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FINAL CONFIRMATORY SURVEY PLAN 
FOR PORTIONS OF THE 

HERITAGE MINERALS, INCORPORATED FACILITY 
IN LAKEHURST, NEW JERSEY 

PHASE 2 
(DOCKET NO. 040-08980; RFTA NO: 03-017) 

INTRODUCTION AND SITE HISTORY 

From 1973 to 1982, the Heritage Minerals, Inc. site was operated by ASARCO, Incorporated. 

ASARCO’s operations consisted of hydraulic mining (dredging) of sand deposits and processing 

these sands to extract the titanium mineral, ilmenite. The deposits contained approximately 95% 

silica (common sand) and 5% heavy minerals. There are many mineral constituents in the 

deposits that are heavier than silica; ilmenite is the predominant heavy mineral, followed by 

zircon, kyanite, sillimