES 

Parent Half-Life Major 
Decay Products 

Daughter 

Uranium-238 4.5 billion years alpha Thorium-234 

Thorium-234 24 days beta, gamma Protactiniutrt-234 

Protactinium-234 1.2 minutes beta, gamma lir3nium-234 

Uranium-234 250,000 years alpha Thorium-230 

Thorium-230 80,000 years alpha Radium-226 

Radium-226 1,600 years alpha Radon-222 

Radon-222 3.8 days alpha Polonium-218 

Polonium-218 3 minutes alpha Lead-214 

Lead-214 27 minutes beta, gamma Bismuth-214 

Bismuth-214 20 minutes beta, gamma Polonium-214 

Polonium-214 .0002 seconds alpha Lead-210 

Lead-210 22 years beta Bismuth-210 

Bismuth-210 5 days beta Polonium-210 

Polonium-210 140 days alpha Lead-206 

Lead-206 stable none none 
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APPENDIX C 

MAJOR ANALYTICAL EQUIPMENT 

The display or description of a specific product is not to be construed 

as an endorsement of that product or its manufacturer by the authors or 

their employer. 

A. Direct Radiation Measurements 

Eberline "RASCAL" 
Portable Ratemeter-Scaler 
Model PRS-1 
Beta-Gamma "Pancake" Probe, Model HP-260 
(Eberline Instrument, Sante Fe, NM) 

Eberline PRM-6 
Portable Ratemeter-Scaler 
Scintillation Probe, Model 489-55 
(Victoreen, Inc., Cleveland, OH) 

Eberline "Pancake" G-M Probe 
Model HP-260 
(Eberline, Sante Fe, NM) 

Victoreen Gamma Scintillation Probe 
Model 489-55 
(Victoreen, Cleveland, OH) 

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

Laboratory Analysis 

Ge(Li) Detector 
Model LGCC2220-SD, 23% efficiency 
(Princeton Gamma-Tech, Princeton, NJ) 

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

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

Intrinsic Germanium Detector 
Model LGC2525-SD/8 
(Princeton Gamma Tech, Princeton, NJ) 
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Used in conjunction with: 
Lead Shield, Model 121212-RT 
(Electronic Counter, Co., Okmulzee, OK) 

Pulse Height Analyzer, ND66 
Model 88-0629 
(Nuclear Data, Inc., Schaumburg, IL) 

Low Background Alpha-Beta Counter 
Model L35100-2080 
(Tennelec, Inc., Oak Ridge, TN) 

20 mg Californium-252 Source with Flexo-Rabbit 
Pneumatic Transfer System 
(Reactor Experiments, Inc., San Carlos, CA) 

Multichannel Analyzer 
Model TN-7200 
(Tracor Northern, Middleton,WI) 
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APPENDIX D 

Analytical Procedures 

Gaunna Scintillation Measurements 

Walkover surface scans and measurements of gamma exposure rates were 

performed using an Eberline PRN-6 portable ratemeter with a Victoreen Model 

489-55 gamma scintillation probe containing a 3.2 cm x 3.8 cm NaI(Tl) 

scintillation crystal. A graph of count rate (cpm) vs. exposure rate 

( .iR/h) was developed by comparing the response of the scintillation 

detector with that of a Reuter Stokes Model RSS-lll pressurized ionization 

chamber at several locations on the A}IAX property. This plot was used to 

convert the meter readings to exposure rates. 

Beta-Gamma Dose Rate Measurements 

Measurements were performed using Eberline "Rascal" Model PRS-1 

portable ratemeters with Model HP-260 G-M probes. Dose rates ( jrad/h) 

were determined by comparison of the response of a Victoreen Model 440 

ionization chamber survey meter to that of the G-M probes for a natural 

thorium source. 

Soil and Sediment Samples Analysis 

Most soil samples received from Chem-Nuclear during the confirmatory 

survey were prepared and analyzed at the Parkersburg site in the following 

manner. Samples were placed in a 0.5 liter Marinelli beaker, the quantity 

being chosen to reproduce the calibrated counting geometry. Net  weights, 

typically from 500 to 800 g of soil, were determined and the samples 

counted using an intrinsic germanium detector (Princeton Gamma Tech) 

coupled to a Nuclear Data model ND66 pulse height anlayzer. The following 

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

Th-232 - 0.911 MeV from Ac-228 (secular equilibrium assumed) 

Th-228 - 0.583 MeV from Tl-208 (secular equilibrium assumed) 
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Peak identifications were provided by computer analysis. Concen- 

tration caUculations were performed by hand. 

Some soil samples from the confirmatory survey and all the samples, 

soil and sediment, from the post-stabilization survey were analyzed at the 

laboratory in Oak Ridge. Sample preparation and analysis were similar to 

those performed at the site except samples were counted using a 23% Ge(Li) 

detector (Princeton Gamma Tech) coupled to a Nuclear Data model 680 pulse 

height analyzer. In addition to Th-228 and Th-232, the samples were also 

analyzed for Ra-226 and U-238. The following energy peaks were used: 

Ra-226 - 0.609 MeV from Bi-214 (secular equilibrium assumed) 

13-238 - 1.001 MeV from Pa-234 m (secular equilibrium assumed) 

Both peak identification and concentration calculations were provided 

by computer analyses. 

Selected soil samples were also analyzed for U-238 by neutron 

activation. Approximately 15-20 g of soil were irradiated for 15 minutes 

in a neutron flux of 108  n/cm2/sec. After a one minute wait time, the 

13-239 peak (74.6 keV) was counted for,  10 minutes and the 13-238 

concentration calculated. 

Water Samples 

Water samples were rough filtered through Whatman No. 2 filter paper. 

Remaining suspended solids were removed by filtration through 0.45 zm pore 

size membrane filters and the filtrate was acidified by the addition of 

10 ml of concentrated nitric acid. 

Gross Alpha and Gross Beta Analysis 

Fifty milliliters of each sample was evaporated to dryness. The dried 

samples and, in the case of the storm sewer sample, the filters, were 

counted on a Tennelec Model LB51QO low background proportional counter. 
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Errors and Detection Limits 

The errors, associated with the analytical data presented in the 

tables of this report, represent the 95% (2i) confidence levels for that 

data. These errors were calculated based on both the gross sample count 

levels and the associated background count levels. When the net sample 

count was less than the 2c statistical deviation of the background count, 

the sample concentration was reported as less than the minimum detectable 

activity (<MDA). This means that the radionuclide was not present, to the 

best of our ability to measure it, utilizing the analytical techniques 

described in this appendix. Because of variations in background levels 

caused by other constituents in the samples, the MDAs for specific 

radionuclides differ from sample to sample. 

Calibration and Quality Assurance 

Laboratory analytical instruments are calibrated using NBS-traceable 

standards. Portable survey instruments for exposure rate and dose rate 

measurements are calibrated by comparison of their responses to those of 

other instruments having NBS-traceable calibration. Field comparisons or 

comparisons using samples typical of the area are used to develop these 

calibrations. 

Quality control procedures on all instruments included daily 

background and check-source measurements to confirm equipment operation was 

within acceptable statistical fluctuations. The ORAIJ Laboratory 

participates in the EPA Quality Assurance Program. 
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Sumary 

Amax Inc. hasmade an application to the U. S. NRC for a license to 

stabilize its. Parkersburg West Virginia site, thereby reducing the risk to the 

public from the contaminated soils and pyrophoric materials which exist on the 

formerly used site". 

An environmental assessment of the proposed action has been prepared 

using some synthesized guidelines for evaluating the acceptability of the 

environmental impact. Synthesized guidelines were necessary because there is 

only a limited number of directly applicable NRC or EPA requirements. The 

guidelines were synthesized from proposed or actual NRC and EPA regulations 

applicable to similar problems such as low-level waste management, mill tailing 

stabilization, and hazardous waste management. 

The proposed action involves, the consolidation of contaminated soils 

into an area containing the pyrophoric material and placing this material in a 

mound which will be capped with clay and protective top soil. This action is 

intended to 1) reduce or eliminate leaching of the contaminated material, 2) 

reduce emission of radon from the ground surface, 3) prevent erosion and 

dispersion of surface activity, and 4) eliminate the potential for contact with 

the pyrophoric material. 

An estimation of the radiological, consequences associated with the 

proposed action was made as part of the assessment. This analysis showed three 

things. 

1), The current emissions of radon from the site are 
producing low levels of radiation exposure to the nearest 
residents. 

2) The planned site stabilization activities are expected to 
result in a temporarily increased level of radiation exposure 
as a result of dust generated during the stabilization 
activities. 
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3) After site stabilization, the radiation exposures from 
the stabilized site are expected to decrease to near natural 
background levels. 

The pyrophoric material which is currently buried on the site and which 

will be covered with contaminated soil in the proposed action is expected to 

oxidize slowly to ZrO2. This will result in a gradual reduction of amount of 

chemically hazardous material. 

In the process of conducting the environmental assessment, analysis of 

possible off-normal situations was performed. The most significant accident of a 

radiological nature that was examined involved the postulated degradation of 

integrity of the clay .cover with resultant increased leaching of containment 

materials. 

Based on analysis conducted as part of this environmental assessment, 

the following conclusions are drawn. 

1. The proposed action does reduce direct radiation 
exposure, the amount of radionuclide leaching, the rate of 
radon-226 emission and the potential for surface 
contamination erosion and dispersion. Furthermore, it 
reduces the potential for personnel coming in contact with 
the slowly-oxidizing zirconium waste. 

During this activity several precautions should be 
exercised to reduce the dose consequences to personnel 
involved in the stabilization and to nearest residents. 
These precautions should include the use of water or. similar 
agents to minimize dusting, the use of dust masks for site 
construction personnel and suspension of work when wind 
conditions are such that the nearest residents could receive 
significant dust exposures. 

The stabilization action should seek to minimize the use 
of organic materials in the soil mound so as to minimize the 
generation of water soluble organic compounds which could 
function as complexing agents and reduce the radionuclide 
retardation potential of the natural soil. 

Action should be taken to render the buried drainage tile 
system to a stable condition. This is necessary to assure 
that existing contamination is not washed from the system. 
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5. A maintenance and monitoring program should be 
implecnentéd following stabilization to assure that the 
stabilized area retains its design features. This program 
should also check that deep-rooted plants are not established 
on the cap. GroUndwater monitoring should be. continued to 
verify the performance of the cap. Care Should be taken to 
assure that no major water pumping is performed in the area 
without strict and frequent sampling of groundwater 
monitoring wells during such activity. 
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1.0 PURPOSE AND NEED FOR THE PROPOSED ACTION 

Amax Inc. presently owns a 375-acre site in Wood County, West 

Virginia, a portion of which was occupied by a zirconium ore processing facility. 

When test activities were ceased in 1977 and Amax decided to close the 

Parkersburg W.Va. site, an NRC site survey was conducted. This survey identified 

some soil activity levels which result in unrestricted area dose levels above the 

acceptable limits of the Code of Federal Regulations, Title 10, Part 20, Section 

105 (10 CFR 20.105). There is a need for Amax to take action to reduce these 

unrestricted area dose levels. Amax has. applied for a new possession only 

license for the purpose of effecting a site stabilization project which will 

provide for the safe storage of the contaminated soil on the site previously 

occupied by the zirconium processing operations. 

The proposed stabilization project is to provide for protection of 

health, to minimize danger to life,,  and to restore a major portion of the land 

area to unrestricted or productive uses. 
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2.0 THE ASSESSMENT 

2.1 SCOPE 

This environmental assessment of the proposed Amax site stabilization 

project has been performed. in accordance with the requirements of the Code of 

Federal Regulations, Title 10, Part 51 llw (10CFR 51) "Licensing and Regulatory 
Policy and Procedures for Environmental Protection." Part 51.5 (b) 4 (iii) lists 

radioactive waste disposal as an activity which may require an environmental 

impact statement (EIS). This report is an environmental assessment which 

examines the proposed action and provides.a basis for the decision regarding the 

necessity of an EIS. The requirements of 10 CFR 51.31 stipulate an environmental 

assessment is to be used by the Nuclear Regulatory Comission (NRC) staff as an 

aid and a basis for deciding whether to prepare an EIS or to issue a negative 

declaration. 

This assessment addresses several issues, only some of which are 

directly covered by existing legislation or guidelines for repositories 

specifically designed, constructed and operated for the disposal of radioactive 

and other hazardous substances (in this case, contaminated earth and pyrophoric 

material). Therefore, guidelines for use in this assessment were developed 

through synthesis of the Federal regulations, proposed rules and reports which 

are listed and exerpted or paraphrased below. 

o Federal Register 6/24/81 p  38081-38105 "Proposed Rulemaking 
on Land Disposal of Low-Level Radioactive Waste." This 
proposed rule states NRC's planned approach to evaluating 
shallow land burial sites and operation. These rules address 
many requirements and practices which are thought to be very 
similar to those involved in the proposed action. 

o 40 CFR 190 "Environmental Radiation Protection Standards for 
Nuclear Power Operations." While this is not applicable to 
operations of site stabilization activities, this standard 
does define a generally applicable dose limit of 25 mrem/yr 
whole body, 75 mrem/yr thyroid and 25 mre.m/yr to any other 
organ of the general public due to routine operations (i.e., 
chronic exposure). It appears reasonable to apply such 
operational standards to the proposed action. 
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o Federal Register 1/9/81 p  2556-2563 "Proposed Disposal 
Standards for Inactive Uranium Processing Sites." This 
specifies groundwater protection standards which are applied 
at 0.1 km from a tailings disposal pile and thereby 
establishes guidelines for an operation such as the Amax site 
stabilization project which involves similar waste and 
similar long-term safety concerns. 

a 10 CFR 20 "Standards for Protection Against Radiation." This 
specifies concentration and dose limits for a wide variety of 
licensed activities and the "as low as reasonably achievable" 
philosophy. These guidelines and concepts are applicable 
throughout the fuel cycle and are expected to be applicable 
for site stabilization operations. 

o Federal Register notifications relative to the implementation 
of the Resource Conservation and Recovery Act of 1976 and its 
amendments. The primary Federal Register notices of concern 
here have been December 18, 1978 p  58946-59028; May 19, .1980 
p 33159-33258; January 12, 1981 p  2802-2897; and February 5, 
1981 p  11126-11177. These identify issues of concern in the 
management of hazardous waste in landfill (shallow land) 
disposal sites. The concerns related to hazardous waste 

• disposal are similar to those appropriate to low-level and 
reactive wastes found at the Amax site. These Federal 
Register notices serve to identify reasonable approaches to 
the waste disposal concerns. 

a Final Generic Environmental Impact Statement on Uranium 
Milling, NUREG-0706. This report, by the U.S. Nuclear 
Regulatory Comission, identifies the hazards and analytical 
methods appropriate for a waste which is somewhat similar to 
the Amax wastes. The report is related to the Federal 
Register notice of 1/9/81 for the disposal of mill tailings. 

o Improvements Needed in the Land Disposal of Radioactive 
Wastes - A Problem of 7enturies. GAO report to Congress dated 
12 January 1976. This report reviewed the historical 
performance of several shallow land burial operations and 
made recomendations for future activities by NRC. Some of 
these concerns are still relevant. Among the points it 
highlights is the need for sites which have simple geologic 
and hydrologic characteristics so that safety analysis can be 
performed with a reasonable level of confidence. 

o • U.S. NRC Branch Technical Position on the Disposal Onsite 
Storage of Residual Thorium or Uranium From Past Operations 
(SEC 81-576) October 5, 1981. This paper to the NRC 
comissioners identifies performance and to some degree 
design standards which the NRC Staff intends to use in 
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evaluating action plans for sites with residual uranium or 
thorium contamination. 

The synthesis resulted in development of several specific criteria. These 

criteria are presented in the following paragraphs and are grouped into four 

general phases: Site Selection, Construction, Containment, and Site Release. 

Site selection 

The site should be selected such that it is: 

o of relatively uncomplicated geological and hydrological 
features so that reasonable quantitative analysis is 
possible. 

o easily and rapidly drained of rainwater and snow melt. 

Construction - 

During construction of the burial mound certain activities should be 

pursued to assure that performance of the stabilized mound will be compatible 

with design dbjectives. The specific actions considered to be necessary are to: 

o control of dust to minimize on- and off-site doses. 

o verify extension of the clay cap down to the gravel-sand 
layer to assure that lateral movement of water into the 

- contaminated soil is not possible. 

o verify the operation of the drainway around the mound to 
assure that standing water does not exist. 
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Containment 

Continuing and periodic monitoring of the burial site will be required 

to assure that the engineered and natural barriers which limit material transport 

remain in place and are working properly. These activities consist of: 

o maintenance activities such as inspection for erosion and 
removal of undesirable plants such as deep-rooted vegetation 
or trees 

o monitoring of the annual dose to the nearest actual resident. 
It should be less than 25 mrem whole body, 75 mrem to the 
thyroid and 25 mrem to other organs. 

o monitoring the groundwater at the plant boundary to assure 
that it does not exceed the limits in the National Primary 
Drinking Water Standard or 10 CFR 20 Appendix B. 

Site Release 

The removal of contaminated material must proceed until activity levels 

low enough so that the site can be released for unrestricted use. The levels of 

activity which are acceptable for release are based on the levels specified in 

NRC branch' technical position for disposal or onsite storage of residual thorium 

or uranium from past operations, i.e., 10 pCi/gm total activity level. 

2.2 ACTIVITIES 

During preparation of the assessment, applicable Federal and State 

legislation and Federal guidelines were reviewed. Appropriate Federal and State 

agencies were contacted in person, by phone or mail. Conferences were held with 

Amax personnel and consultants. A site inspection, including surrounding areas 

and comunities, was conducted. Data from the site visit, personal contacts and 

independent investigation were collected, evaluated and analyzed for 

incorporation into the final assessment. 



2.3 ORGANIZATION 

This assessmen.t is organized according to the guidelines established by 

the President's Council on Environmental Quality (40 CFR 1506) and the 

requirements of the U.S. Nuclear Regulatory Comission (10 CFR 51). Part 3.0 

describes the Proposed Action, including alternatives. Part 4.0 identifies the 

environmental components affected by the proposed action and the alternatives, 

and evaluates, in qualitative terms, the proposed and alternative actions. Part 

5.0 addresses the environmental consequences of the Proposed Action. These parts 

are followed by an Appendix A which supports Section 4.0 in that it contains an 

identification and justification of environmental "non-issues" in this 

assessment; Appendix B which presents details of the leaching and water transport 

analysis; and Appendix C which presents details of the radon emission 

calcul ations. 



3.0 PROPOSED ACTION AND ALTERNATIVES 

A description of the existing site, environmental characteristics, 

relevant site history, and details of the proposed action are presented in 

Section 3.1. Possible alternative actions are identified and briefly described 

in Section 3.2. This information serves as a data base for the identification of 

environmental components which would be affected by both the proposed action and 

the alternatives. The identification of those environmental components are 

presented in Section 4. 

3.1 PROPOSED ACTION 

The soil at a number of locations on the Amax site in Wood County, West 

Virginia has been found to be contaminated with low levels of natural uranium and 

thorium as a result of previous zirconium ore processing activities. 

Investigations of the site have also indicated the presence of pryophoric 

material. The proposed action is to stabilize the radioactively contaminated 

soil and the reactive (pyrophoric) waste material so that major portions of the 

site may be restored to productive, unrestricted use. The basic plan is to move 

contaminated soil to a limited area where additional contaminated soil exists and 

the pyrophoric material is buried. A clay cap with a protective earthen cover 

will then be constructed to cover the material and minimize rainwater 

infiltration and leaching of the radioactivecontaminants. 

A brief discussion of the site and the surrounding area is presented in 

Subsection 3.1.1 and review of the site history of the last 24 years is presented 

in Subsection 3.1.2. Details of the clearing and cap construction are discussed 

in Subsection 3.1.3. 
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3.1.1 Site Description 

The Amax site is in Wood County, West Virginia (Figure 3.1) at 

39015 1 01"N and 81041'W. Wood County consists of 235,520 acres1  with a reported 

population of 93,648 (U.S. Bureau of Census 1980).2 About 431/0 of the County 

population reside in the City of Parkersburg, the County Seat. Though a number 

of industries flourish in the Parkersburg area, the county is best characterized 

as rural. The Amax site is situated on the east bank of the Ohio River, in an 

area known as Washington Bottom. 

Washington Bottom, as a geologic feature, becomes evident about five' 

miles west of Parkersburg and trends westward, then southwestward and south for a 

distance of five miles. It is bounded on the north and west by the Ohio River 

and on the east by an escarpment which in the past constituted the eastern bank 

of the river. The area of the Bottom is about 21,000 acres about half of which 

is farmland. The remainder has become industrialized during the past 30 years. 

The Amax property which lies at the approximate center of the Bottom (Figure 

3.2), is about eight miles southwest of Parkersburg and one mile south of the 

town of Washington, WestVirginia. 

About one-third of the Amax property, 126 acres, has been developed f or 

comercial use. The primary access road, Foster Road, intersects Dupont Road to 

the east and marks the northern boundary of the property (Figure 3.3). 

Additional access is via a rail spur from the B&O Railroad which parallels DuPont 

Road to the east. 

The most predominant feature on the coniiiercialized (northeastern) 

portion of the site is a water storage tower. About 700 feet west of Dupont Road 

and 100 feet south. of Foster Road is a one story building of 100 x 50 feet 

dimensions which is the L.B. Foster office. South of the office is an area, 

intersected by the railroad spur, about 800 x 800 feet which is principally 

occupied by remains (mostly foundations) of the former Amax plant and concrete 

floor slabs on which construction of the L.B. Foster pipe fabrication plant was 

initially.  comenced. The portion of this area between the rail spur' and the 
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office building is now used as a temporary finished pipe storage area. The 

larger (350 ft. x 300 ft. x 40 ft. high) of the two relocated pipe fabrication 

plant buildings is 650 feet west of the office. The second fabrication structure 

(125 ft. x 75 ft. x 40 ft. high) is 300 feet south of the larger pipe plant 

building (Figure 3.4). 

Land Use 

Imediately to the north of the Amax site (Reference Figure 3.2) is 

farmland which extends northward for some 3,000 feet to the Borg-Warner Chemicals 

plant property which, in turn, borders the property of the E. I. duPont de 

Nemours Co. property. Together, the property of these two companies, each of 

which. employ more than 1,000 persons, extends northward for about one mile.3  

Northeast of the duPont plant are some scattered small industrial buildings. The 

remainder of the bottomland to the •east is unoccupied. 

The land inTnediately to the south of the Amax site is owned by the 

Monongahela Power Company, but is currently, leased as farmland. There are two 

industries south of the Amax property; AGA Burdox, Inc. (.3 miles, bordering 

DuPont Road) which produces oxygen and nitrogen and employs less than 100 persons 

and the Nitro Industrial Coverings Company, an even smaller concern.3  The 

remainder of the bottomland to the south is farmland with scattered residences in 

the eastern portion starting about a. mile south of the Amax property. There are 

four residences which are within, less than a mile of the proposed stabilization 

site: one, 1,800 ft. to the south; two, 2,200 ft. to the northwest; and one, 

45000 ft. to the northeast. 

Demography 

As has been previously indicated, the Amax site is not near any large 

population ce'hters. Population distribution out to 50 miles for each of the 16 

cardinal compass directions is shown on Table 3.1. 
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Table 3.1. Population Data 

Direction 0-5 Miles 5-10 Miles 10-20 Miles 20-30 Miles 30-40 Miles 40-50 Miles 

S 8.050E+02 1.911E+03 4.525E+03 5.393E+03 1.126E+03 6.113E+03 

SSW 6.600E+02 1.592E+03 3.378E+03 5.189E+03 6.646E+03 6.698E+03 

SW 4.540E+02 8.730E+02 5.852E+03 2.527E+03 1.260E+04 1.069E+04 

WSW 4.490E+02 9.860E+02 3.435E+03 5.342E+03 6.719E+03 4.231E+03 

W 4.450E+02 1.041E+03 4.c458E+03 1.179E+04 4.494E+03 5.093E+03 

WNW 4.130E+02 1.041E+03 4.458E+03 1.119E+04 4.494E+03 5.093E+03 

NW 4.130E+02 1.121E+03 6.552E+03 1.432E+04 8.949E+03 1.122E+04 

NNW 4.720E+02 1.121E+03 3.409E+03 1.071E+04 4.932E+03 1.229E+04 

N 5.140E+02 1.121E+03 4.036E+03 3.952E+03 4.143E+03 1.326E+04 

NNE 5.350E+02 1.121E+03 1.444E+03 5.388E+03 3.845E+03 2.802E+03 

NE 5.550E+02 1.033E+03 2.080E+04 7.375E+03 5.379E+03 6.704E+03 

[NE 6.890E+02 6.558E+03 6./40E+03 7.022E+03 8.371E+03 7.392E+03 

E 8.050E+02 3.109E+04 1.444E+03 2.731E+03 5.213E+03 4.705E+03 

[SE 8.050E+02 1.911E+03 4.127E+03 2.096E+03 3.814E+03 4.843E+03 

SE 8.050E+02 6.911E+03 6.285E+03 2.288E+03 3.556E+03 4.525E+03 

SSE 8.050[+02 1.911E+03 4.974E+03 3.510E+03 8./75E+03 4.304E+03 



Geology 

The geology of the river bottom land between river miles 190 to 194, 

the general area of interest in this assessment, has been defined as a result of 

a number of wells having been drilled and is very similar throughout. 

Topographically the area is characterized by a series of river bank terraces 

which rise in elevation from the river (590 ft. msl) eastward to about 635 ft. 

msl at the industrialized area of the Amax property. The terraces are drained by 

gullies with intermittantly flowing streams. The soils in the area are 

classified as the Huntington-Ashton-Wheeling Association and are characterized by 

a cla.yey silt that ranges from one to ten feet thick.1  This is underlain by 

interbedded layers of sand and intermixed sand and gravel down to bedrock which 

lies about 100 feet below the surface. Figure 3.5 shows the typical 

geohydrologic profile of the area. 

Toward the end of the Pleistocene Epoch (12,000-15,000 years ago) when 

glacial melt water flowed through the Ohio River Valley at a much higher rate, 

coarse sands and gravels were transported to the Washington Bottom area. These 

sands and gravels were deposited from the slower movinq water on the inside of 

the meander bend. As flow rates in the river decreased the sand and gravel was 

overlain by fine sand, silt and clay. 

The groundwater level .at the Amax site is located approximately 50 feet 

below the surface which is nearly the elevation of the Ohio River.4  The flow 

direction of this groundwater is variable but is generally perpendicular to the 

river f low.5'6  The groundwater table is charged by the river as the surface layer 

of highly impermeable silty clay causes precipitation to run off on the surface 

to the Ohio River. The strata from the water table to the surface constitutes 

the unsaturated zone wherein there is only capillary water and little water 

movement except in the absence of the overlying silty clay layer which prevents 

infiltration of runoff. Water, if it does enter these unsaturated sand and 

gravel layers, moves rapidly and vertically down to the water table. 
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Hydrol ogy-Subsurf ace 

Six wells have been drilled at the Amax site, two of which were 

geophysically logged using four logs. These were the natural gama log, the 

epithermal neutron log, the ganna gama densitylog, and caliper log. These well 

logging techniques provide an accurate description of the geohydrologic strata 

penetrated. The natural gama log is the measure of the natural radioactivity 

and is indicative of silt and clay lenses or radioactive contamination at a site. 

In the case of Monitor Well 1, the natural gama tool recorded very low count 

rates within the subsurface materials with a small increase within the top 7 feet 

of materials. This increase is indicative of a finer grained matrix (clay and 

silt). Otherwise, the gama ray log showed clean sands and gravels throughout 

the borehole. The neutron epithermal neutron tool and gama gara tools were 

used to assess variation in subsurface porosity and density. Both of these tools 

are affected by changes in borehole diameter and rugosity (nonuniformity) so a 

caliper log was run in conjunction with them. In no instance has there been any 

evidence of clay lenses or perched water within the unsaturated zone. The 

absence of clay or any other material that would hold or cause horizontal water 

movement in the unsaturated zone has been further verified by the facts that; 1) 

during examination of the site for radiological contamination below the surface, 

n6ie of th(1,422)test holes that were water jetted to a depth of 12 feet held 

water7  and 2) none of the 27 on-site test pits, dug down to initial contact with 

sands and gravels, will hold water even during heavy rains.8  

Hydrol ogy-Surf ace 

The surface water features are dominated by the Ohio River as the only 

continually running water source. Surface runoff from rainfall at the site flows 

toward 1) the ditch parallelling the B&O railroad tracks or 2) the drainage 

channel running south and then west to the Ohio River or 3) directly into the 

Ohio River. The flow directions for runoff water are summarized in Figure 3.6. 
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Although the land on which the L.B. Foster and former Amax facilities 

are located is classed as river bottom land, it ts neither wetland nor 

floodplain. The highest recorded floodwater level reached only to a level of 

616.5 ft. msl in 1913. The potential for flooding at the level where site 

stabilization is planned (625-630 msl) is not considered credible. 

Climatology 

The climate of Parkersburg can be described as moderate. Located on 

the bank of the Ohio River and in the extreme north of the "upper south," 

Parkersburg is in the farthest north area where tender vegetation, such as 

magnolias, are able to survive most of the winters. In surmiers, prolonged hot 

weather is infrequent. During the period of record (90 years), there have been 

only 24 days with a temperature of 100°F or more. Likewise, prolonged cold 

weather is infrequent; temperatures of -10°F or lower have occurred on only 13 

days. The average temperature is lowest in January (330F) and highest in July 

(75.20F). Precipitation averages 38.9 inches per year. The heaviest rains are 

in June and July. The lightest amounts are in October. On the average of once 

every four or five years, , a dry spell in July or August does some damage to crops 

in the vicinity. Days with measurable snowfall average about 25 for the year; 

the average annual snowfall is about 24 inches. However, total snowfall amounts 

vary greatly from winter to winter, ranging from over 55 inches to less than 4 

inches. 

Parkersburg is not a windy city, the winds being light most of the 

time. Occasionally a winter storm may be accompanied by winds up to gale force 

and, also infrequently, the winds associated with a sumer thunderstorm may be 

nearly as intense.9 - 

During the last 89 years the highest wind speed recorded was 66 mph 

from the northwest, during the month of November, 1966. High northwesterly 

winds, when they occur, are caused by the passage of a strong, rapidly moving 

cold front. There are no indications that tornado velocity winds have been 
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experienced during the period of record in the Parkersburg area. Due to the fact 

that the Parkersburg area is, for the major portion of the year, under the 

influence of the circulation of the Bermuda High pressure-patterns, the 

prevailing wind is southwesterly. 

On-site meteorological data on wind speeds and direction is not 

available from the applicant. However, general clirnatological characteristics in 

the area can be referenced to the U.S. National Weather Service recording station 

at Park6rsburg)0  

For subsequent atmospheric dispersion calculations, joint frequency 

distributions of wind direction, speed and stability class from Parkersburg were 

used. The meteorological dispersion factors (chi/Q) were produced from. the 

Gaussian Plume model and diffusion coefficients for Pasquill type turbulence as 

described in Regulatory Guide 1.111. The annual average chi/Qs as a function of 

distance up to 50 miles from the site in the sixteen 22-1/2  degree compass point 

sectors (i.e., centered on the north, northeast, southeast, etc.) were calculated 

and are shown in Tables 3.2 and 3.3. These point source chi/Q values will be 

used together with the concept of an "apparent' point source for the purpose of 

calcUlating downwind concentrations from the site areal sources. 

Seismology 

Parkersburg is located in a seismic risk Zone 1 (Figure 3.7), where 

only minor damage may be expected.119,12  U.S. Geological Survey data show the 

epicenter of a mild (IV on the Modified Mercali Scale) earthquake occurred at 

Parkersburg on July 15, 1874. At the town of Rockport, about 13 miles south-

southeast of Parkersburg, there was an earthquake epicenter of intensity V on 

October 20, 1974. The next closest recorded seismic activity (M.M.IV) was about 

80 miles south-southeast of Parkersburg in 1970. 
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Table 3.2 Annual Average Chi/Q Values at Various Distances 

N0RIAI. Kt,ASF 
NO OFCAY, IJI)FPLETEI) 

ANNUAl, AvERArF: C141,0 (SEC/MFTER CUIED) DISTANCE INNILES 

SECTOR 0.250 0.500 0.150 1.000 1.500 2,000 2,500 3,000 3.300 4.000 4.500 

s 1.116E-°3 4.922f06 2.356..06 1.456E-06 1.1191F.'01 5.021E-01 3,640E'07 2,811E-07 2,266E-01 
1.6851-07 1,605E.07 

SSW l,531-05 4.415E-06 2.115F06 1.301E-.06 6.916F-01 4.500E-07 3,255E07 2.512-01 2,024E..07 
1.683E-07 1.432E-07 

Sw 2.b0SFflS 1.411-06 3.576F-06 2.211E-06 1.173F-06 1.643F..07 5.538F-07 4279f07 304
52E-07 2.612E-07 2.447E-07 

WSW 1,156105 5.041I-06 2.4101-06 1.4911-06 7.9111-01 5.1601-07 3,7401-01 2.8921-07 2.3341-07 1,9
431-07 1,6551-07 

4.2131-05 1,281-05 3.768E-06 ),5701-06 1.8911-06 1.2391-06 8,994P:-07 6,960-07 5,622E-07 
406831-07 3,993-07 

wNw 3,6301-05 1,0491-OS 5,007F.-06 3.102E06 1.6511-06 1.0801-06 7,845107 6,0761.07 4,912107 4.094107 30492107 

NW 2.385E-05 6.8521-06 3,2741.06 2.0211-06 1,0781-06 7.0411-67 5110E-07' 3,9551-07 3.1951-07 
2.6611-07 2.2691-07 

PNW 1,4301-OS 4,3071-06 1,9681-06 1.2161-06 6.4391-07 4.1911-07 3,0331-07 2,3411-07 1,887P-07 1 05691-07 1,3351-07 

N 1,9111-05 5,514E-06 2,6441-06 1.634106 8.6411-07 5,6191-07 4.0641.07 3,1351-07 2,5251-07 2.09
91-07 1.7061-07 

NNP 2.9281-05 8.4301-06 4.046-06 2,5001-06 1.3221-06 e,5881-07 6,2061-07 4,1841-01 3,0511-07 3.1991-07 2,7201-07 

N! 3,5031-1)5 1.008F.05 4,8401-06 2.9911-06 1,5821-06 1.0281-06 7.4341.07 5,7331-07 4,6171-07 3,8361-07 3.2621"07 

1.555F-0S 4,4861-06 2.1681-06 1.3361-06 6.9991-07 4.5101-07 3.2351-07 2.4171-07 1,9831-07 1.6391-07 
1,3881-07 

I 9,691106 2.1811-06 1,342F-06 8,2681-01 4.3421-01 2,8041-07 2.0161-07 1,3471-07 1,2411-07 1.0211-07 
8,7101-05 

131 8.8381-06 2,546F-06 1.2271-06 7.5541-07 3,9601-07 2,S5IE-07 1.8331-07 1,4051-07 1.1261-07 9,3091-08 
7,0561-08 

SF 1.2761-05 3,6581-06 1.7551-06 1.0821.06 3,7061-01 3,6991-07 2.6681-01 2,0531-07 1,6511-07 1.37
01-07 1.1641-07 

331 1.0801-05 3,0911-06 1,4821-06 9,1291-01 4.7991-01 3,1041-07 2,2351-01 1,7171-07 1.3791-01 1 0 1431-07 
9,7021-05 

ANNUAL AVERAGE CHI/0 (SEC/METER CUOEO) DISTANCE IN MILES 

BFARIUG 5,000 7,500 10,000 15.000 20000 25.000 30,000 35,000 40,000 45,000 50.000 

S 3.3911-07 14,1111-08 5.5811.08. 3,3241-08 7,3161-08 1.7331-08 1.4011-08 1.1601-08 9.853109 8,5381-09 7.514
1-09 

1.2411-01  7.2351-08 4.9111-08 2.9581-08 2.0601-00 1.5601-08 1.2451-00 1,031
1-08 8.7531-09 7.5831-09 6,6731-09 

Sw 7.1221-07 1,2411-07 8,5421-08 5,0961-08 3,5551-08 2,6911-00 2,1551-08 107851-08 1,3171-08 4.3151-08 1
.1581-06 

5W 1.4361-01 4.4051-08 5.1911-08 3.4591-08 2.4141-08 1.8321-08 1.4651-08 1,2141-08 1.0321-08 8,9481-09 7,5511.09 
w 3.4611-01 4,33F-07 1.4021.01 8.3911-08 5.8651-08 4.4541-08 3,5641-08 2,9541-08 2.3131-08 2.1001-08 1.9211-06 

totsw 3.0341-01 1,711-07 1,2301-07 7,3101-08 3.1341-08 3.9161-08 3,1341-00 2,5991-08 2,2111-08 1,9191-08 1.6911-08 
NW 1.9101-01 1,3551-07 1,9651.08 4,7631-08 3.3281-08 2,3261-08 2,0201-08 1,6741-08 1.4241-08 1.2351-08 t,049r.0

8 

84W 1,1511-01 6,1461-08 4.6351-08 2,1581-08 1.9211-09 1.4551-08 1,1611-08 9,6091-09 8.1611-09 7,0701-
09 6,2211.09 

1.5481-07 9.0131-08 6,1891-08 3,6801-00 2.5611-08 1.9391-08 1.5471-08 1,2801-08 1.0861-08 9.4101-09 0,2791-0
9 

2,3561-01 '1.3691-019.3891-08 3.5101.08 3.8711-08 2,9281-08 2.3341-08 1.9291-08 1,6371-08 1.4171-08 1,2461-0
5 

NI 2,8261-01 1.6431-07 1,1211-01 6.6901.08 4.6511-08 3,5181-08 2.8051-08 2,3191-08 1,9681-08 1.7041-08 1.499
1.08 

FNF 1,1911-01 6,8541-08.4.6491.08 2,7111-08 1.4701-08 1.4031-08 1,1121-08 9,1421-09 7.1241-09 6,6611-09 5,830
1.09 

1,3211-08 4,3351-08 2.9341.08 1.7381-08 1.2011-08 9,0431-09 7,1811-09 5,9231-09 5,0161-09 4,3331-09 3,8041-0
9 

1SF 6,8031-08 3,9121-08 2.660Ffl8 1,3611-08 1.0771-OR 8.1031-09 6,4321-09 5,2981-09 4,4831-09 3,8101-09 30396
1-09 

SF 3,0011-01 5.8411-08 3.9991-08 2,6R1-08 1,6441-00 1,2421-08 9.0991-09 8,1781-09 6,9311-09 6.0031-09 5,2171-09 

551 8,3921-08 4.8541-08 3.3181-08 1.9611-08 1.3611-OR 1,0281-08 8,1911-09 6,7661-09 5.1391.09 4,9661-09 4,3651-09 
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Table 3.3 Annual Average Chi/Q Values at Various Segments 

CHI/U (SFC/Mt!TFH CuRfrfl FOR FACH SEGMPNT 
SNF'NT BOUNDARIES IN NIfJ 5 

flICT1vJ .8 -1 1-2 2-3 3-4 4-5 5-10 10-20 20.30 30-40 40-50 rpno s1ri 
S 2.527f'-06 4.1 44-01 ,61F-t1 2,776f-07 1.16.09F-01 $.21-08 3,377C-08 1.763E-0$ 1.I62E-08 $.549p.09 

.SSW 2,767-Th 7.?1flF'-07 3.290'-n7 2,fl33i-01 I,46-'7 7.3H0I-0 3.006E-09 1.569E-08 1033f-08 7.592E-09 
sw i.:- I.2i2f-flF 5.59s.-n7 3.4nPI-07 2.453P-07 1 41 265-07 5.1711!-08 2.709P-09 1,78808 1.317F08 W.Sw 2.Sw6f-n 9.242-07 ),17Q1-n7 2.340:-01 1.5q:-n7 3.513lr..00 1,04I-08 1,216E-08 e,959[-09 

• $4F-flt I.7h:-0 4,061--'7 5,641I-07 4flfl3f-07 2,071-07 8,520r08 4.414E-08 2,96OI-08 2,183!-08 
L'pw • 37ffl 1,720E-o 7.Q23r-07 4.933f:-01 3.54IE-07 1.81Sp.-01 7,48u-08 3,9341-08 2,604E-08 1.921E-08 

low 4,SI5f-n6 I.123i-fl 5.I63f-n7 ,709-07 7.274f-01 I,177I-01 4.837E-08 2.538-08 1,6781-00 1.237-oe N •  ?,$(f.A 1IF07 3.045-n7 1.$9-07 1.38I-07 6.881f-0 2,803'-0$ 1.4b2-08 9,6301-09 7.079r.09 
2.43r-0 '),I1flMP-)7 4.107-7 2,S1f-11 1.9fll-O7 9.194I'-0I ).7401-08 1.948-0A 1,282f-08 9942209 P.Nl: 1.333I-1)4%  1,47I-fl6 6,212-07 3,69F-o7 2,721E-07 1.391f-01 3,664I.08 2,9421-00 1.934€-08 1,419r-0I 

Air S.$3I.-()6 1,444-06 7.514e-n1 4.63R1'-07 3.2711:-07 1.677-07 6,$02E-08 3,535.08 2,3241-08 1.706E-0I FF 2.3131-fl6 7,3061-07 3.27•2I:-n7 1,93F-07 1.3921-07 7,012-06 2,770P-08 1.411F-08 9,1661''09 6.671L09 
. . •434-fl 4.531'-07 2,039-o7 1.247t-07 8.135I-00 4.4)11:-08 1.769E-08 9,093l-09 5.939E-09 4.339-09 1'SF l.1fl1-n6 4,111F-07 lR54-n7 1.I11F-07 7.904l:-08 3,9991.09 1.590E-08 5.1461-09 5.3121!-09 3,0761-09 5F 1,019F-06 ',S11-A7 2.697-n7 1.659-fl7 t.1671-07 5.963E-0$ 2,40fE-o8 1.24-0e 9.197f-09 6,011-09 55€ I.c811-06 s.n'11:.07 2,260-07 1.3861:-07 9.129€.00 4.957€-08 1,996€-00 1.033€-00 6,782€e09 4.972€-09 
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Air Quality 

The Ambient Air Quality Standards for the State of West Virginia 

parallel those of the Federal Ambient Air Quality Standards. Although the only 

ambient air monitoring station in the Parkersburg area (about 8 miles downwind 

from the Amax site) does not provide any measurement of air quality at the Amax 

site, it is the opinion of State Air Pollution Control Conrnission that the area 

of interest is an attainment area.13  

Water Quality 

There are no water quality sampling stations on the Ohio River in the 

vicinity of Parkersburg and the Amax site. Therefore, a year's (1979) records 

from the nearest sampling stations at Willow Island (about 30 miles upstream from 

Parkersburg) and Belleville (about 10 miles downstream), were examined. The 

objective of examining these data was to determine the quality of the Ohio River 

water. 

Thirty-five water quality parameters were sampled, twenty of which are 

lited as state water quality criteria.14  Six (dissolved oxygen, CaCO3, ammonia, 

barium, manganese, and fecal coli) of the twenty criteria were exceeded in the 

samples from both stations. With the exception of fecal coli, which was 151 mg/i 

higher at Belleville, the criteria were exceeded in nearly equal amounts at both 

sampling stations. The criterion for phenols was slightly exceeded at the Willow 

Island sampling station but was not exceeded, and was significantly •lower at the 

downstream Belleville station. No measurements of radioactivity have been made 

by the state but a recent groundwater sampling program by Amax show that 

radioactivity in the groundwater under the site conforms to EPA standards (40 CFR 

141.15) and NRC standards (10 CFR 20, Appendix B).' 
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3.1.2 Site History 

The Wood County plant site was originally developed by the Carborundum 

Company in 1957 for the production of high-grade zirconium metal for use,  in the 

construction of nuclear reactors for the U.S. Navy under an Atomic Energy 

Coirrnission contract. This process started with the conversion of zircon ore 

(ZrSiO4) to zirconium carbonitride followed by chlorination of the carbide to 

zirconium tetrachloride (ZrCl4). The zirconium tetrachloride was purified and 

reduced to zirconium metal by the Kroll process which involves reacting the 

zirconium tetrachloride with magnesiuñi metal to produce primarily zirconium metal 

and magnesium chloride. 

D'uring 1961 and 1962, the Carborundum Company processed Nigerian 

zirconium ore under an Atomic Energy CorTinission license. In addition to 

zirconium, this ore contained 6 percent hafnium, up to 8 percent thorium (Th02) 

and 0.2 percent uranium (UO2). The processing of the radioactive Nigerian ore 

was under license by the Atomic Energy Comission, and both the ore and all 

residuals were stored in drums on the site. The use of Nigerian ore ended in 

1962 when another source of zircon ore, which contained no radioactivity, was 

established. Operations with this uncontaminated ore continued until 1970. 

Amax and Carborundum operated the facility as a joint venture, under 

the name of Carborundum Metals Climax, from 1965 to 1967. Amax then became the 

sole owner of the business. The Nigerian ore and radioactive residual, left over 

from processing during 1961 and 1962, were stored, on the site until September 

1968. During the seven years of storage, some drums deteriorated and spilled on 

the soils in the storage area. To reduce the residual radiation, soil located 

beneath the stored drums was disposed of by packaging for off-site burial. 

Nearly 3,000 drums of ore, residual material, and soil, were transported from the 

property to an approved AEC burial site at Morehead, Kentucky in 1968. 

The processing of zirconium ore was discontinued in late 1969, when 

purchased zirconiuLn tetrachloride was substituted. Amax produced zirconium and 
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metal sponge until November 19.74, at which time all production at the site was 

terminated. 

In November 1974, Amax received a license from the Nuclear Regulatory 

Corrrnission (NRC) to conduct laboratory-scale experiments on baddeleyite ore 

(Zr02) which contained less than 0.5 percent total thorium and uranium. The test 

material and all of the process residuals were contained within one building on 

the site. After the laboratory tests were concluded in late 1975, all remaining 

baddeleyite ore was sold and its process residuals were transported to an 

approved NRC disposal site. Based on a site inspection in 1977 concerning the 

closeout of Amax's baddeleyite license, NRC identified soil associated with the 

Nigerian ore at above acceptable radiation limits. This inspection included the 

area bounded on the east and north by the security fence, on the west by the 

westernmost on-site road and on the south by the railroad tracks (Figure 3.8). A 

number of locations, the hatched portions in Figure 3.8, within the survey area 

were found to be emitting at 50 to 80 times natural background. A cleanup 

program was initiated and subsequently seventy (70) drums of contaminated soil 

was collected and shipped to an approved NRC disposal site. 

In 1977, the Wood County property and buildings were sold to L. B. 

Foster Company (Foster) for use as a pipe manufacturing facility. Building 

construction, which started in 1977, ceased in March 1978 when pyrophori C 

material was uncovered. 

As a result of problns encountered in the construction of new 

buildings with regard to pyrophoric material found on the property in 1978, Amax 

repurchased the site from Foster. The history of the ownership and major 

activities at the Amax site which has been presented in the foregoing paragraphs 

is sunviarized diagramatically in Figure 3.9. 

During 1979, Foster leased from Amax a portion of the property west of 

the former zirconium plant which was found to be free of radioactivity, and their 

pipe manufacturing buildings were relocated as shown in Figure 3.10. The 

manufacture of pipe was begun again in late 1979 by Foster. Today the facilitie.s 
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on the property consist of an office building, new plant buildings, roadways, old 

building foundations (slabs and floors), storage areas, water and gas mains, an 

elevated water storage tank and well field, storm drainage systems, and a 

railroad spur from the Baltimore and Ohio Railroad line leading to the plant 

(Figure 3.10). 

in addition to the obvious physical features remaining from the 

previous use of the site there also remain areas where the soil is contaminated 

with radioactivity. 

In 1980 a survey was conducted during which the area investigated was 

much larger than that surveyed in 1977,7  The area of investigation north of the 

railroad tracks was basically the same as that of the 1977 survey except that it 

was expanded to 25 feet beyond the fence lines. The area to the south, including 

the railroad tracks, extended to the southern boundary of the Amax property, and 

approximately200 feet and 75 feet further east and west of the northern portion, 

respectively. The entire area was divided into a grid pattern consisting of 

1,422 twenty-five by twenty-five foot squares. Each square was measured for both 

surface and subsurface radioactivity. The surveyors also examined areas outside 

this grid pattern and, as a result, located two small areas of contamination. 

One was slightly to the west of the grid pattern and the other area was southwest 

into the property adjoining theArnax southern property line. 

Approximately one quarter of the survey area (excluding that on other 

property), about five acres total, was found to be emitting gamma radiation at 

rates of from two to over ten times the natural. background. Activity was found 

to range from two to five times background over 52% of the total contaminated 

area, over 26.5 of the area emissions were from five to ten times background, 

and greater than ten times background over 21.5% of the contaminated areas. The 

areas of ground contamination are shown in Figure 3.11. The most highly active 

portions of the contaminated areas shown in Figure 3.11 were in the: 
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o Area north of the railroad tracks 

o Along the tracks 

o Center of the area just south of the tracks between the two 
old slabs 

o along the southern edge of the easternmost old slab. 

a central and southwestern portion of the most southwestern 
contaminated area. 

The area of contamination which crosses the Amax property line and continues 

southwestward was all within the "two to five times background" range. 

As was previously mentioned, subsurface radioactivity was also 

measured. Figure 3.12 shows radioactivity greater than twice background as a 

function of depth. 

In the contaminated area north of, and including, the railroad tracks 

investigations have indicated that the radioactivity in the soil is highest, by a 

factor of two to four, two to four ,inches below the surface and has tapered off 

to background by 24 inches depth. The activity in the contaminated soil which 

extends well into the property to the south has been found to degrade to 

background at a maximum depth of 18 inches. An explanation of the presence of 

the radioactive soil, its areal extent, and depths at which detected south of the 

railroad tracks, has not been forthcoming. The area was used for refuse and 

waste disposal however was not designated for radioactive or reactive wastes. 

In addition to the aforementioned contaminated areas there is a storm 

drain that runs from the Amax manufacturing area to the Ohio River (Figure 3.13). 

As shown on the figure, the drain has four man ways. The man ways were measured 

for radioactivity and attempts were made to decontaminate them. The 

decontamination efforts were not successful as the gamma activity was minimally 
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affected. The levels of activity in the man ways far exceeds the levels the NRC* 

has specified as acceptable, and it must be presumed that the piping associated 

with the system also is contaminated to unacceptable levels. Plans for stabili-

zation of this component of the Amax site have not been addressed. It would 

appear appropriate to eliminate the pipeline as a site drainage method, 

hydraulically isolate and possibly backfill it to provide structural stability. 

During initial construction of buildings for the L.B. Foster pipe 

fabrication plant, it was discovered that some areas also contained 

nonradioacti ye pyrophoric waste material. 

While doing surface grading in the area of the. western "old slab," 

Figure 3.10, the bulldozer encountered material which ignited. The resultant 

fire destroyed the bulldozer. Soon thereafter, while using a backhoe in the 

dirt-floor area of a Butler Building that had been erected on the eastern "old 

slab," an explosion occurred. The force of this explosion hurled a large steel 

component from the backhoe through the roof of the building, 40 feet above. 

After two other minor instances of combustion, construction work was stopped. 

During the previously discussed radiological survey while holes were 

being water jetted for subsurface radioactivity measurements an MSA Explosimeter 

was used for -detection of explosive gasses in the air just above the hole. In 

total, four holes were determined to have detectable concentrations of flannable 

atmospheres and in three of these cases white smoke was noted indicating a minor 

pyrophoric or chemical reaction. In June of this year there was an absolutely 

spontaneous combustion of what had appeared to be nothing more than plain earth. 

The pyrophoric material is thought to be waste zirconium and production 

by-product material known as "sidewall -material." "Sidewall material" results 

from the Kroll reduction process which converts zirconium tetrachloride (ZrCl4) 

*Guidelines for Decontamination of Facilities and Equipment Prior to Release for 
Unrestricted Use or Termination of Licenses for Byproduct, Source or Special 
Nuclear Material. 
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to zirconium -metal. The composition of "sidewall material" is variable but it 

contains zirconium metal, magnesium metal and chloride salts of these two metals 

and is known to be pyrophoric. 

The exact nature of pyrophoric reactions, their initiating and 

propagation conditions are not fully understood. Many mechanisms have been 

suggested to explain pyrophoricity of metals, but no single theory is completely 

adequate in explaining the nature of this phenomenon. The pyrophoric combustion 

reactions are not completely reproducible and therefore caution must be used in 

dealing with such materials. 

Investigations of the site by Amax73,15  suggests that the most likely 

location for the pyrophoric material is in the area where the Foster buildings 

were originally to be constructed, that is, south of the original zirconium 

processing area. There is some uncertainty with this assessment because of the 

lack of satisfactory zirconium survey techniques. 

3.1.3 Stabilization Plan/Construction 

The stabilization plan proposed by Amax is based on a series of 

technical studies involving site characterization and radiation surveys, safety 

evaluations and cost estimates. 

The proposed plan is to move all of the contaminated soils into parcel 

C (Figures 3.10 and 3.11) south of the railroad spur and construct a mound 

designed to preclude material transport. 

This stablization involves five major steps. These steps are: - 

Collection of all the contaminated soil (about 10,000 
cubic yards) into the area which is designated 'Parcel C.' 
This soil will be compacted to form a mound which has surface 
runoff features compatible with the rest of the site area. 

After the contaminated soil is compacted in the desired 
shape, the entire mound will be covered with a 6-inch layer 
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of clayey material. This clayey material is designed to 
provide a base for a final clay cover. 

The final clay cover of, 12-inch thickness, is to be added 
to the mound in order to form a highly impermeable layer and 
to protect the waste material from leaching. Th 
permeability of the final clay cap will be less than 1 x 10 
cm/sec. 

A 30-inch layer of soil will then be placed over the clay 
cap to protect it from weathering or erosion and to provide a 
soil base for growing an acceptable cover crop. 

The final step in stabilization will be the seeding of the 
soil cover with a naturally growing' grass to control erosion. 

Figure 3.14 shows a cross section of the completed burial mound. The drawing is 

not to scale. It does show, however, several major features of the stabilization 

plan. These major features are: 1) a clay cover to prevent infiltration, 2) a 

slope to carry away precipitation, 3) a clay cap that extends down to the sand 

and gravel layers to preventhorizontal movement of water and 4) a drainage 

system to remove surface water. The shaded area in Figure 3.15 indicates the 

approximate areal extent of the burial mound. 

The local area clays found on the river bottomland have been described 

by the West Virginia Geological Survey as river silt consisting principally of 

illite with some galenite and clarinite.5  Woodward and Clyde, Consulting 

Engineers, as a result of extensive on site sampling and analysis programs, have 

established that sufficient clay, suitable for cap construction, exists on site 

and could be used.8 The Amax plan, however, calls for obtaining the clay from a 

local comercial borrow pit. 

3.1.4 Containment and Monitoring 

The design and construction (detailed in 3.1.3) of the proposed cap to 

cover and prevent, migration of contaminants from the gathered, compacted, and 

covered soil should obviate the possibility of leachate generation and migration 

to the adjacent surface or subsurface soils. Two interrelated natural phenomena, 
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Figure 3.14. Conceptual Cross Section of the Burial Mound. 
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rain runoff and erosion, will continually be at work to degrade the integrity of 

the protective cap. 

In order to sustain the integrity of the effluent control system (the 

cap) and its effective performance, a program of scheduled inspection and 

maintenance needs to be developed. Preservation of healthy vegetation cover over 

the entire area (Figure 3.15) will be required to prevent thinning of the topsoil 

layer and exposure of the underlying clay cap to weathering and possible 

infiltration of water into the buried, contaminated earth. This will also 

preclude loss of topsoil and subsequent clogging of drainage ways. Periodic 

clearance of the perimeter drainage ways must also be effected so there will be 

no standing rain runoff water around the perimeter of the capped area and no 

possibility of water seeping under the edges of the cap. 

In addition to the implementation of a scheduled maintenance program, 

an evaluation of the containment program needs to be instituted. The evaluation 

program will consist of periodic sampling of groundwater monitoring wells which 

are to be located around the perimeter of the stabilization cap. 

Last, but absolutely vital to the effluent control system integrity, 

the capped area must be barred from human use, i.e., no construction and no 

disturbance of the surface which would reduce the effectiveness of the cap as an 

infiltration barrier. 

3.2 ALTERNATIVES TO THE PROPOSED ACTION 

In addition to the proposed action, three alternatives have been 

defined and are addressed in this section. These alternatives are: stabilization 

of the pyrophoric material before stabilization of the site (3.2.1), disposal of 

the material at other authorized sites (3.2.2) and no action-defer stabilization 

(3.2.3). Each of these alternatives are discussed in the following paragraphs. 

Analysis of the alternatives, to the extent of identifying the environmental 

components that would be affected, is presented in Section 4. 
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3.2.1 Stabilization of the Pyrophoric Material Before Site Stabilization 

Because the "sidewall material" is pyrophoric and represents some 

degree of hazard, it might be considered appropriate to stabilize the material 

prior to covering it as part of a site stabilization effort. Because of the 

uncertain nature of the causes and mechanism for metal pyrophoricity, there are 

no standard techniques by which this metal stabilization can be effected. 

* It is generally considered, however, that oxidation of the pyrophoric 

metal will render it stable. To accomplish such an oxidation reaction, it is 

possible to burn the pyrophoric material in an open pit or trench fire. This was 

practiced in stabilizing pyrophoric zirconium scrap at Oak Ridge National 

Laboratory. 17 

This treatment technique for the pyrophoric materials at the Amax site 

would involve several steps. First, the materials would have to be located and 

dug out by using equipment which minimized the potential for initiation of a 

pyrophoric reaction and maximized personnel protection. The unearthed materials 

would then be transported to a fire and burned. Thus, the reactive pyrophoric 

materials could be stabilized by oxidation. Following this, the site could be 

stabilized according to the proposed method. 
* 

3.2.2 Disposal of the Material at Other Authorized Sites 

The radioactively contaminated soil could be consolidated at one point 

on the property and packaged in DOT approved containers, labeled and transported 

to an authorized disposal site. Likewise, the residue from the oxidation of the 

pyrophoric material (Section 3.2.1) could be collected and packaged for shipment : 

to a licensed disposal site. This would preclude the work associated with 

on-site capping of the contaminated material and the necessity for possible 

long-term monitoring of the capped material. 
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3.3.3 No Action 

No action would, in effect, be a denial of the application for the 

proposed action,, i.e., the action proposed was not considered a satisfactory 

resolution of the problem and submittal of a different proposed action would be 

required. 
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4.0 AFFECTED ENVIRONMENT 

The previous section (3.0 Proposed Action and Alternatives), identified 

the actions that could be taken to stabilize the Amax site. Each of these 

actions, if implemented, would have some impact on the environment. This section 

identifies those environmental components which are expected to be impacted by 

the proposed action as well as by the alternatives. Part 4.1 identifies those 

environmental components which would be impacted by the proposed action, part 4.2 

identifies the environmental components which would be impacted by the 

alternatives and part 4.3 presents a qualitative evaluation of both the proposed 

action as well as the alternatives. 

4.1 AFFECTED ENVIRONMENT OF THE PROPOSED ACTION 

The proposed action, as described in Section 3.1, involves the movement 

of soils from some areas of the site to a •specific area of the site where 

stabilization is to occur. The estimated totalsurface area of disturbed land is 

about 30 acres, including the on-site, and topsoil borrow areas. Such earth 

moving operations would generate some quantity of dust, and thus will impact the 

air quality in the imediate area of the site. Additionally, there will be a 

significant increase in truck traffic on Foster and DuPont roads as large 

quantities of cover materials will be imported- from an off-site comercial borrow 

pit. During site stablization, the areas where soils are removed will be left 

unprotected against erosion and some would occur during periods of rainfall 

thereby affecting the surface water quality in the surrounding area. If proper 

management of surface run-off such as slope grading, surface water diversion, 

collection and treatment or release to the river are observed, the impact on the 

Ohio River will be negligible. After site stabilization some potential f or water 

quality impacts may exist if the disturbed areas are not properly managed (i.e., 

proper slope grading, revegetation, and drainage). Besides air and water quality 

impacts, some impacts on natural resources due to the proposed action will occur. 
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Removal of the top soil from certain areas of the site, the soil borrow areas 

totaling approximately 11 acres, will not be readily usable for farming purposes. 

In surrinary, air quality, water quality and natural resources will be the 

environmental components impacted by the proposed action. 

4.2 AFFECTED ENVIRONMENT OF THE ALTERNATIVES 

Section 3.2 defined three alternatives, these being (1) site 

stabili±ation but only after stabilization of the pyrophoric material, (2) 

removal of the stabilized pyrophoric and radioactive material for shipment to 

licensed or approved waste burial sites and (3) no action--denial of 

stabiliätion authorization. This section identifies the environmental 

components which would be impacted by the alternatives. Each alternative is 

addressed on an individual basis. 

4.2.1 Alternative 1 - Site Stabilization After 

Pyrophoric Material Stabilization 

This alternative would involve the same environmental components as 

would be impacted by the proposed action. The extent of impact, however, would 

be greater. Stabilization by open incineration would impact air quality more 

than the proposed action because (1) additional earthmoving must be accomplished 

to retrieve the buried pyrophoric material and to construct an incineration pit 

or trench and (2) the products of incineration will generate a significant amount 

of particulates. There is also an inherent hazard in digging for and retrieving 

the pyrophoric material. 
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4.2.2 Alternative 2 - Disposal Off-Site 

The alternative of disposing of the material at one or more existing 

off-site waste disposal sites was also considered. Such an alternative would 

involve the excavation of material from the present site. This earthmoving would 

impact both air quality (dust), water quality (siltation) and increase the 

potential for pyrophoric material handling accidents. Stabilization of the 

pyrophoric material would also be a part of this off-site disposal option. The 

onsite impacts would then be comparable to the impacts found in the previous 

alternative (Site Stabilization after Pyrophoric Material Stabilization). 

The transportation of material away from the Amax site would involve 

the risk of enroute accidents wherein material might be spilled. The added 

expense of transportation does not enhance the cost-effectiveness of this 

disposal alternative. 

4.2.3 Alternative 3 - No Action - Denial of Request 

for Stabilization Approval 

A final alternative was defined as denial of Amax's request to initiate 

site stabilization. This would produce less air quality impact because no earth 

moving would be involved. It would, however, result in continued surface 

radiation, greater radon releases and surface water quality impact due to runoff 

from contaminated soil. As such, even the no action alternative has air and 

water quality impact. 

4.3 SUMMARY QUALITATIVE EVALUATION 

A matrix has been-prepared in which the various available options (the 

proposed action and the alternatives thereto) are plotted against the 

environmental concerns associated with each option. The comparison matrix is 

presented in Table 4.1. The table shows that higher air and water quality 
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Table 4.1. Impact Comparison Matrix. 

CONCERNS AND SEVERITY OF IMPACT 

Air Quality Water Quality Surfac  
R '  

Natural 
Resource 

Pyrophoric 
Reaction flapOrta on 

- - 
Disturbance 
- _ 

OPTIONS Lo Mec Hi Lo Med f Ii Lo Med Hi Lo Med H 
Near Term Long Term Lo Med Iii 

Lo Med Ui Lu Med Ih 

Propo..dAction £ A A A A A 

Pyrophoric Material 
Stabilization Before A A A A A 
Sit. Stabilization 

Pyrophoric Material 
Stabilization, Retrieval A A A A Of All Material, Off-site 
Dispoeition 

Nokction A A A A 



impacts are associated with waste retrieval or processing activities on the site. 

Over the longer term, higher air and water quality impacts would result from the 

no action option. The pyrophoric nature of some of the waste material means that 

some potential for pyrophoric reaction exists in either the long- or the 

short-term. The fact that oxidation is expected to occur in the ground should 

decrease the longer term potential for pyrophoric reaction. 

The potential for transportation accidents associated with off-site 

disposal options means that these options have an element of risk to the 

environment and the public which the on-site disposal options do not. 

In sunniary, it appears that while there are impacts associated with the 

proposed action, they are less severe than those associated with alternative 

actions. A quantification. of these impacts and a comparison of these impacts 

against the guidelines identified in Section 2 is presented in the following 

section. 
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5.0 CONSEQUENCES OF THE PROPOSED ACTION 

The previous section identified those environmental components which 

will be impacted by the proposed action and the alternatives. This section 

quantifies, to the extent possible, the impacts and also evaluates the proposed 

action relative to the guidelines synthesized in Section 2.2. This section is 

organized into three major parts. The first (5.1) addresses environmental 

impacts and consequences resulting from normal operation. The second (5.2) 

addresses environmental impacts and consequences resulting from off-normal 

conditions. The third section (5.3) presents a sumary evaluation of the 

proposed action in light of the guidelines identified in Section 2.1. 

5.1 CONSEQUENCES OF CONSTRUCTION AND NORMAL MAINTENANCE 

The proposed stabilization operation will result in some environmental 

impact. As identified in Section 4.1, the impacts are in the area of air quality 

and water quality, and natural resources. The air quality impacts are (1) 

short-term (about one month) generation of airborne particulates associated with 

the construction activity and (2) long-term (continuous) radon generation 

associated with the decay of thorium in the buried soil. Water quality impacts 

are of short-term and are associated with siltation which would occur during the 

site stabilization. Impacts to natural resources will result from on-site 

removal of topsoil and, unless positive restoration action is taken, these borrow 

areas will remain unsuitable for other purposes for a number of years. The 

radiological and non-radiological impacts which can be quantitatively estimated 

are discussed in the following paragraphs. 



R ad i 010 gi cal 

The radiological impact of proposed activities will involve two 

mechanisms. The first is generation of airborne particulates containing thorium 

and uranium associated with the stabilization activities. The second is radon 

emission from the stabilized site as the result of thorium decay. 

The dusting which will occur with the site stabilization activities has 

been estimated using an U.S. EPA18  source term factor. The factor is based on 

the use of a wetting agent, such as water, which is being planned by Amax Inc. 

The estimated cloud density in the actual operation area is 4.2 mg/rn3. 

Assuming 1) a breathing rate of 9.6 rn3/day, 2) one-half the particles being in 

the respirable size range, 3) 0.8 weight percent thorium and 0.2 weight percent 

uranium and 4) one month of exposure, the maximum occupational doses of personnel 

involved in the stabilization activity have been calculated. The results are 

presented in Table 5.1. This table shows that the major doses are to the lungs 

and the bone. The corrinitted dose to the lungs is 9.8 rem which, if linearized 

over 50 years, amounts to an annual dose of 0.2 rem/year. This can be further 

reduced by about an order of magnitude through the use of half-mask respirators. 

Direct radiation exposure to construction people is estimated to be 10 to 20 

millirem based on measured external dose rate at the site. 

Dosages to the nearest resident from the stabilization activities was 

also estimated. The nearest resident is located about 1400 feet to the south of 

the stabilization area. Dust concentrations to the south have been estimated 

using meteorological data from Parkersburg, the guidelines of U.S. Nuclear 

Regulatory Guideline 1.111, and the concept of an "apparent" point source. The 

latter point allows for the calculation of downwind concentrations from an areal 

source. Figure 5.1 shows the calculated results. The figure shows that air 

quality standards(40 CFR 50) are expected to be met at distances of greater than 

about one-half mile. Using this calculated dust concentration profile, the doses 

'to the nearest resident were calculated. In addition, general population doses 

were calculated. These are presented in Table 5.2. The table shows again that 
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Table 5.1 Maximum Doses to Personnel Involved in Site Stabilization Activities 

Committed Dose Equivalent (rem/50 years) 

Total Body Liver Bone Lungs G.I. Tract 

Radionuclide 

Th-232 + daughters 1.7E-1 1.6E-1 4.OE+O 8.6E+O 1.8E-4 

U-238 + daughters 8.2E-2 7.6E-2 1.4E+O 1.2E+0 4.7E-4 

Total 2.5E-1 2.4E-0 5.4+0 9.8E+0 1 .2E-3 



Source 
conc\ 

n o  

cn 

E 

E  

10 . - - ---- --- - 

- -------------.-- 

I I 

-.-- -----H -------------------------------------------
- 

.....-...----_--.- .. ... 

0 .2 .4 . .8 LO 

Distance to the South, miles. 

Figure 5.1. Dust Concentration to the South as a Result of Site Stabilization 
Activi ties. - 

51 

National 

Air 

Quality 

Standards 



01 
r') 

Table 5.2 Doses to the Nearest Resident and the General Population 
As a Result of Site Stabilization Activities 

Activity 
Committed Dose Equivalent (rem/50 years) 

Inhaled 
(DCi) 

Total Body Liver Bone Lungs G.I. Tract 

Nearest Resident 

from Th-232 + daughters 1.1x10 6  2.8E-4 2.5E-4 6.2E-3 1.3E-2 1.2E-6 

from U-238 + daughters 8.7x10 7  1.3E-4 1.1E-4 7.9E-3 1.4E-2 1.5E-2 

Total 4.1E-4 3.6E-4 1.4E-2 2.7E-2 1.5[-2 

Committed Dose Equivalent (rem/50 years) 

Total Body Liver Bone Lungs G.I. Tract 

General Population out to 50 miles 

from Th-232 + daughters 9.8E-1,  9.2E-1 2.3E+1 4.9E+1 4.3E-2 

from U-238 + daughters 5.2E-1 4.3E-1 8.4E+0 6.9E+0 2.7E-3 

Total 1.5E+0 1.4E+0 3.2E+1 5.5E+1 69E-3 



the organs receiving the major doses are bones and lungs. The major dose 

corniiitment level is 27 mrem to the lungs. For the general public, the lung is 

again the organ which receives the greatest dose, 55 man-rem. 

In 'addition tb the dust generated during site stabilization, there are 

some off-site doses resulting from the natural decay. of the on-site uranium and 

thorium. Radon, an inert gas resulting from the decay of Th-232 and U-238, will 

migrate to the surface and be emitted from the waste pile. Radon emission rates 

were estimated using the procedures in the Final Generic Environmental Impact 

Statement on Uranium Milling.19  A more detailed discussion of the calculational 

method and results is presented in Appendix C. The result of the calculation for 

the covered waste is that the radon-222 emission rate is 1.3x10 4  pCi/m2-sec. 

The dose consequences of the Rn-222 release rate to both the nearest 

resident and the general population have been calculated are presented in Table 

5.3. These doses are based on the currently recormiended dose conversion factor19  

of 0.625 mrem/yr per pCi/rn3. The table also shows the annual dose estimate which 

is estimated to occur if site stabilization were not to occur. In this latter 

case the emission rate would be about 6.8x10 4  pCi/m2-sec. 

Direct radiation exposure following stabilization should be at rates 

consistent with the surrounding area, i.e., about 10-15 uR/hr. 

A potential off-site dose is that associated with leaching of the 

covered waste. An analysis of this covered waste leach situation is presented in 

Appendix B. The results of this analysis show that some leaching is expected but 

the expected dose consequences due to radionuclide transport to the Ohio River 

are extremely small. A more pessimistic calculation of the doses resulting to 

someone who consumed the leachate prior to mixing with the Ohio River was also 

performed. The results of this analysis are presented in' Table 5.4. The table 

shows that for even this pessimistic case, the dose consequences are small (49 

mrem to the bone). 
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Table 5.3 Doses to the Nearest Resident and the General Population As a 
Result of Radon Releases Before and After Site Stabilization 

Dose to Bronchial Epithelium (rem/yr) 

Status Emission Rate Nearest Resident General Population 

Prior to Stabilization 6.8x1O 2.2x10 5 2.4x10' 
m2-sec 

After Stabilization 1.3x1O Pc.!_ 8.lxlO 6 1.6x10 5  
m2-sec 
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Table 5.4. Estimated Dose to a Hypothetical Individual Consuming I.ea
chate 

at a Point Just Prior to f'lixing With the Ohio River. 

Dose to Various Organs (rem) 

Radioi sotope 

Ra-226 

Ra-228 

Th- 230 

Th-232 

U-234 

U-238 

Concentration 
(pCi/mi) 

- 

3.lxlO'' 

0 

9. Ox 10 16  

1.2x10'5  

1.3x10 8  

1.3x10 8  

Total 

BodL 

1.1x10 2  

0 

<io-' 
2.8x1O °  

i.0x10 3  

9.5x1O  

2. 7x10 7  

0 

1.9x10'°  

1.Ox1O 3  

9.5x1O 

1.5x1O 

0 

4.3x10 9  

1.8x10 2  

1.6x10 2  

1.6x10 5  

0 

9.7x1O' 

1.2x10 3  

1.lxlO 3  

01 
01 Total 1.2x10 2  1.9x10 3  4.9x10 2  2.3x103 



Non -Radiological 

In addition to the radiological consequences of the proposed action, 

there. will be some non-radiological impacts. The impacts of concern in this 

assessment are those associated with air and water quality. The air quality 

impact is the result of dust during stabilization and the water quality impact is 

the result of siltation, also during stabilization. 

Dusting during construction has been estimated and presented in the 

previous paragraphs. The results were presented in Figure 5.1 and it shows that 

air quality standards are expected to be met a short distance off-site. These 

consequences from a non-radiological standpoint are similar to that which might 

be expected from the farming activities which occur in other areas of Washington 

Bottom. 

A second non-radiological impact associated with the proposed action is 

siltation and its impact on water quality. It is estimated that during the 

constiuction of the soil stabilization facility a total of about 15 acres of 

ground will be bare of vegetation and/or otherwise disturbed. This disturbed 

area can readily be managed and the consequences of reasonable siltation 

management practices would be that no significant impact should be noticed in the 

context of the Washington Bottom area with its farming activities. 

Another non-radiological impact associated with the proposed action 

will be the disturbance of about 10 to 15 acres of Amax property to secure 

topsoil for the final earthen cap at the burial site. Removal of about 18 inches 

of soil will first be required to get root-free dirt. It is estimated another 18 

inches will then have to be excavated to meet the requirements for covering the 

clay cap. This activity will result in the surface depression of a fairly large 

area or a number of smaller areas. Such areas will probably become swampy as 

have otherareas on the site where shallow excavations have been made. 
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5.2 CONSEQUENCES OF OFF-NORMAL. CONDITIONS 

Radiologi cal 

Off-normal situations are also potential reasons for environmental 

impacts. The most severe accident is considered to be the degradation of the 

clay cap which will result in leaching of the waste contents. In evaluating the 

accident it was assumed that the soil cover is intact but the clay cap is 

fractured so that rainwater can penetrate the contaminated material and leach 

contained radionuclides. Using the water balance method developed by 

Thornthwaite20  and the Parkersburg meteorological data9, leaching is expected to 

occur during the months of January through April. Details of the leach analysis 

are presented in Appendix B. Section B.3. 

The dose consequence of this postulated accident were calculated 

assuming that a person received all of their water from a contaminated well near 

the Ohio River. The concentration and associated dose levels for this postulated 

accident are shown in Table 5.5. This shows that the critical organ is the bone 

of the well user and that the 50-year dose comitment is moderate, 690 mrem. 

Non-radiological 

A potential non-radiological release that could arise from failure of 

the cap would be a leaching of non-radiological components from the buried waste. 

Principal contaminates which might be contained in the waste are zirconium 

tetrachloride (ZrCl4), magnesium chloride (MgCl2), as well as metallic zirconium 

and magnesium. The greatest source of chloride is thought to be MgCl2. Because 

it is quite soluble in water (54g/100. ml H20) it will be leached relatively 

quickl.y producing a chloride concentration in the leachate of up to about 400 

g/liter. This level would be diluted when it reached the groundwater but might 

be detectable. If it were detectable, the chloride ion would be a good indicator 

that some other waste material was also being leached. 
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Table 5.5. Calculated Consequence of Off-Normal Waste Leaching Conditions 

Concentration of 
Dose Resulting from Drinking 

P i-Iimnaie1idt t*J 11 
Contaminated Water (Rem/50 years) 

Total Body Liver Bone G.I. Tract 

1.1x10 2  2.7x10 7  1.5x10 2  1.6x10 5  

<10_ 15  <10_ 15  <10_ 15  <10_ 15  

5.6x10 3  3.8x10 9  8.6x10 8  1.9x10 9  

2x10 2  2x10 2  3.6x10' 2.9x1O 2  

1.9x10 2  1.9x10 2  3.2x10' 2.2x10 2  

4.1x10 2  3.9x10 2  6.9x10' 4.6x102 

(tiCi/mi) 

3.1x10'' 

1.8x1O' 

2.4x10" 

2.6x10 7  

2.6x10 7  

u-I 
00 

Radionuclide 

Ra -226 

Th-230 

Th-232 

U-234 

U-238 



The buried pyrophoric material is expected to oxidize slowly to a 

stable ZrO2  form over a long time period. The soil cover acts as an oxygen 

diffusion barrier which prevents any oxidation from occurring rapidly. 

5.3 SLRlMARY EVALUATION 

The previous parts of this section have presented quantitative analysis 

of the impacts associated with the proposed site stablization plan.. This part is 

intended to sumarize this evaluation considering the guidelines identified in 

Section 2.1. Table 5.6 presents a comparison of the status of the proposed 

action relative to the guidelines. The table show.s that the projected 

performance is adequate, provided that measures are taken to assure continued 

design performance of the passive protection systems. The issue of uncertain 

groundwater flow directi.on is recognized. Current groundwater flow patterns 

(toward or away from the river) are acceptable. Concern would be appropriate if 

significant water pumping were to occur in the area which would change 

groundwater flow direction and rate. 



Table 5.6 Summary Comparison of Status of the Proposed Action Relative to the Guidelines 

Guidel me Status 

. Uncomplicated geology/hydrology 

. Easily and rapidly drained 

• Control of dust 

• Verification of completeness of cap's seal 

• Verification of drainway performance  

Geology is not complicated but hydrology 
is complicated by the apparently fluctuating 
flow rate and direction. 

If constructed and operated as discussed in 
Section 3.1.3, drainage should be adequate. 

No mention made in performance plan, but it 
should be done to reduce occupational and 
offsite dose consistent with ALARA philosophy. 

No mention is made in the stabilization plan 
of verification activities. This is probably 
more appropriate for NRC as the regulatory 
authority. 

No mention is made in the stabilization plan 
of verification activities. This is probab1, 
more appropriate for NRC as the regulatory 
authority. 



Table 5.6 (Continued) 

ON 
I .  

• Maintenance activities to assure passive 
performance 

• Monitoring annual dose to assure nearest 
resident receives less than 25 mrem/year 
whole body and organs other than the thyroid, 
less than 75 mrem/year thyroid 

• Monitoring plant groudwater. 

No stated plan but the items addressed in 
Section 3.1.4 should be covered. 

Projected doses are 2.4 mrem/year the 
bronchial ephithelium, less than the 25 mrem/year 
guidelines. 

If current sampling plans continue they should 
verify the performance of the clay cap in pre-
venting material leaching. 



APPENDIX A 

The purpose of including this appendix in the environmental assessment 

is to identify and explain why certain environmental components are not. issues in 

connection with the proposed action. Further, its inclusion is to provide 

assurance that possible impacts of the proposed action on all environmental 

components have been investigated and assessed. 

Environmental issues are classed as key, significant, and minor. Key 

environmental issues are those that could prevent the proposed action. 

Significant issues are those that would not necessarily prevent the proposed 

action but require thorough investigation and possible plan, program, or 

procedure modification in order to obviate or mitigate environmental impacts to 

an acceptable level. Minor issues are those which are very short-term in nature, 

can be obviated or mitigated by the use of alternative but standard engineering 

practices, or are of such small magnitude that their environmental effects are 

well within the legislated limitations, i.e., they are insignificant. Those 

environmental components which will not be subject to any adverse impacts as a 

result of the proposed action are classed as "non-issues." Identification and 

justification for such classification of the following listed environmental 

components is provided below: 

Climatology/Meteorology - Climatological impacts or changes result from changes 

in the physics of the upper,  atmosphere, stratosphere and ionosphere. These kinds 

of changes would, in turn, alter meteorological characteristics of a local area. 

Very localized, short-term, small-scale changes in meteorological phenomena have 

been observable at certain large metropolitan areas under specific meteorological 

conditions. Such alterations have been due to city-generated heat or industrial 

and transportation-related pollution. These pollutants will not be generated at 

the Amax site as a result of implementation of the proposed action. 
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Geoloqy- The proposed action does not Jnvolve any significant construction, but 

rather will result in some minor changes to the surf ace expression in a small 

area (approximately 11 acres). No significant excavation is planned so no 

subsurface strata will be disturbed or altered in any way. 

Historical and Archaeological Resources - There is no evidence that the 

previously developed 126 acres on the Amax property trespassed on any historical 

or archaeological resources. The proposed action does not consist of any,  

expansion of the presently developed area. Therefore, these resources will not 

be impacted. 

Hydrology - The proposed action will result in the construction of a mound 

approximately 700 x 700 feet in area the highest point of which (the center) will 

be about 9 feet above the existing grade. This will result in no increase in 

total runoff from this area and while perimeter drainage ways will be provided, 

they will lead into existing natural drainage channels so there will be no net 

effect on the local surface hydrology. Likewise, due to the small area covered 

by the impermeable clay cap, there will be no significant effect to the vadose 

zone. 

Land Use - The proposed action involves stabilization of portions of previously 

industrialized land lying within the Amax property limits. There will be no 

areal expansion beyond the present property boundries due to the proposed action. 

Therefore land use, for the purposes of this environmental assessment, is not an 

issue. 

Natural Resources - Water - The use of natural resources in carrying out the 

proposed action will be insignificant. A number of thousands of gallons of water 

may be required for dust suppression during construction, but this is returned 

imediately to the environment. 
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Soc i oecon omi cs - The proposed project will be short-term (four to s i x months) and 

offer employment to no more than a dozen persons. It would, therefore, have no 

affect on the elnents that comprise socioeconomics as an environmental 

component. 

Species and Ecosystems - The area is not a habitat for any threatened or 

endangered species. The fact that the site has been industrialized for over 20 

years renders it unattractive to all but small forms of wildlife. SOil 

conditions and dearth of vegetation •in the area of the former Amax complex would 

make that particular portion of the property even less habitable. 
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APPENDIX B 

DISCUSSION OF THE WASTE LEACHING PHENOMENA 
AND ASSOCIATED CONSEQUENCES 

The leaching of waste constituents (U, Th, Ra, etc.) from the 

buried contaminated soil and the subsequent transportof these contaminants 

to a potable water supply is a general release scenario of concern in this 

environmental assessment. Quantitative estimates. of the release amounts and 

the consequences of these releases are developed and presented in this appen-

dix. Section B.1 presents estimates of the water balance for the soil cover 

overlaying the clay cap. These estimates show the timing and amount of water 

available at the upper layer of the clay cover. Section B.2 presents esti-

mates of the amount of water that penetrates the clay cap under normal condi-

tions and also estimates the transport of waste constituents away from the 

burial site. Section B.3 presents estimates of the leaching of waste constitu-

ents in off-normal conditions where the claycap may be fractured. Section B.4 

presents estimates of the leaching that occurs when no waste burial action is. 

taken. Section B.5 presents a summary of the leaching analysis presented in 

previous sections and draws conclusions concerning the effectiveness of the 

proposed action. 

B.i WATER BALANCE FOR THE COVER SOIL 

The soil cover .which is proposed to be placed over the clay covered 

contaminated soil acts as both a deflector for incident rainwater as well as 

an absorber of water which moderates the amount of water available at the top 

of the clay cap. A method of quantitatively estimating the availability of 

water at the top of the clay cap is presented in an EPA document1  which draws 

heavily on previous work by Thornthwaite.2  This technique has been used, 

together with data on Parkersburg, West Virginia meteorology3  and Wood County 

West Virginia soils, 4  to develop quantitative estimates of the water available 

at the upper surface of the clay cap. Table B.i presents the results of this 

analysis and shows the expected amount of water at the surface of the clay cap. 

The table shows that water is expected at the cap only during the months of 

January through April. In other months the evapotranspiration potential and 
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TableB.1. Amount of Rainwater Expected to Reach the Top of the Clay Cap Each Month. 

Month 

Jan Feb Mar Apr May June July Sept Oct Nov Dec 

Mean Monthly Temperature °C 0.5 1.2 6.3 12.0 17.5 22.1 24.0 23.2 19.9 13.4 7.0 2.0 

Average Monthly Precipitation (cm) 8.3 7.1 9.0 8.2 8.8 10.4 10.8 9.4 7.1 6.1 6.4 7.3 

Predicted Drainable Water (cm) 1.9 6.0 6.1 1.9 0 0 0 0 0 0 0 0 

Note: The field capacity is estimated to be 0.4cm H20/cm soil. 
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the soil capacity are such that free water does not exist at the upper clay 

surface. 

B.2 WATER PENETRATION OF THE CLAY CAP 

Water that reaches the top of the clay cap can either run off the 

sides into the drainways or can penetrate the clay cap. Estimates of the 

amount of water which goes each way can be developed using the technique 

described by Wong5  which is also discussed in an EPA report.6  The model 

developed by Wang is based on analysis of a rectangular saturated volume 

which retains its rectangular shape while it either penetrates the clay liner 

or flows toward the drain. A graphical integration technique is used for the 

equation 

vi _ lh 
 ~—o (TO 

The fundamental equations required to do this graphical integration are: 

= 1 - t/ti so  

h - 

~ h0cos0 et't1' 
d 

1 h0cos0 

with t1  = s o /(ki sine) and 

k = • 

where 

= fraction of water volume, which goes to the drain system 

s = length of the saturated volume at time t (cm) 

s o = length of the saturated volume at time = 0 (11,500 cm) 

h = height of the saturated volume at time t (cm) 

h0  = height of the saturated volume at time = 0 (76.2 cm) 

t = time (sec) 

k1  = saturated hydraulic conductivity of cover soil (4.23x10 cm/sec) 

k2  = saturated hydraulic conductivity of cap (1x1O cm/sec) 

d = thickness of the clay liner (30.5 cm) 

0 = angle of the mound slope (13.7°) 

B-3 



The h/h0 VS S/S Q  results. are plotted in Figure 8.1 so that the graphical inte-

gration can be made. Two curves were drawn, one for the pessimistic reference 

case with values listed above and one for a more optimistic case with a higher 

saturated conductivity for the cover soil (4.23x10 3  cm/sec). Integration of 

the curve shows that drain efficiency is expected to range from 780/0/ to 97.5%. 

This means that an estimate of the annual leach generation rate can be made 

as follows: 

V =  AdTj  
where V = leach volume103 (z) 

A = area of the burial zone (4.05x108  cm2 ) 

= 1.4x106  liters d = annual depth of rainwater to reach the top 

of the clay cap (15.9 cm) 

n = fraction of water seeping through the liner 

(.22) 

This is an estimate based on the lower drain efficiency factor. If the higher 

drain efficiency factor (.975) is used, a water volume of 1.6x105  liters is 

obtained. 

This leaching will result in a solution containing waste components. 

The initial concentration of these waste components can be estimated by assuming 

that sparingly soluble but, plentiful components (e.g., uranium, thorium) are at 

their solubility limit while more soluble but less plentiful components (e.g., 

radium) are totally solubilized. 

After waste components have been solubilized and are transported by 

the flowing water the concentration of these materials will decrease due to 

three phenomena; dispersion, adsorption and decay. A simplified expression 

which is a useful estimator of waste component concentration after release 

from the burial site is the following equation7  

= C 0 V 0  e

-  XT 

8x1O3(Trr)3'.2 'DxDyDz 

where C = resulting concentration (i.iCi/i) 

C O  = initial solute concentration (i.iCi/Z) 

V 0  = leachate generation (m3 ) 
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D = diffusion coefficient (m2/yr) 

L = distance from leachate entry point (m) 

X = radionuclide decay constant (yr 1) = in 2/half life in years 

T = solute travel time for distance L (hrs) = (1 + pKd/O) 

V = groundwater velocity (m/yr) 

p = bulk density of the medium (g/cm3 ) 

Kd = distributiàn coefficient for the particular species in the 

particularmedium (ml/g) 

0 = effective porosity of the medium 

A summary of the waste inventories, initial leachate concentration 

and leachate concentration at a point 670 meters west of the site (just prior 

to mixing with the Ohio River) is presented in Table B.2. Several major 

assumptions which were made in constructing this table are: 

1. The puff dispersion model is a reasonable predictor of the 
concentration -levels at different locations down the flow 
stream from the release point. This would appear to be the 
case because the release time (0.25 years) is much less than 
the travel time to the observation point (100-300 years). 

2.. The concentration of parent isotopes (U-238 and Th-232 
are based on measurements reported by ATCOR, Inc.8  and 
are set at 1.8 and 2.5 Ci respectively. - 

The concentration of daughter isotopes down to actinium and 

- 
proactinium are assumed to be in equilibrium with the parent 
isotopes because of their limited solubility. 

Radium and its daughters will exist at levels significantly 
below equilibrium levels because its moderate solubility 
(about 11 grams/liter) allows it to be washed away by each 
year's water seepage (1.6x10 liters). In fact, only one 
year's amount of production will be assumed available during 
the start of the leach cycle. 

The consequences of these normal releases can be bounded by examining 

the dose consequences to anyone drinking the water prior to entering the Ohio 

River. Any doses resulting from water consumption after the dilution by the 

Ohio River would be orders of magnitude lower. 

The 50-year dose commitment to an individual whose annual water intake 

consists entirely of contaminated water would be: 



Table B.2. Calculation Table for the Leaching and Transport of Radionuclides 

from the Proposed Amax Inc. Burial Mound. 

Radionuclide 
Waste 

Inventory (Ci) 

Ra-226 1.5x10 5 ' 

Ra-228 0 2  

Th-230 1.8 

Th-232 2.5 

U-234 1.8 

U-238 1.8 

Initial Leachate 

Concentration, C0V0  Coutlet 

Cp(iCift) (pCi) X(yrj' T(yr)  

9.4x10 5  1.5x10' 4.4x10 216 years 3.1x10 8  

0 0 1.0xlO' 216 years 0 

4.6x10 7.4x10 8.4x10 6  324 years 9.0x10 13  

6.4x10 9  1.0x10 3  5.0x10 1' 324 years 1.2x10 12  

1.3x10 2  2.1x103  2.6x10 6  109 years 1.3x10 5  

1.3x10 2  2.1x103  1.5x10'°  109 years 1.3x10 5  

' 
CRa_226 CTh_230(1_e_ ATh230(1)) - i.e., the amount of radium-226 produced in one year. 

2 
 CRa.228 CTh232(1eTh232(1)) - i.e., the amount of radium-228 produced in one year. 

Leach volume - 1.6x105  liters, over a four-month period. 

A = in 2/half-life in years 

T = travel time = 0 + PKd  t); L = 670 meters; v - 700 meters/year; p = 1.8 9/cm3 ; 0 = 0.4; Kd = 50 mug for 

thorium and 25 mi/gram for uranium. 



D1 = CjIwDCFj 

where D.j = 50-year dose commitment from isotope i (rem) 

Cj = concentration of isotope i ('.iCi/Z) 

Iw  = individual's annual water intake (800 2/yr) 

DCFi = 50-year dose conversion factor (remhiCi) 

A summary of the calculated doses is presented in Table B.3. The 

table shows that doses are minimal with doses of tens of inillirem being received 

by the total body and the bone. From this it can be extrapolated that the more 

probably doses which would result from radionuclide consumption following dilu-

tion into the Ohio River would be nondetectable. 

B.3 OFF-NORMAL LEACHING CONDITIONS 

In addition to the normal leach conditions discussed in Section B.2 

it must be recognized that a degradation of the cap could cause additional 

leaching to occur. Accurate prediction of the degree of cap failure is 

impossible to predict but some reasonable assumptions can be made and the 

effects evaluated. For this particular analysis, it is assumed that the clay 

cover is effective in diverting only 50% of the water at its upper surface. 

This means that a leach volume of 3.2xlO6  liters are generated annually. The 

impact of this is presented in Table B.4 which is a simplified version of 

Table B.2. This table shows a factor of 20 increase in the concentrations 

of thorium and uranium. This would mean an increase in doses from uranium 

from those established in Table B.3. 

B.4 LEACHATE CONCENTRATION IF NO ACTION IS TAKEN 

It is also possible to estimate the leachate concentration resulting 

from the present situation where no waste cover exists. The estimate is gene-

rated by assuming that: 

Each year's generation of radium (1.5x10 5  Ci) is washed away 
because of its significant solubility. 

The annual amount of leachate produced is 50% of the annual 
precipitation times the contaminated area (10 acres) or a volume 
2x107  liters. 

With these assumptions, Table B.5 has been prepared. Analysis of the table 

shows that the predictive models for radium and thorium appear reasonable in 



0 

Table B.3. Estimated Dose to a Hypothetical Individual Consuming Leachate 
at a Point Just Prior to Mixing With the Ohio River. 

Dose to Various Organs (rem) 
Concentration Total 

Radioisotope (pCl/mi) Body Liver Bone G.I. Tract 

Ra-226 3.1x1O" 1.1x10 2  2.7x10 7  1.5x10 2  1.6x10 5  

Ra-228 0 0 0 0 0 

Th-230 9.0x10 16  <10 15  <10 15  <10 15  <10-15 

Th-232 1.2x1O 15  2.8x10 10  1.9x10 10  4.3x10 9  

U-234 1.3x10 8  1.Ox1O 3  1.0x10 3  1.8x10 2  1.2x1O 3  

U-238 1.3x10 8  9.5x1O 9.5x10 1.6x10 2  1.1xlO 3  

Total 1.2x10 2  1.9x10 3  4.9x10 2  2.3x103 



Table B.4. Calculation Table for the Leachate Concentrations 
Under Off-Normal Conditions. 

Waste Initial Leachate Coutlet 
Radionuclide Inventory (Ci) 1 Concentration (iCi/Z) 2 (i.iCi/i) 

Ra-226 1.5x10 5  4.7x10 6  3.1x10 8  

Ra-228 0 0 0 

Th-230 1.8 4.6x10 9  1.8x10" 

Th-232 2.5 6.41079  2.410 1' 

U-234 1.8 1.3x10 2  2.6x10 4  

U-238 1.8 1.3x10 2  2.6x1O 

1  Initial inventories same as in Table 6.1. 

2  Initial concentration ofradium decreased by dilution effect; Th, U are 
unchanged because they are based on solubility limits. 

The same factors used for A and fort in Table B.1 are used here. 

AM 



Table B.5. Predicted and Measured Leachate Concentrations 
Beneath the Amax Inc. Site 

Radionuclide Predicted (pCi/z) Measured (pCiR) 

Ra-226 0.75 0.04 

Th-230 0.0046 0.006 - 0.016 

Th-232 0.0064 0.001 - 0.013 
U (234 and 238) 263,000 0.5 - 2.0 

B-li 



that they compare with predicted numbers within an order of magnitude. The 

uranium leachate is overpredicted by a significant amount. Two possible 

reasons for this overprediction are 1) selective adsorption of leached uranium 

before or after it reaches the water table, or 2) a very slow reaction rate 

(kThetics) for the dissolution of uranium at lower temperatures (:~250C). This 

second phenomena has been reported by Ogard et al . 

B.5 SUMMARY 

This appendix has presented a quantitative analysis of the hydrologic 

performance of the proposed contaminated burial site. The analysis has shown 

that the concentration of radioisotopes in the leachate is minimal and that the 

doses resulting to a hypothetical person who might consume the leachate before 

it is mixed with the Ohio River are minimal (49 mrem/50 years to the bone). The 

more credible doses which would result to someone using or consuming Ohio River 

Water would be many orders of magnitude lower because of natural dilution with 

the Ohio River waters. Under off-normal or no action conditions the amount of 

uranium and thorium leached would be increased with a resulting increase in 

downgradient uranium.and thorium concentrations. The result is doses which 

increase by about an order of magnitude. 

Based on the ability to predict existing groundwater concentrations, 

the quantitative predictions are considered to be accurate within an order of 

magnitude for radium 226 which is one of the major dose contributing isotopes 

and pessimistic for uranium 234 and 238 which are the other major dose contribut-

ing isotopes. 
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APPENDIX C 

CALCULATION OF RADON FLUX FROM THE PROPOSED BURIED MOUND 

This appendix summarizes the method used for estimatingthe radon 

- emission rate from the proposed burial mound and presents the calculations 

which establish the estimate. 

Radon exhalation from radioactive waste can be attenuated by pro-

viding covers over the burial site. The degree of radon emission attenuation 

depends upon the cover material's ability to restrict the diffusion of radon, 

and the cover thickness. The method used in this assessment for estimating 

the radon attenuation through a cover is based on Appendix P of "Final Generic 

Environmental Impact Statement on Uranium Milling" report (NUREG-0706). 

The proposed burial site will consist of radioactive soils covered 

by a composite soil cover. The materials and thickness of the cover are 

illustrated in Figure 3.14. As shown in this figure, the cover is comprised 

of a 6-inch layer of clayey soil, a 12-inch layer of impermeable clay and a 

30-inch layer of vegetated top soil. 

The calculation for the rate of radon diffusion through a composite 

soil cover can be obtained using the following equation: 

n n 
= 

'o 
exp (-E 

b m m 
x ) 

m=1 
(1) 

where: 

= radon flux at the surface of the n 
th  layer of the cover (--) 

= radon flux at thesurface of the radioactive soil layer 

pCi 
'm2Sec 

1-2 
b = 
m 'Dm ' 

X = decay constant of radon isotopes (sec') 

Dm = effective bulk diffusion coefficient of the mth  layer sec 
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= porosity of the soil material of the mth  layer 

Xm the thickness of the mth  layer (cm) 

The function f is given by the following expression: 

2 (2)f= 

__ -i rn-i 
) 

rn 1 _rn-i rn-it 
' e 

rn rn _ 

m P• 

I m rn 

0 /P 1½ 
- 

, -2b x 
(i 

+ rn + (1 
D /P - P 

I 
 D /P j m i m  m rn 

The term for the radon flux at the surface of the radioactive soil 

is given as' follows: 

xoi½ 
3 = [Ra]PEFI (104 

 crn21m2) 0 1P 0- 

where 

[Ra] = concentration of radium in the contaminated soil (i-) 

p = density of the contaminated soil (g/cc) 

E = emanating power 

The sources of radon generation considered in this study are Th-232 

for Rn-220 and U-238 for Rn-222. The decay chain of Th-232 generates Ra-228 

which then decays to Rn-220. Because of the long half-life of -Th-232, the 

annual amount of leachate generated and the high solubility of Ra-228, the 

amount of Ra-228 estimated to be accumulated in the mound is negligible. Thus 

generation of Rn-220 will not be significant. On the other hand, the decay 

chain of U-238 produces during one yearmeasurable amounts of Ra-226 which in 

turn decay to Rn-222. The estimated quantity of Ra-226 generated in the burial 

mound each year icalculated at 1.5x10 5  Ci (see Appendix B). This quantity 

of Ra-226 concentration is associated with about 10,000 cubic yards of soil and 

so the average concentration is 1.4x10 3  jj 
gm 

(3) 
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The average density of the contaminated soil is assumed to be 

similar to the average density of the natural soil at the site which is about 

1.3 g/cc. The emanating power represents the percentage of the quantity of 

radon gas available for release from the contaminated soil in which it is 

generated. The emanating power can then be assumed at 20% as was done in 

NUREG-0706. 

Values of the effective bulk diffusion coefficient (D) may be 

measured experimentally for any given material at ambient moisture level and 

expected degree of compaction. In cases where values of D are not readily 

available, they can be obtained through the use of an empirical equation 

obtained from experimental data: 

= 0.106 exp (-0.261 M) (4) 

where M is the weight-percentage of soil moisture, D is the effective bulk 

diffusion coefficient and P is the porosity of the soil. 

The moisture percentages of the different layers of the mound cover 

are not readily available, thus approximate values are estimated for these 

layers as follows: 

o For the excavated radioactive soil or layer (0), the soil 
moisture percentage is estimated at 6 to 8% which is typical 
for non-clay soils. 

o For layer (1), the soil can be termed as clayey material, 
thus the moisture percentage is assumed to be from 8% to 
1 (C/ 
A. LI /0. 

o The layer (2) consists of highly impermeable clay., thus 
its moisture percentage is assumed to be from 9% to 15%. 

o The moisture percentage of the top soil layer or layer (3) 
is again assumed to be from 6 to 8% as in layer (0). 

From.the estimated moisture percentages, equation (4) can thus be 

used to calculate the ratio of the bulk effective diffusion coefficient and 

the porosity of the soil for each individual layer (Dm/Pm)• 

Layer (0): Maverage = 7% 

D o  = 0.106 exp (-0.261 x 7) = 0.017 cm2 /sec 
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Layer (1): Maverage = 9% 

= 0.106 exp (-0.261 x 9) = 0.010 cm2/sec P1  

Layer (2): Maverage = 12% 

= 0.106 exp (-0.261 x 12) = 0.005 cm2/sec P a  

Layer (3): Maverage  = 7% 

= 0.017 crn2/sec 
P3  

The porosity of each soil layer is calculated from the following 

equation: 

• Porosity (P) = 100% - 
x 100) 

particle density 

The following data on bulk density and particle density for each 

layer are estimated from literature information. 

Bulk Density Particle Density 

Clay , 1.65 g/cc 2.65 g/cc 

Clayey soil 1.60 g/cc 2.65 /cc 

top soil 1.30 g/cc 2.65 g/cc 

Thus the calculated porosity values of layer (0)1, (1), (2), and (3) 

are 51%, 40%, 38%, and 51% respectively. 

Table C.1 sumarizes the pertinent properties of each layer. 
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Table C.I. Estimated Properties of the Material 
of the Cover Layers 

Layer Type of Soil Dm/Pm  (cm2/sec) P ( 

(0) Silty loam, clayey loam 0.017 51 

 Clayey soil 0.010 40 

 Clay 0.005 38 

 Silty loam, clayey loam 0.017 51 

The thickness of layers (1), (2) and (3) are respectively. 15 cm, 

30 cm, and 75 cm. 

Estimate for Rn-222 Generation 

As discussedpreviously, the source of Rn-222 generation is Ra-226 

which is a decay product of U-238. The concentration of Ra in the contaminated 

soil available for Rn-222 generation is estimated at 1.4x10 3pCi/g. 

The radon flux at the surface of the radioactive soil can then be 

calculated using equation (3). With 

A = 2.1x10 6  sec' (Rn-222 decay constant) 

= 0.017 cm2 /sec 

E = 0.2 

p = 1.3g/cc 

then J0  is given as follows: 

J O  = (1.4x10 3 )(1.3)(0.2)(2.1x10 6  x 0.017)(10) 

= 6.88x10 pCi/m2 sec 

To calculate the radon flux at the surface of the top soil layer (J3), equation 

(1) can be rewritten as follows: 

m=3 m=3 
= 

0 m=1 
exp 

m1 
 bx) 
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or 

= Jo (f1fzf) exp (-[b1x1+b2x2+b3x 3]) (5) 

bx = () mm Dm Xm  

XP1  ½ 2.1x106 ½ 
b1x1 = (-a--) x1 = ( 0.010  ) (15) = 2.175x10' 

AP2  ½ 2.1x10 6  
b2x2  = (-5;--) x 2 

( 0.005 
(30)•= 6.15x10 1  

XP3  ½ 2.1x106 -2
b3x3 = (- --) x 3  = 0.017 ) .(75) = 8.325x10 1  

and f 
m 
 is presented as in equation (2); thus: 

f 
= 2 —=0.895 

P 1 0/p0  1-2
+ (1 

P0 I
DI/PlI 
D0/P0  1-2  e_2b1X1+ j - ) 

where P0  = 0.51; P1  = 0.40; 00/P 3  = 0.017 cm2 /sec; D1/P1 0.01 cm2/sec and 

b1x1  = 2.175x10' 

f2 = 
2 = 0.853 

(1 + f 
~ D2/PZ I 
Di/P11 ½) + (1 - 1  101/P1 I ½ e 2b2X2  

P2  p fQ/p  ) 

where D2/P2  = 0.005 cm2 /sec, P2  = 0.38, b2 x2  = 6.15x10' 

2 
f3  = 1.319 

+ P2  ID2/P21 ½) + (1 - -- 102 /P2 1 ½ e 2b3X3 
P7 (1 

D3/P3 P3  Io3,p31 

where D3/P3  = 0.017 cm2/sec; P3  = 0.51; b 3 x 3  = 8.325x10 

thus: 

= J o  (f1f2 f 3 ) exp (-[b1x1 + b2x2  + b3x3]) 

= 6.88x10 
mc 

 (0.895)(0.853)( 1.319)e0*2175 
+ 0.615 + 0.8325) 

= 1.31x10 pCi/m2sec 
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INTRODUCTION 

To ensure against groundwater contamination by the disposed 

materials at the AMAX property in Wood County, West Virginia, it 

is necessary to accomplish two objectives. These objectives 

are: 1) demonstrate that the wastes will not come into contact 

with a zone of saturation underlying the site, and 2) cover the 

wastes with a material with a permeability sufficiently low that 

water is prevented from infiltrating them, saturating them and 

subsequently moving downward toward the water table beneath. 

To achieve the first objective, it is necessary to deter-

mine the location of the permanent groundwater table beneath the 

proposed waste disposal site and to ascertain the absence of low 

permeability hydrostratigraphic units beneath the site that 

could cause perched saturated zones to form above them and above 

the permanent water table during the periods of high runoff and 

infiltration. Such perched saturated mounds, if they exist, are 

known to dissipate laterally and can cause saturation of wastes 

located above the perching hydrostratigraphic unit even if in-

filtration from directly above the waste is prevented by a low 

permeability cover. The occurrence of this phenomenon has been 

demonstrated and studied at the DOE disposal site in Idaho for 

example, but it was not found to occur in the study area, as 

will be described subsequently. 

The field investigation at the AMAX Wood County site uti-

lized state of the art drilling methods, sampling procedures, 

and borehole geophysical logging to define the hydrostratigraphy 

at the site. in addition, a backhoe was employed to excavate 

several pits on the property. These pits extended to depths of 

11 to 12 feet. The materials in the walls of the pits were in-

vestigated according to the procedures described in the STi1TT) 

reportfor Conultants (Auust 1-980) 

Be 
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The results of the investigation of the•backhoé pits indi- 

cate that aiayerof1iyyilt of t kTssranging fromltô 
ro fëét bV fioStThf hé surfaèi öfthe djinE to ànd 
inãñé lan bèñeãth 

The borehole geophysical logging data and the samples from 

the two boreholes drilled at the site in combination indicated 

that the aforementioned surficial fine grained layer is under-

lain to bedrock by a section of fine sand to coarse gravel. 
...................................................--- Bedrockat.the site is approximately 100 feet beloi ground 

sflfãé1 ieTnges between 50-1  
aEd 55 ft below ôithd sfãé 

iisE 5 EhéTEei .blandth èã±T fiñT rairied fl ãT 

ofi IE)T h7dötrattg rphiun it$whi c h UId - be èxpcctéd €q aáTT. 
asperhthhi' This observation is substantiated in sub-

sequent discussions of the borehole geophysical.logging program 

and of the collection of field data. 

One can conclude, therefore, that a disposal cell located 

in the upper 20 feet of the unsaturated section and covered by a 

low permeability clay cap would not encounter saturated condi-

tions. The lowermost portion of the wastes would lie at least 

30 feet above the regional water table. The implications of 

this conclusion in the context of the design of the proposed 

disposal facility at the site are discussed in this report. 
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DESCRIPTION OF BACKHOE PIT NEAR MONITOR WELL NO. 1 

'Ahöpit11 feet in depth was eca&d60féet"east 
fMoitor t'jell No 1 One of its purposes was to provide in- 

formation on the upper 10 feet of material present at the site 

because of the difficulties encountered in obtaining drillhole 

information at this shallow depth. The pit was logged as 
follows: 

Depth in Feet Material Classification 

0.0-0.5 - man-made fill 
0.5-3.0 clay, very silty and sandy 

(CL-ML) 
3.0-11.0 gravel, very sandy, slightly 

silty (GP-GM) 

* For maps showing locations see: "Stabilization Plan, Wood 
County, West Virginia," by AMAX Environmental Services, Inc., 
Sept. 1980. 
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DESCRIPTION OF BACKHOE PIT NEAR MONITOR WELL NO. 2 

Akhoe pi€I2Tf èI€ TI?Fd h iaEêd60 fee t r' h•- - 

ëtôfTh6iiitor Well No 2 The purpose of the pit 

obtain more precise data on the upper 12 feet of the materials 

in the vicinity of Monitor Well No. 2. The upper portion of a 

section near Monitor Well No. 2 was known to be fine grained 

• and, based on experience at Monitor Well No. 1, it was anti-

cipated that difficulty would be encountered in recovering 

samples from the drill hole while this material was being pene-

trated. The backhoe pit was intended to remove this data gap. 

The backhoe pit revealed that the material in the vicinity of 

Monitor Well No. 2 consists of two feet of man-made fill (sandJ 

and gravel with some silt and clay) overlying one foot of a 

buried topsoil horizon. The bottom of the topsoil lies at a 

depth of three feet. Some of it has been reworked. Between the 

depths of three and eight feet, a clayey silt or silty clay 

exists. Between 8 and 9.5 feet this silty clay or clayey silt 

material grades into a fine grained sand.- The bottom of the 

hole at a depth of 12 feet encountered a clean fine to medium 

grained sand. As indicated in the section of this report that 

discusses borehole geophysical logging, the material between the. 

bottom of the backhoe pit and bT kiüYaceof 675fé con- 

sists of sand and gravel with no evidence of silt or clay 

lenses. 

In summary, the backhoe pit in the vicinity of Monitor Well 

No. 2 indicates that the wastes located east of the well could 

penetrate or extend into the fine grained surficial material 

described above, and bottom in the unsaturated fine to medium 

sand underlying the clayey silt or in the fine grained surficial 

material of approximately six feet in thickness. 
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TEST HOLE DRILLING PROCEDURES 

Two test holes were drilled at the AMAX Wood County site. 
The holes were multi-purpose. The primary purpose of drilling 
was to delineate the hydrostratigraphy beneath and adjacent to 
the proposed stabilization area. More specifically, the holes 
were designed to determine whether any fine grained strata occur 

• within the coarser grained sand and gravel stream terrace 
deposits known to exist at the site. The investigators anti-
cipated that obtaining samples of the sand and gravel terrace 
deposits from a borehole would be difficult. Coarse gravels are 
known to plug split spoon samplers, thereby precluding the entry 
of fine grained material into the sampler. This characteristic 
of gravel deposits presents difficulty in obtaining undisturbed 
in situ samples. The investigators proved to be correct. To 
overcome this limitation and still obtain a continuous hydro-
stratigraphic record from the boreholes, a decision was made to 
design the drilling program to accommodate borehole geophysical 
logging probes. Borehole geophysical logging probes provide 
optimal results when lowered and raised in an open hole (uncased 
hole). These conditions were achieved by drilling the holes at 
the Wood County site with an eight-inch mud rotary bit. This 
drilling procedure permits a bentonite slurry to be pumped down 
the inside of the drill stem and exit at the bit. The mud is 
flushed back up the hole alongside the bit.. The flowing mud 
carries the drill cuttings upward and out of the hole. The 
cuttings are then deposited in a settling pit built into the mud 
pumping circuit at the surface of the ground. When drilling is 
complete, pumping of the mud continues until all cuttings have 
been removed from the hole. The hole is then left full of mud 
with a specific gravity sufficiently high to prevent the walls 
of the hole from caving. This procedure allows the borehole 
geophysical probes to be lowered and raised in the hole through 
the mud. In the case of the Wood County site, the two holes 
were drilled to bedrock. Subsequently a neutron log, a density 

-5- 



log (gamma gamma), a three-arm averaging caliper log, and a 

natural gamma log were run in the two test holes. These logs in 

combination facilitate the identification of hydrostratigraphic 

variations as small as one-foot thick at the site. The inter-

pretatiori of the hydrostratigraphy at the site, based on the 

borehole geophysical log characteristics, is presented in sub-

sequent sections of this report. 

In an effort to obtain physical samples of the hydro-

geologic material encountered during sampling, split spoon 

sampling tubes were lowered periodically through the drill stem 

pipe via small diameter rods. The outside diameter of the split 

spoon sampler was two inches. The inside diameter of the samp-

ler was 1.5 inches. These dimensions proved to produce only 

limited samples because the grav1s present at the site tended 

to plug the sampler and prevent the entry of fine material into 

it. None of the efforts to obtain such samples in Monitor Well 

1 proved successful. However, in Monitor Well 2, five split 

spoon samples of limited volume were obtained. These samples 

are believed to be reasonably representative of the material 

present at the site. A portion of them was used to determine 

distribution coefficient values for thorium, as will be dis-

cussed in a subsequent addendum to this report. 

Grab samples of drill cuttings also were collected from the 

drilling fluid as it emanated from the drill hole and entered 

the drilling mud settling pit. These samples were collected at 

three-foot intervals in Monitor Well 1 and periodically in 

Monitor Well 2. This drilling and sampling procedure provides 

grab samples that are not directly representative of the hydro-

stratigraphy at the site. Only material with a grain size 

distribution coarser than coarse sand can be separated from the 

drilling mud. The fine and medium sand settles in the mud 

settling pit, and although it can be observed as it enters the 

pit, it is impossible to separate it cleanly from the mud. 

Therefore, to interpret the hydrostratigraphy from the drill 



holes, it is essential to interpret the geophysical logs jointly 

with the grab samples and the samples obtained with the split 

spoon sampler. This procedure has been followed in the sub-

sequent sections on borehole geophysical log interpretation. In 

combination, these three data sources yield reliable results 

with respect to the interpretation of the hydrostratigraphy at 
the site. 

The secondary objective of the drilling program was to 

provide access to ground water beneath and adjacent to the 

proposed waste disposal site. The two holes were drilled to 

bedrock. Monitor Well No. . was drilled to a depth of 99 feet 

10 inches (referred to hereinafter as 100 feet) and Monitor Well 

No. 2 was drilled to a depth of 96 feet 6 inches (referred to 
hereinafter as 96.5 feet) . After the borehole geophysical 

logging probes were lowered and raised through the mud in the 

drill hole, a four-inch outside diameter PVC schedule 80 pipe 

was lowered through the mud in the hole and bottomed on bedrock. 
• 

u 
--• 

-• • . - 

Thelower20feet—ofthe tbe was slotted to allow exit and 
_______ 

The drilling drilling mud was then removed from the hole 

by pumping water down the inside of the tube and allowing it to 

exit through the slotted portion of the tube and to flow up out 

of the hole alongside the tube. This procedure was continued 

until the drilling mud was removed from the hole. Monitor Wells 

1 and 2 were then finished according to the diagrams presented 

in Figures 1 and 2. The well finishing procedures consisted of 

the installation of a gravel pack at the bottom of the well 

around the slotted portion of the PVC casing. This gravel pack 

was covered with approximately five feet of sand. Approximately 

20 feet of cement grout was then tremied (pumped) into the hole 

outside the casing on top of the sand. This provided a seal 

that extended from below the water table to above the water 

table in each of the two wells. Native clayey silt 

cia was then used to backfill the holes to a depth approxi-  

mately 20 feet below ground surface. Powdered bentonite was  

then poured into the hole to a depth of six feet. It was 



possible to use dry bentonite for this upper seal because the 

holes were dry at these depths. A six-foot thick seal of cement 

grout was then installed to ground surface on top of the benton-

ite. The purpose of the detailed sealing procedure is to assure 

that no water originating at the ground surface is allowed to 

move down the pipes and into the saturated zone at the bottom of 

the piezometers and alter the characteristics of the ground-

water. 

Subsequently a 0.33 horsepower submersible pump was in-

stalled in each well and allowed to remain in place. These 

pumps were wired for connection to a portable generator so that 

a long-term monitoring program can be implemented after the 

waste stabilization plan has been completed. 

: 



GEOPHySICAL LOG CORRELATIONS - MONITOR WELL 1 (MW-i) 

AMAX-WOOD COUNTY, WEST VIRGINIA 

Ulonitoring Well 1 was drilled ñ the AMAX Wood CountF site 

6iJune24 Lnd25, 1980, to a depth of 100 feet where it con-
tacted bedrock. Four geophysical logs were run in this test 

hole to a maximum depth of 96.5 feet. The four logs included in 

this geophysical suite were the natural gamma, neutron epi-

thermal neutron, gamma gamma and the caliper logs. The logs 

were run on June 26, 1980. Grab samples were retrieved from the 

test hole during drilling and were correlated with geophysical 
logs. 

The four gephysical logs facilitated an assessment of vari-

ations in porosity and density of the subsurface materials. In-

terpretations with respect to varying grain size distribution 

within the borehole were made on the basis of these logs. Three 

radiation logs were run; they were the natural gamma log, the 

neutron epithermal neutron, and the gamma- gamma density logs. 

The natural gamma log measures the natural radioactivity of the 

subsurface material. It is indicative of silt and clay lenses 

or radioactive contamination at a site. In the case of Monitor 

Well 1, the natural gamma tool recorded very low count rates 

within the subsurface materials with a small increase within the 

top 7 feet of materials. This increase is indicative of a finer 

grained matrix (Fig. 3) . Otherwise, the gamma ray log showed 

clean sands and gravels throughout the borehole. The neutron 

epithermal neutron tool and gamma gamma tools were used to 

assess variation in subsurface porosity and density. Both of 

these tools are affected by changes in borehole diameter and 

rugosity (nonuniformity) so a caliper log was run in Conjunction 

with them. The caliper log (Fig. 4) indicates that caving 

occurred within the top 30 feet of the borehole. This caving 

affects the neutron epithermal neutron and gamma gamma log 

responses. A large volume of drilling mud also was lost in this 
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upper 30-foot section during completion. Below the 30-foot 

zone, the neutron epithermal neutron log ind.cates a small vari-

ation in porosity which is a function of varying percentages of 

sands and gravels within the borehole (Fig. 3). The neutron 

epithermal neutron log was run on an expanded scale to emphasize 

the porosity range (between 20 and 30 percent) which is within 

the range of sands and gravels. If any clay or silt lenses had 

occurred within the lower 70 feet of the borehole the neutron 

• log would have extended to the left, indicating substantial 

increases in porosity associated with finer grained hydrostrati-

graphic units. The gamma gamma log is a density indicator that 

is calibrated in grams per cubic centimeter. The density log 

• below a depth of 30 feet is consistent at approximately 2 grams 

per cubic centimeter. This value reflects coarse grained sedi-

ments (Fig. 5). Correlations among the geophysical logs run and 

the borehole samples are included in Table 1. 
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GEOPHYSICAL LOG CORRELATIONS - MONITOR WELL 2 (MW-2) 

onitor Well 2ia drilled on the AMAX Wood County site on 

J3ne 26 and 27, l98O, to a depth of 96.5 feet where it contacted 

bedrock. Four geophysical logs were run in this hole on June 

27th by Snyder Drilling Services of Greyville, Illinois. The 

four logs run were the same as those selected for Monitor Well 1 

as described previously. 

Cuttings from Monitor Well 2 were sampled via grab samples, 

and the split spoon samples were taken from within the drill 

• stem. Some difficulties were experienced in obtaining split 

spoon samples because of the coarseness of material encountered. 

In general, the drilling, logging, and sampling indicated that 

the section was composed of sands and gravels to bedrock with 

the exception of approximately 12 feet of fine-grained silty 

material at the surface (Figs. 61  7 and 8). 

Monitor Well 2 was drilled with mud rotary bit and logged 

through the mud suspension with three radiation sondes and a 

caliper tool. Table 2 provides a detailed interpretation of the 

subsurface hydrostratigraphy utilizing the geophysical logs and 

return samples. 

Geophysical Logging Summary 

Logging results at both MW-i and MW-2 indicate that the 

hydrostratigraphic section under the AMAX Wood County site is 

composed entirely of sands and gravels to bedrock. Some fine 

grained silty-clay material is present at the surface as evi-

denced by the higher natural gamma counts (Figs. 3 and 6) but 

does not extend below a depth of 10 feet. Some variation in 

grain size occurs within the sand and gravel section as shown by 
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the geophysical logs. This variation ranges between coarse 
gravel to sand as a function of the river's dynamic 
Paleodepositional characteristics. 

Figure 9 depicts a hydrostratigraphic correlation between 
MW-i and MW-2 utilizing the natural gamma logs from each hole. 
This cross section extends approximately from east to west on 
the site and indicates the consistency of the section underlying 
the area. 

A computer printout from numerical log calibrations is 
presented in Appendix A. These calibrations are presented on a 
0.1-foot basis and indicate the minute variations in porosity in 
the section. The lithology column on the left provides a marker 
description for the numerical calibrations which is consistently' 
either "clean sand" or "shaley sand" for the entire sections of 
both MW-1 or MW-2. 
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DESCRIPTION OF GENERAL HYDROGEOLOGIC ENVIRONMENT 

The field data described previously in combination with 

data available from other drilling projects can be used to 

interpret the hydrogeologic environment at the AMAX property 

near Parkersburg, West Virginia. This information is pertinent 

to the decision-making process regarding the final disposal of 

contaminated solid wastes located on selected portions of the 

AMAX property. The additional information is derived in essence 

from three reports. These are: 

A report by the West Virgina Geologic Survey entitled 

"Groundwater Conditions Along the Ohio Valley at 

Parkersburg, West Virginia," by Russel M. Jeffords, 

Bulletin No. 10, dated 1945. 

Records of test holes taken from a report entitled "Report 

on Ground Water Investigation at New Plant Site of the 

Carborundum Metal Company, Inc., Near Parkersburg, West 

Virginia." The report is dated July 20, 1956. The author 

is E. J. Schaefer. - 

A report entitled "Subsurface Investigation, L. B. Foster 

Pipe Foundation Plant." This report was prepared for the L. 

B. Foster Company by Ohio Valley Testing Laboratory, Inc. 

It is dated March 1977. 

On the basis of information presented in reference 1, 

above, itheThydrogeologic---environment atthe Watüngton Bqttom 
ite- is- efl€iièl7 ithirFthë T unglaEiaed ortiöh of the A1lèghen 

provinces 

The locations of the test holes mentioned in items 2 and 3 

above are shown on Plate 1. The locations are near the road 

extending along the northeast boundary of the property and the 
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railroad track trending northeast-southwest on the property. 

The driller's logs of test wells 1 and 2 (TW-1 and TW-2) are 

shown in Table 3. Table 4, A, B, C and D present the driller's 

logs of the four additional wells located on Plate 1. As indi-

cated by the aforementioned logs, the site is located on or in 

an upper clay extending from a few feet to as much as 10 feet 

below the surface. The underlying sand and gravel ranges in 

thickness up to 99 feet to bedrock. The thicker sand and gravel 

• deposits underlie the higher terraces. The hydrostratigraphic 

section beneath the proposed control cell consists of 90 to 100 

feet of variable sand and gravel overlying bedrock. 

0 55fëë€ dénThoopographi5 
• ief.i There are no low permeability layers beneath the site 

that would cause perched saturated groundwater mounds to form 

during groundwater recharge events. 

The general features of the hydrostratigraphic section are 

as follows. The section consists of silt, clay silt, silty 

sands and gravelly sands. The clayey silty materials occur 

primarily near the top of the section, and the sands and gravels 

occur lower in the section above bedrock. The water ranges in 

depth from 50 to 55 feet below ground surface, depending on 

relief. The permeability of most of the hydrostratigraphic 

section based on grain-size distribution graphs (Figure 11, 

sizes and uniformity 1coefficients) can be expected to be high to 

very high. Well yields support this information and can be 

expected to bein the order of 100 gallons per minute or 

greater. 

The zirconium sponge plant was located near the east edge 

of the highest of the aforementioned terraces within several 

hundred feet of the east bedrock wall of the river valley. In 

this area, the previously described data indicate that the 

thickness of the alluvium is in the order of 100 feet. The 

alluvium thins toward the west (toward the river) 
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TABLE 3 

Driller's logs of two test wells shown in Plate 1 

Driller's Log of Test Well 1 (TW-1 on Plate 1) 

Depth (feet) 

From To Materials encountered in drilling 

0 8 clay 

8 35 dirty gravel 

35 45 ,sand, fine 

45 67 sand and little gravel 

67 85 sand and gravel 

85 98 sand and gravel, cleaner 

98 sandstone rock 

Driller's Log of Test Well 2 (TW-2 on Plate 1) 

Depth (feet) 

From To Materials encountered in drilling 

0 10 clay 

10 20 dirty gravel 

20 30 sand, fine 

30 50 sand, little gravel 

50 60 sand and gravel 

60 70 sand, little gravel 

70 85 sand and gravel 

85 99 sand and gravel, clean 

99 sandstone rock 
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TABLE 1 - GEOPHYSICAL LOG INTERPRETATIONS AND CORRELATION WITH 

AVAILABLE SAMPLES - MW - 1 

DEPTH INTERVAL (FT.) GEOPHYSICAL LOG DESCRIPTION SAMPLE DESCRIPTION 

o - 3 The natural gamma log in this borehole indi-
cates a maximum response between 65 and 80 
counts per second. This is indicative of a 
silt zone, possibly with some clay. The 
caliper log indicates a hole diameter increas-
ing .from 10.5 to 14.5 inches. This is a 
result of the jetting effect from the drill 
bit in these finer grain sediments. 

3 - 6 The natural gamma log indicates coarsening of 
the section into the silt-fine sand range as 
the count rates decrease. The porosity log 
indicates increasing porosity, partially 
because of the fine-grained nature of the 
sample and the amount of washout in the bore-
hole. The caliper log registers a borehole 
diameter of 11 to 13 inches. The density log 
is increasing in density but its response is 
affected strongly by the irregularity in the 
size of this borehole. 

6 - 9 The natural gamma log indicates that the 
section is grading into a clean gravel and 
sand with a very low natural radioactive 
response of approximately 40 counts per 
second. The neutron log indicates a high 
porosity because of the presence of a large 
washout in this zone. The caliper log shows a 
hole diameter varying from 12 to 19 inches 
which would be indicative of relatively coarse 
grained materials that were easily washed out 

No samples were taken from the test hole bu 
visual examination of materials was availdhle LLuIIt 
a geotechnical test pit located 60 feet eas-t of 
the test hole (see text for description of pu) 

A grab sample was taken at a depth of 6 feet which 
showed rounded to subrounded coarse gravel in 
silt matrix. 

A grab sample was taken from a depth of 9 feet 
indicating very coarse sand, subrounded gravel and 
some large "gravels" 



TABLE 1 - cont'cl 
6 - 9 of the borehole during dril1ng despite the (cont'd) thick drilling mud used during the hole con- struction. The density log shows a very low reading in this zone because the tool was primarily reading mud density and not for- mation density. 

9 - 12 Hole diameters vary from a maximum of 10.5 A grab sample was taken at about 12 feet which w•; 
inches to 18.1 inches which causes the neutron composed of rounded coarse sands. log to indicate a very high porosity in this zone because the tool is measuring borehole rugosity and not voids in the subsurface matrix. The gamma gamma log is still measuring a very low density for the same reason. 

12 - 15 The gamma ray log indicates a clean sand and A grab sample at 15 feet indicates very coarse 
gravel environment while the neutron log shows rounded gravels. a decrease in porosity associated with a change in borehole diameter. The caliper log indicates that the borehole diameter varies between 10.6 and 13.8 inches in this interval. The density log is very erratic because of this hole diameter effect. 

15 - 18 Clean sands and gravels are indicated on the A grab sample was composed of medium gravel at IU 
natural log while the neutron log indicates an feet. increase in porosity due to an increase in diameter of the borehole. The caliper log shows a hole diameter varying from 20.9 to 10.2 inches and increasing to 14 inches. This causes a very erratic density log. 

18 - 21 All coarse material is indicated by the 
A grab sample at 21 feet collected fine gravels 

natural gamma log while high porosities are and coarse sands at this zone. 
still indicated by the neutron log because of large diameter fluctuations as indicated by the caliper log and gamma gamma logs. A large amount of drilling fluid was lost in this interval of the test hole during drilling. 



TABLE 1 - cont'd 21 - 24 Very slight increases in the natural gamma  log A sample of coarse sand with some gravel was tdkcn 
counts indicate somewhat finer materials in at a depth of 24 feet. this interval of the borehole. The caliper log indicates that the hole diameter changes from 13.8 to 9.6 inches while the density log measures an increasing density in this area. This density response is a result of the decrease in diameter of the borehole which allows the gamma gamma tool to measure bore- hole densities instead of mud densities. The neutron log indicates a decrease in porosity which is also indicative of the decrease in hole diameter. 

24 - 27 The natural gamma log indicates clean sands A grab sample at 27 feet shows coarse sands with grading to gravels while the porosity log rounded gravels. shows a decrease in porosity. The gamma gamma density log shows varying densities between 2.01 and 2.25 grams per cc while the caliper log shows a changing diameter from 9.3 to 10.8 inches. The caliper log accounts for the varying density responses in this interval. 
27 - 30 The natural gamma log indicates clean coarse- Gravels with some coarse sand were collected in grained materials in the gravel range while the 30-foot grab sample. the neutron log shows an increase in porosity. The density log shows a decrease in density and the caliper log indicates an increase in hole diameter to between 10.2 and 11 inches. 
30 - 33 The natural gamma log indicates a decrease in A grab sample at 33 feet indicates mostly coarse 

grain size; the neutron log shows a decrease sand with a few gravels. in porosity into the range of coarse sands. The density log indicates an increase in density to about 2.11 grams per cc while the caliper log indicates a decrease in borehole diameter from 10.9 to 8.2 inches. Below a depth of 33 feet, the borehole diameter is much more consistent and does not cause the neutron log to fluctuate as much as it does above the 33-foot zone. 



TABLE 1 - cont'd 
33 - 36 Clean coarse gravels are indicated by the The grab sample at 36 feet indicates gravels with natural gamma log while the constant porosity a very coarse sand matrix with a few small cobh1ri is indicated on the neutron log. The caliper included in the sample. log shows a hole diameter of between 7.9 and 

8.9 inches while the density log is relatively 
consistent at about 2.1 grams per cc within a 
range of 0.1. 

36 - 39 The natural gamma log indicates clean sands A grab sample at 39 feet collected gravels and and gravels while the neutron log shows a coarse sands. continual decline in porosity. The caliper 
log is relatively steady at 8.2 inches in 
diameter and the density is consistent for 
sands and gravels at approximately 2.05 grams 
per cc. 

39 - 42 The natural gamma log indicates a coarsening A grab sample collected at 42 feet indicates and/or fining of the subsurface materials, coarse gravels and a coarse sand matrix with The porosity log indicates an increasing rounded sandstone and quartz gravels. mt t.y rer I ni, the 42-loot zone,. while 
U lensily hel lIa to decucase to approxi- 
mitely 1.99 jt- rns per cc. The caliper log in 
this zone is steady at about 8.1 inches in 
diameter. 

42 - 45 The natural gamma log indicates clean gravels A grab sample taken at 45 feet shows coarse and sands in this zone while the porosity log gravels and coarse sand matrix. shows an increasing, then decreasing porosity 
in the range of 2 or 3 percent. The caliper 
log shows a relatively steady hole diameter of - 

8.5 inches while the gamma density log indi- 
cates a decreasing, then increasing density. 
This trend correlates with the increasing and 
decreasing porosity. 

45 - 48 The natural gamma log indicates clean sands The grab sample taken at 48 feet indicates grivels and gravels with a predominance of sands or and coarse sand. fine gravels in this zone. The neutron 
porosity log shows an increasing porosity 
associated with a fining of subsurface 
materials while the density increases to 
approximately 2.18 grams per cc. The caliper 



TABLE 1 - cont'd 

51 - 54 

54 - 57 

log shows a small variability in hole diamater 
from 7.7 to 8.2 inches at this depth interval. 

The natural gamma log shows clean sands at 
this interval while the porosity log is 
relatively consistent and the density 
decreases to a value of 1.90 grams per cc. 
The hole diameter for this zone ranges from 
7.7 to 8.1 inches. 

The natural gamma log indicates coarsening of 
materials with no fine grain matrix while the 
density log indicates density increasing to 
approximately 2 grams per cc. The caliper log 
shows a decrease in hole diameter to 7.8 
inches. The bit size for this hole is 7.4 
inches. Because there are no clay or silt 
lenses in the borehole which could swell and 
pinch the borehole, hole diameters less than 
the bit size must be a function of mud-cake 
build-up. This occurs several times in the 
two test holes. 

The caliper log indicates some hole squeeze 
(diameter less than drilled diameter) in this 
zone due to mud-cake build-up. The natural 
gamma log indicates a clean environment com-
posed of gravels while the neutron epithermal 
neutron log indicates a porosity change of 3 
or 4 percent in the interval from 54 to 57 
feet. The gamma gamma log measures a somewhat 
consistent density between 1.97 and 2.13 grams 
per cc. 

45 - 48 
(con t 'd) 

48 - 51 Coarse sands with very few gravels were 
encountered in the grab sample at 51 feet. 

A grab sample taken at 54 feet is composed of 50 
percent gravel and 50 percent coarse sand. this 
is consistent with the representation of,  an 
increasing grain size shown by the natural gamma 
log. 

The grab sample taken at 57 feet was composed of 
coarse sand and gravel but the sample was hard to 
obtain thrd may have been a composite because of 
the necessity of fluid jetting in order to bring 
the samples to the surface. Mud circulation also 
was lost temporarily in this zone due to increased 
permeability.. 

57 - 60 The natural gamma log indicates a decrease in 
grain size from gravels to a predominance of 
sand. The caliper log measures a hole diame-
ter varying from 6.7 to 8.2 inches which is 
again a function of mud-cake thickness. The 
gamma gamma log indicates that density 
averages about 2.1 grams per cc while the 

A sample taken in this zone consists of coarse 
sand and gravel. It is also in this zone that the 
driller began thinning the drilling mud because 
of less circulation loss due to finer-grained 
materials encountered near the 60-foot zone. 



TABLE 1 - cont'd 

57 - 60 neutron epithermal neutron lg shows an 
(conL'd)' increase in porosity to a maximum of about 33 

percent at the 60-foot level. 

60 - 63 The natural gamma log indicates a relatively 
large homogeneous section of fine-grained 
sediments primarily in the range of coarse 
sand. The caliper log indicates a mud-cake 
build-up of approximately 1 inch on the sides 
of the borehole where a relatively constant 
diameter of 6.8 inches was measured. The 
density approaches a relatively consistent 
value of 2.15 grams per cc while the neutron 
epithermal neutron log shows a decrease in 
porosity. 

63 - 66 The natural gamma log indicates a very con-
sistent clean sand horizon while the porosity 
log is steadying at about 27 percent and the 
density log is consistent at 2.16 grains per 
cc. The caliper log depicts the original hole 
size with about 0.5 inches of mud-cake build-
up on the, sides. 

66 - 69 The natural gamma log indicates that the sub-
surface is composed of primarily coarse sand 
though coarsening with depth. The neutron 
epithermal neutron log indicates a slight (2 
percent) increase in porosity while the gamma 
gamma log shows density decreasing by approxi-
mately 0.08 gram per cc. The caliper log in-
dicates hole diameter consistency with a small 
amount of mud-cake build-up. No breakouts 
have been experienced in the lower part of 
this hole, particularly in the sand sequences 
as compared to the coarse gravel sequences. 

The sample taken at 63 feet indicates relatively 
homogeneous coarse sand in this zone. Sample 
descriptions for the next 6 feet indicate 
consistency of this hoiuocjeneous sand hor izon.  

A grab sample taken at 66 feet consists o 
homogeneous coarse sands with no gravels or 
fine-rained materials present. It must be 
remembered that the sampling procedure utilized a 
coarse screen which only collected samples of 
coarse sand-size or larger. The geophysical log 
did not indicate the presence of any materials 
smaller than coarse sand in this horizon so it is 
felt that the grab sample probably is repre-
sentative. 

The grab sample taken at' 69 feet indicates 
relatively homogeneous coarse sand. 



TABLE I - conL'd 
69 - 72 The natural gamma log indicates a coarsening A grab sample taken at 72 feet indicates the of the sand or the presence of some fine presence of coarse sand which has been coar;en[nJ gravels in the next horizon. The neutron since 69 feet. (porosity) log depicts the thin 1-foot interval of decreased porosity by only a 2 percent change. The gamma gamma log is 

consistent with the neutron log in that it indicates a 1-foot thick zone of decreased density of 0.03 of a gram per cc. The caliper log measures a relatively clean borehole environment of approximately 7.8 inches in diameter. This is consistent with the bit Si ze. 

72 - 75 The natural gamma log is measuring the A grab sample taken at 75 feet indicates that responses of coarse sand with some gravels subsurface materials consist of coarse sand uid which decreases the natural gamma response. gravels. The neutron epithermal neutron log shows a decrease in porosity by about 2 percent while the gamma density log is measuring an average density value of 2.15 grams per cc. The caliper log shows a constant hole diameter slightly larger than the drill bit size. 
75 - 78 The natural gamma log indicates coarse sands Grab samples at 78-foot intervals indicate coar;e intermixed with fine gravels as the depth sand and fine gravel at this section. increases. The neutron epithermal neutron log shows a small increase in porosity while the density log is consistent in response to the previous horizon. The caliper log is measur- ing a true hole diameter of approximately 7.7 inches. No mud build-up is occurring in this zone of the hole. 

78 - 81 The natural gamma log indicates coarse sands A sample taken at 81 feet indicates coarse sand and gravels with an increased percentage of and fine gravel present in the borehole. The gravels toward the 81-foot zone. The neutron drilling mud at this point is very thin and it ; epithermal neutron log is showing a decrease doubtful that many coarse gravels could be btou'jlit in porosity while the density log shows an to the surface for collection by the drilliny mud increase in density of approximately 0.2 grams at this horizon. Consequently, the grab sample may not be representative of the 81-foot horizon. 



78 - 81 per cc. The caliper log indicates a decrease (cont'd) in hole diameter of approximately 0.4 inches which brings it true to original bore diameter. 

81 - 84 The natural gamma log shows the increase in grain-size fraction in this horizon probably to .a medium gravel with some coarse sand matrix. The porosity log measures a slight increase in porosity while the gamma density log is somewhat consistent at about 2.15 grams per cc. The caliper log shows the hole in-creasing in size to the standard bit size of 7.5 inches. This probably is due to the presence of coarser-grained materials which would allow the mud-cake to be absored into the formation rather than building up on the outside of the walls. 

84 - 87 The natural gamma log indicates that grain sizes are decreasing to coarse sand and possibly some fine gravels in this horizon. The neutron epithermal neutron log indicates a decrease in porosity to approximately 25 percent while the gamma density log varies between 2.15 and 2.00 grams per cc. The caliper log shows approximately 1 inch of mud-cake build-up on the borehole for the next 6 feet of the hole. 

87 - 90 The natural gamma log is showing an increase in grain-size between 87 and 89 feet. No more natural gamma log is available in this hole because of the tool configuration which placed the natural gamma sensing head above the neutron epithermal neutron tool which was run simultaneously in the hole. Consequently, approximately 5 feet of the lower portion of this borehole are not monitored by the natural gamma probe. At the 87 to 90 foot interval, the neutron epithermal neutron log indicates a 

TABLE 1 - contsd 

The grab sample taken at. 84 feet indicates COdL;u sand and fine gravels. Again, the sauip[irij procedure must be considered when determininj whether this is a representative sample oL subsurface materials. 

The grab sample taken at 87 feet collected coarse sand and fine gravels at this interval. 

The sample at 90 feet consisted of rounded grtvcI; and coarse sands. 



TABLE 1 - cont'd 
87 - 90 relatively consistent porosity of approximate- (cont'd) ly 25 percent. The gamma density log has de- 

creased by approximately 0.08 gram per cc in the last 3-foot interval while the caliper log is showing a mud-cake build-up on the borehole wall. It is probable that the hole diameter in the lower portion of this borehole is true to bore and that the decrease in diameter in- dicate the presence of mud-cake build-up on the sides. 

90 - 93 There is no natural gamma log available for The sample retrieved in this interval consisted o. this interval as described previously. The coarse sand and fine to coarse gravels. Some 01 neutron epitherinal neutron log is measuring an these coarse gravels may have been brought U[) in increase in porosity which has been consistent this interval by the sampling procedure in tliaL with.sand-size fractions in other portions of the drilling fluid was jetted at this zone to the hole. The gamma density log indicates remove some of the coarser materials. These mty variability in subsurface densities of not have been retrieved at other intervals. approximately .2 grams per cc. The caliper log indicates that the hole diameter is vary- ing by approxmately 2 inches in size from 
mud-cake bu ii (I-ui) and borehole rugosi ty 

93 - 96 No natural gamma log was availale for this Gravel was obtained in the grab sample taken at 96 interval and the neutron epithermal neutron feet. log shows a decrease in porosity toward the bottom of this hole. The gamma density log is slightly variable at about 2.1 grams per cc 
and decreasing while the caliper log indicates a relatively consistent hole diameter of about 8 inches. 

96 - 99 There are no geophysical logs available for The sample from this lower interval indicated this lower interval of the hole because of coarse sands with medium gravels but cannot he gravel settling from the drilling mud of the substantiated by geophysical logs since the-log- 
Bedrock at bottom of previous day. 

ging sondes could not penetrate through the .. bottom 
hole. 

sluff. 

The drilling continued to 99.8 feet where a bed- rock sample of line sandstone was brought U[). No geophysical logs are available for Lhe bedrock materials because the drilling was not designed Lu penetrate the bedrock. 



TABLE 2 - GEOPHYSICAL LOG INTERPRETATIONS AND CORRELATION WITH 

AVAILABLE SAMPLES - MW - 2 

DEPTH INTERVAL (FT.) GEOPHYSICAL LOG DESCRIPTION SAMPLE DESCRIPTION 

o - 3 The natural gamma log indicates increasing natural radioactivity from the surface to a depth of about 3 feet. This is a function of small grain size within the silt or silty clay range which tend to have higher percentages of Potassium 40, a natural gamma emitter. The 
radiational readings are only on the order of magnitude of 110 counts per second which is 
one less than would be expected for a pure clay. There is no neutron epithermal, neutron log in this zone because this sonde was run 
simultaneously and in tandeum with the natural gamma log, thereby forcing a data loss of 
approximately 4 feet. Conversely, it should be noted that the natural gamma log has a loss of approximately 4 feet at the bottom of the hole due to its position on top of the neutron epithermal neutron sonde. The caliper log in this 0 to 3-foot intervalindicates that the drilling fluid jetted out a larger diameter hole than the bit size. The average hole 
diameter in this interval is approximately 10 inches. This large hole diameter strongly affects the gamma gamma response which is 
reading in the mud-water range at 1.36 grams per cc. 

3 - 6 The natural gamma log indicates decreasing 
natural radioactivity which suggests an 
increase in grain size on this interval. The caliper log shows a marked decrease in bore-
hole diameter from 10.5 to 6 inches. The  

No samples were taken out of the hole in this initial interval but the materials were examined via a backhoe pit dug 60 feet northwest of: the Monitor Well. In this backhoe pit, the first: 2 feet of material consisted of man-made fill, mostly sands and gravels with some silty clay. The next foot (2 to 3 feet in depth) consisted of. 
a top-soil horizon. 

No grab or split spoon samples were taken in this interval but the horizon was examined via a back-hoe pit dug nearby. The 3 to 6 foot interval in the backhoe pit indicated clayey silt or silty clay grading into a sandy silty clay at approxi-
mately 8 feet. 



1'AiLL z - coiit.'d 
3-6 
(cont 'd) 

6-9 

9 - 12 

gamma gamma log in this intejvai shows a 
rapidly increasing density, as a function of 
the hole diameter change. The neutron epi-
thermal neutron log is couiing on scale at a 
rather high porosity of approximately 42 
percent; this is probably a function of the 
fineness in subsurface materials as indicated 
in the pit discussed under "sample des-
cription." 

The-natural gamma log is relatively stable at 
approximately 80 counts per second indicating 
the presence of relatively fine-grained 
materials. This response is not in the clay 
size range however. The density log shows a 
general decrease in density while the caliper 
log thows a squeezing of the hole to a 
diaeter of approximately 5.5 inches which is 
less than the bit size used to drill the hole. 
Some of this squeezing may be a function of 
mud build-up and some the function of hole 
squeezing due to unsupported borehole walls 
and fine-grained materials. 

The natural gamma log indicates a sharp 
decrease in natural radioactivity indicative 
of coarse-grained, clean (no fines) materials. 
The log reaches a level of approximately 65 
counts per second which is indicative of a 
clean, coarse sand and gravel material 
throughout the rest of this borehole. The 
caliper log shows the hole diameter approach-
ing that of the original drilling size so that 
the reading on the gamma gamma log should be 
indicative of formation densities. This 
density is approximately 2.0 grams per cc. 
The neutron epithermal neutron log is rela-
tively constant at 35 percent but is showing a 
shift toward a much lower porosity. This 
shift occurs when materials grade from fine to 
coarse. 

The sample at the 6 to 9-foot interval was 
analyzed in the backhoe pit and not fromgrab or 
silt spoon samples. The backhoe pit indicates 
coarsening of materials with depth. 

The only sample examined for this depth intrva1 
was that within the backhoe pit which indicated 
transition to fine-grained clean sand from the  
initial silty-clay sand near the surface of this 
borehole. 



TABLE 2 - cont'd 12 - 15 The natural gamma log has decreased in count to its minimum value indicative of very clean gravels. The neutron epithermal neutron log shows a marked shift to lesser porosities which is also indicative of coarsening of sub-surface materials. The caliper log fluctuates between 5.1 and 7.9 inches in diameter, indicating the presence of some mud-cake build-up and hole squeeze. Subsurface densi-ties in this horizon are irregular because of borehole rugosity as indicated by the caliper log. 

15 - 18 The natural gamma log is very steady,, indi-cating the presence of clean sand with some gravel. The neutron epithermal neutron log is relatively constant at approximately 25 per-cent while the gamma density log shows a steady increase in density from 1.50 to 2.15 cjm/cc. The caliper log in this horizpn indi-cates 'hole diameters varying  2 inches in size which explains most of the variability in the gamma gamma log. 

18 - 21 The natural gamma log is very steady with possibly a small trend towards decreasing counts. The neutron epithermal neutron log shows a small variability in porosity from approximately 27 to 25 percent. The gamma gamma log shows a rather large increase in density to approximately 2.20 grams per cc. This increase in density is a function of the coarsening of materials into the gravel size range. The caliper log shows an increasing hole diameter to 7.7 inches. 

21 - 24 The natural gamma log consistently shows a 'small scale trend of decreasing counts which can be interpreted as a change in percentage of fine to coarse-grained sands and gravels. The neutron epithermal neutron log shows an increase in porosity for the 3-foot interval 

A grab sample was taken at a depth of 14 feet. This sample is composed of coarse sand with sonic fine gravel in a silt matrix. Grab samples wcrc collected with a screen which was only capb1c of collecting coarse sand or larger materials. •SIi samples cannot retain finer grained materials it they should exist. Consequently, the gcojiIiysicd logs must be relied upon to indicate the prescucc or absence of fine-grained materials. 

A split spoon sample was collected at a sainpk depth of 17 to 19 feet and was composed of ind ium sand to fine gravel. Sample volume was very smaLl because of plugging of the sample tube with gravels. 

The only sample taken at this interval was the split spoon sample described in the previous interval. 

No sample was obtained at the 21 to 24-foot interval. 



TABLE 2 - cont'd 
21 - 24 between 22 and 25 feet which may indicate a (cont'd) small zone dominated by clean sands rather 

than coarse gravels. Conversely the caliper 
log for this zone shows an enlarged hole 
diameter of approximately 8.3 inches in size 
which would indicate that the hole had caved 
at this zone. This increased hole diameter 
would tend to cause a shift to higher porosi- 
ties on the neutron epithermal neutron logs. 
For this reason, it is demonstrated that the 
neutron epithermal log is affected by the hole 
diameter and is not measuring only changes in 
porosity and subsequently grain size at this 
horizon. The density log for this hole 
interval shows the decrease in density which 
would be a function of the variability of hole 
diameter. The indicator log in this borehole 
appears to be the natural gamma log which is 
not highly affected by borehole rugosity and 
diameter variability as are the density and 
porosity logs. When the caliper log indicates 
an increase in hole diameter, the density log 
will show a decrease in density while the 
porosity log will show increase in porosity. 

24 - 27 The natural gamma log indicates a slight shift A split spoon sample composed of medium to coi;c to the right indicating a decrease in grain sand was taken at the 25 through 27-foot ittvL size to the sand range. The caliper log shows 
a decrease in hole diameter from 9.1 inches 
down to approximately 6.2 inches. The gamma 

- gamma log has a reading of approximately 1.97 
grams per cc while the neutron epithermal 

- - neutron log shows a decrease in porosity at 
this zone. 

27 - 30 The natural gamma log shows a 1-foot zone of The only sample for this horizon is a spLit spooii decreased grain size possibly due to a medium sample taken at 25 to 27 feet as previously sand layer between 28 and 29 feet below described. surface. The section then coarsens to coarse 
sands and fine gravels at 30 feet. The 
neutron porosity log continues to show a 
decrease in porosity with only a small 



TABLE 2 - cont'd 

27 - 30 excursion to the left (increased porosity) at 
(cont'd) the 29-foot depth. The caliper log is con-

tinuing to show a decrease in hole diameter 
down to 5.2 inches and the gamma gamma log is 
increasing in density to approximately 1.96 
grams per cc. 

30 - 33 The natural gamma log shows a marked decrease 
in count rate indicative of a coarsening of 
the borehole materials, possibly to a coarse 
gravel. The neutron epitherrnal neutron log 
reads a minimum porosity value of 19 percent 
while the caliper log indicates some hole 
variability between 5.2 and 6.3 inches in 
diameter. This small hole size is probably a 
function of mud-cake build-up which would tend 
to decrease the responses of the gamma gamma 
log as seen at the interval between 30 and 33 
feet. The gamma gamma log is a true measure 
of the formation density when the hole 
diameter is less than hit size due tomud-cake 
build-up. 

33 - 36 The natural gamma log indicates a return of 
the subsurface materials to a finer fraction 
of coarse sands and fine gravels. The neutron 
porosity log shows an increase in porosity ,  
which would also he indicative of this 
decrease in grain size. The caliper log is 
registering a hole diameter much less than 
originally drilled indicating the presence of 
mud-cake build-up on the walls which has 
decreased the density values to 1.77 grams per 
cc. 

There were no samples at this interval. 

X'grab sample was taken at 35 feet which was 
composed of gravel. The sand was lost within th 
mud during the sampling procedure. 

36 - 39 The natural gamma log shows a general shift No sampLes. toward a coarser material between 36 and 38 
feet. The neutron epitherinal neutron log 
continues to show an increase in porosity 
while the gamma gamma log depicts very low 
density values in the range of 1.65 grams per 
cc. These low values and high porosities are 



TABLE 2 - coiit'd 

36 - 39 interpreted as a function of borehole rugosity 
(cont'd) and mud-cake build-up. The caliper log is 

indicating borehole diameter changes of up to 
2 inches in this interval 

39 - 42 The natural gamma log is relatively steady 
within this horizon indicating a coarsening of 
the fraction below 40.5 feet. The neutron 
porosity log shows a decrease, in porosity 
while the caliper log is varying between 7.7 
and 6.6 inches in diameter. The borehole 
diameter at 40.5 to 41 feet should be approxi-
mately true; thus the density log readings of 
approximately 1.91 to 1.97 grams per cc should 
be indicative of the subsurface densities of 
the coarse gravels and sands. 

42 - 45 The natural gamma log is very steady in this 
horizon with one exception: 44.5 feet below 
surface it appears the sands may decrease in 
grain size slightly. The porosity log 
generally showed a decrease in porosity except 
for a maximum at this 44.5-foot zone where the 
porosity increased to 27 percent. These two 
pieces of evidence would indicate a small 
half-foot interval of finer grain material at 
this horizon, probably within the range of 
fine sand but containing no silts or clays. 
The gamma gamma log in this horizon is some-
what irregular between 2.1 and 1.96 grams per 
cc which may be a function of variable hole 
diameter as indicated by the caliper log. 

45 - 48 The natural gamma log indicates two zones of 
decreasing grain size at 46 and 48 feet below 
surface. The extent of this decrease would be 
on the order of magnitude of changing from 
coarse sand and gravel to coarse sand with few 
if any gravels at this horizon. The neutron 
epithermal neutron log shows a steady increase 
in porosity while the gamma gamma log is some-
what variable equal approximately to 1.95 

A split spoon sample was taken at the 40 Lu 
42-foot interval which conSisted of hOiflOgtflou:; 
medium grained sand. 

A grab sample was taken at 45 feet which was 
composed of coarse sand and gravel. 

There were no samples collected at this inteL-vJ1 



TABLE 2 - cont'd 
45 - 48 grams per cc. The caliper log indicates (cont'd) decreasing hole diameter which is a function 

of mud-cake build-up. 

48 - 51 The natural gamma log indicates relatively 
homogeneous conditions at this interval in the 
coarse sand and medium gravel range. The 
neutron porosity log shows a maximum in 
porosity of 30 percent while the gamma gamma 
log shows a decrease in density to a minimum 
of approximately 1.75 grams per cc. It is 
felt that these two pieces of evidence 
(contrary to the natural gamma log) indicate 
hole enlargement at this interval which may 
not be evident on the caliper log because of 
mud-cake build-up. The caliper log at this 
interval does indicate a decrease in hole 
diameter to approximately 6.3 inches which is 
1 inch smaller than the initial hole size. 

51 - 54 The n,ttut11 gi.nm.i locj indicates that •at 
approximately 52 feet in depth subsurface 
materials are fine to approximately medium to 
fine sands with very few gravels included. 
The neutron porosity log goes from a minimum 
of 23 percent to 30 percent which is a 
function of the coarsening to fining trend 
between 50 and 54 feet. The caliper log shows 
an increase in the hole diameter to approxi-
mately 7 inches in size which is relatively 
close to the true hole size. The gamma gamma 
log shows a return of the subsurface densities 
to appproximately 2.05 grams per cc which is 
within the expected range for these subsurface 
materials. 

54 - 57 The natural gamma log is relatively consistent 
in this zone though possibly indicating a 
coarsening of the section between 55 and 57.5 
feet in depth. The coarsening of this 
fraction may cause borehole instability and 
increased breakouts which then can be filled 
in with mud-cake as indicated by the caliper 

No sample was taken at this interval. 

A split spoon sample was taken at the interval of 
52 to 54 feet below ground surface and was com-
posed of medium to coarse grained sands with a 
limited amount of gravel. This split spoon sample 
substantiates the natural gamma and neutron epi-
thermal neutron log responses for this interval 

There were no samples taken at this interval. 



TABLE 2 - cont'd 54 - 57 log. The neutron porosity log shows an (cont'd) increase in porosity with a slight decrease in porosity between 56.5 and 57 feet in depth which may be measuring borehole ruqosity at this interval. The gamma gamma log is some-what erratic in this zone going from approxi-mately 2.1 grams per cc down to 1.96 and averaging approximately 2.0 grams per cc. 
57 - 60 The natural gamma log indicates the presence of fine sand at 58 feet in depth with the section coarsening to medium sands and gravels between 59.5 and 62 feet in depth. A neutron porosity log measures a somewhat consistent porosity of 25 percent while the gamma gamma log shows a major decrease in density at the 59 to 60-foot zone. This change in density is a function of the hole diameter change at the 60-foot zone indicated bythe caliper log. 
60 - 63 The natural gamma log shows coarse sands and gravels present between 60 and 62 feet, then fining at the 62-foot zone and remaining constant at 64 feet. The neutron porosity log shows a decrease in porosity with depth while the caliper log indicates a minimum hole diameter of 4.8 inches varying to less than 6.1 inches at this interval. This small hole diameter is a function Qf mud-cake build-up and hole squeeze. The gamma gamma log indi-cates an increase in density to approximately 2.7 grams per cc which is the maximum density encountered within the borehole. This density increase may be a function of the presence of some large gravels and cobbles in this horizon. 

63 - 66 The natural gamma log indicates a constant response from fine sands in this horizon. The neutron epithermal neutron log shows a some-what steady porosity response within 24-27 percent while the gamma gamma log somewhat 

A grab sample was taken at 60 feet composed of gravel with some coarse sand. 

No samples taken at this interval. 

No samples at this interval. 



TABLE 2 - cont'd 

63 - 66 decrease to  approximately 2.03 grams per cc. (cont'd) The caliper log does show an average hole 
diameter of approximately 5.5 inches in this 
interval. 

66 - 69 The natural gamma log shows a gravel zone at 
approximately 67.5 feet extending to 68 feet 
in depth, then returning to medium to fine 
sands at a depth of 69 feet. The neutron 
epithermal neutron log shows a constant 
porosity with one small excursion to an 
increased porosity at 68 feet which may 
coincide with the increased percent of gravels 
indicated by the natural gamma log. This 
increased porosity is probably a function of 
borehole wall instability due to larger grain 
size at that horizon. The caliper log shows 
an increase in hole diameter to approximately 
6.3 inches at the.69-foot depth. 

69 - 72 The natural gamma log indicates sands with few 
gravels composing this interval of the bore-
hoLe. The neutron porosity log shows a vari-
able porosity between 20 and 32 percent while 
the gamma gamma log is relatively constant at 
approximately 1.85 grams per cc. Porosity 
irregularities and the low density values are' 
probably caused by mud-cake build-up as indi-
cated by the caliper log at this horizon. The 
caliper log shows a relatively constant 
diameter of approximately 6.3 to 6.8 inches 
but may not be indicating rugosity features 
which would tend to vary the neutron and gamma 
logs. 

72 - 75 The natural gamma log shows a slight 
coarsening of the subsurfacematerials to 
include some gravels in addition to the medium 
sands. The neutron porosity log shows a 
decrease in porosity while the gamma density 
log shows an increase in density to approxi-
mately 2.13 grams per cc. The caliper log 
indicates that squeezing was occurring in the 

No samples at this interval. 

A split spoon sample was taken between 70 and 72 
feet and composed of medium to fine sands with few 
gravels. The sample was mostly composed of medium 
sand. 

A grab sample was taken at 75 feet which was 
composed of coarse sand and gravel. 



TABLE 2 - cont'd 
72 - 75 borehole in conjunction witl9 mud-cake build- (cont'd) up. This decreases the hole diameter to less 

than 6.5 inches in diameter. 

75 - 78 The natural gamma log shows a 1-foot interval 
between 76 and 77 feet which is composed of 
medium to fine sands with no gravels. The 
neutron epithermal neutron log shows a 
decrease in porosity at this horizon with an 
average porosity of 21 percent. The gamma 
gamma log is quite variable between 2.25 and 
1.79 cc because of borehole rugosity measured 
by the caliper sonde. 

78 - 81 The natural gamma log shows a 1-foot interval 
between 79 and 80 feet of medium to fine 
sands. The section then grades to coarse 
sands with few gravels below 80 feet. The 
neutron epithermal neutron log shows an 
increase in porosity associated with a fining 
of the sediments between 79 and 80 feet and a 
decrease in porosity below that zone. The 
gamma gamma log is somewhat variable at values 
ranging from 1.77 to 2.04 grams per cc. This 
variability is probably a function of borehole 
rugosity which is not well measured by the 
caliper log because of mud-cake build-up. 

81 - 84. There is no more natural gamma log for this 
section of the hole because of the tool 
configuration as explained for Monitor Well 1. 
The neutron epithermal neutron log is 
relatively consistent at this horizon at a 
porosity of approximately 22 percent, while 
the gamma gamma log varies between 2.06 and 
2.18 grams per cc. The caliper log shows 
almost true hole diameter, then a decrease in 
hole diameter probably because of mud-cake 
build-up below a depth of 82 feet. 

No sample at this interval. 

A grab sample was taken at 80 feet which was 
composed of rounded gravels with some coasc 
sand. 

No samples at this interval. 



TABLE 2 - cont'd 

84 - 87 The neutron porosity log indicates a steady A grab sample was taken at 85 feet which consisted 
porosity while the gamma gamma log shows an of gravel in a silty matrix. The silty matrix wi; 
average density of 2.1 grams per cc. The not sampled within the grab sample but was 
caliper log for this zone shows a pinched hole reported by the driller. 
diameter of less than 6.5 inches. 

87 - 90 The neutron epithermal neutron log was taken There were no samples at this interval. 
to a depth of 89.5 feet in this monitor well. 
The porosity log at this interval indicated an 
increase in porosity possibly as a function of 
decreased grain size. The gamma gamma log 
shows a consistent density of approximately 
2.26 grams per cc while the caliper log showed 
a decrease in hole size. 

90 - 93 The only geophysical log taken below a depth 
of 90 feet was a caliper log which indicated 
an approximate hole diameter of 5.5 inches. 
It appeared that the hole had sloughed to a 
depth of 91 feet over the night probably 
because of the settling of coarse andfine 
grained materials within the drilling fluid. 

The rest of the samples taken within the borehole showed medium to 
large clean gravels below ground surface. 

A grab sample taken at 90 feet indicated rounded 
gravels with some coarse sand. 

The bottom of the monitor well is located at 95 
feet 6 inches below ground surface. 



TABLE S 
ENGINEERING USE DATA 

/ CLASSIFICATION 

Depth to Depth Depth Range Shrink- Seasonal to from Range in in Swell Soil Type Water Table Bedrock Surface USDA Texture Unified AASUO Permeability Reaction Potential (feet) (feet) (inches) (in.-hr.) ph 

Wheeling 4+ 10+ 0-34 Silt loam ML,CL A-4, .63-2.0 5.5-6.5 Moderate 
to silty A-6 
clay loam. 

34-64 Very fine ML,CL A-4, 2.0-6.3 5.0-5.5 Low 
sandy loam SM A-6 
to very 
qravelly 
sandy loam 

64-80 Stratified GW-GM, A-2 6.3+ ---- Low 
sand and GC, GM 
gravel ------------------------------------------------------------------------------------------------------------------- Sciotoville 2+ 10+ 0-15 Silt loam, ML A-4 2.0-6.3 ---- Low 
loam 

15-32 Silt loam CL-ML A-6, .20-.63 5.0-6.0 Moderate 
32-46 Fine sandy SM A-2 6.3+ 5.0-5.6 Low 

Lakin 5+ 5+ 0-11 
------------------------------------------------------------------------------------------------------------------ Loamy fine SM A-2 6.3+ ---- Low 

sand 
11-144 Loamy fine SM W-2, 6.3+ 4.5-5.5 Low 

sand to SP-SM A-1 
sand 

Gmat 0 10+ 0-11 

------------------------------------------------------------------------------------------------------------------ 
Silt loam ML A-4 .63-2.0 ---- Low 

11-52 Clay loam ML-CL A-6 .20-0.63 4.5-5.5 Low- 
or sandy Moderate 
clay loam 

52-60 Loamy fine SM-ML A-4, 6.3+ 4.5-5.5 Low 
sand A-2 
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TABLE 5 
ENGINEERING USE DATA 

CLASSIFICATION 

Depth to Depth Depth Range Shrink- 
Seasonal to from Range in in Swell Soil Type Water Table Bedrock Surface USDA Texture Unified AASHO Permeability Reaction Potential 

- 
(feet) (feet) (inches) (in.-hr.) ph 

Wheeling 4+ 10+ 0-34 Silt loam ML,CL A-4, .63-2.0 5.5-6.5 Moderate 
to silty A-6 
clay loam. 

34-64 Very fine ML,CL A-4, 2.0-6.3 5.0-5.5 Low 
sandy loam SM A-6 
to very 
gravelly 
sandy loam 

64-80 Stratified GW-GM, A-2 6.3+ ---- Low 
sand and GC, GM 
gravel 

Sciotoville 2+ 10+ 0-15 

------------------------------------------------------------------------------------------------------------------ 
Silt loam, ML A-4 2.0-6.3 ---- Low 
loam 

15-32 Silt loam CL-ML A-6, .20-.63 5.0-6.0 Moderate 
32-46 Fine sandy SM A-2 6.3+ 5.0-5.6 Low 

Lakin 5+ 5+ 0-11 

------------------------------------------------------------------------------------------------------------------ 
Loamy fine SM A-2 6.3+ ---- Low 
sand 

11-144 Loamy fine SM A-2, 6.3+ 4.5-5.5 Low 
sand to SP-SM A-i 
sand 

Gmat 0 10+ 0-11 Silt loam ML A-4 .63-2.0 ---- Low 
11-52 Clay loam ML-CL A-6 .20-0.63 4.5-5.5 Low- 

or sandy Moderate 
clay loam 

52-60 Loamy fine SM-ML A-4, 6.3+ 4.5-5.5 Low 
sand A-2 
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Figure 1. Completion of Monitor Well #1 
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Detailed interpretations Available in Table 1 
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MATERIAL: 

Pit: 73' of 26" steel casing 
and 
91'6" of 16" steel casing. 

Screen: 10' of 16" Layen BronzE 
shutter screen. 

Cone: 16" x 22" x l'G" steel 
cone. 

WELL: 

Capacity 250 G.P.M. 
Guarantee 250 G.P.M. 
Started 7-18-56) 
Finished 8-10-56 
Accepted 8-10-56 
Static Level 64' 
P. Level 72' 
Pressure 
Pumped 250 G.P.M. 
Depth' 1001 6" 

REMARKS: 

12 tons of pea gravel used. 

Gas engine on right angle drive. 

QQô 
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MATERIAL: 

Pit: 75' of 26" steel casing 
and 
89' of 16" steel casing. 

Screen: 10' of 16" bronze 
shutter screen. 

Cone: Steel bottom. 

WELL: 

Capacity 250 G.P.M. 
Guarantee 250 G.P.M. 
Started 8-1-56 
Finished 8-15-56 
Accepted 8-15-56 
Static Level 631•6" 
P. Level 65' 
Pressure 
Pumped 250 G.P.M. 
Depth 99' 

RE MARKS 

Used 15 tons of pea gravel. 

26" 
'casing 

oil 

6l•  
casing 

t

I I 16" screen 

- I 

steel bottom 



TA9L -41 Driller's Loq of Well No. 3 shown in Plate I 
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MATERIAL: 

Pit: 75' of 26" steel casing 
and 
87'6" of 16" steel casing. 

Screen: 10' of 16" layne 
bronze shutter screen. 

Cone: Steel Bottom. 

WELL: 

Capacity 250 G.P.M. 
Guarantee 250 G.P.M. 
Started 8-22-56 
Finished 8-29-56 
Accepted 8-29-56 
Static Level 60' 
P. Level 621 6" 
Pressure 
Pumped 250 G.P.M. 
Depth 97 1 6" 

REMARKS: 

Used 18 tons of gravel. 
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MATERIAL: 

Pit: 73' of 26" steel casing 
and 
89' of 16" steel casing. 

Screen: lot of 16" cook 
bronze screen. 

Cone: Bronze bottom. 

WELL: 

Capacity 275 G.P.M. 
Guarantee 275. G.P.M. 
Started 10-30-56 
Finished 12-4-56 
Accepted 1-16-57 
Static Level 66' 
P. Level 72' 
Pressure 
Pumped 275 G.P.M. 
Depth 98' 

REMARKS: 

16 tons of pea gravel. 
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TABLE 6 
CLASSIFICATION TEST DATA 

ATTERBERG LIMITS 
Natural 

Hole Sample Depth Moisture 
Number Number (Ft.) Content (%) 

TB-i 1 3.0 21.6 
2 4.5 25.4 
3 6.0 27.0 
4 7.5 12.4 
5 9.0 6.8 
6 10.5 5.7 
7 15.5 7.6 
8 20.5 9.1 

- 

9 25.5 7.9 
10 30.5 5.4 

TB-2 1 3.0 14.2' 
2 4.5 36.9 
3 6.0 41.4 
4 7.5 16.7 
5 9.0 11.9 
6 10.5 10.1 
7 15.5 10.6 
8 20.5 14.8 
9 25.5 5.1 
10 30.5 4.6 

TB-3 1 3.0 12.5 
2 4.5 12.3 
3 6.0 21.3 
4 7.5 8.4 
5 9.0 8.1 
6 10.5 7.0. 
7 15.5 7.0 
8 20.5 5.2 
9 25.5 7.4 

10 30.5 3.9 
11 35.5 5.1 
12 40.5 6.2 
13 45.5 5.1 
14 50.5 4.1 
15 55.5 4.3 
16 60.5 4.6 
17 65.5 12.9 

Liquid Plastic Plastic Liquid 
Limit (%) Limit (%) Index Index 

NON-PLASTIC 
NON-PLASTIC 

NON-PLASTIC 

NON-PLASTIC 

NON-PLASTIC 



TTERBERG LIMITS 
Natural 

Hole Sample Depth Moisture Liquid Plastic Plastic Liquid 
Number Number (Ft.) Content (%) Limit (%) Limit (%) Index Index 

TB-4 1 3.0 21.8 
2 4.5 21.5 31.8 22.9 8.9 -16 
3 6.0 21.3 
4 7.5 16.3 
5 9.0 10.3 
6 10.5 11.3 
7 15.5 8.6 
8 20.5 10.0 
9 25.5 5.0 
10 30.5 4.6 

TB-S 1 3.0 12.6 
2 4.5 9.1 
3 6.0 24.2 26.10 
4 7.5 23.0 
5 9.0 24.2 28.7 23.3 5.4 16 
6 10.5 23.0 22.9 
7 15.5 6.0 
8 20.5 14.6 
9 25.5 8.7 

10 30.5 10.2 




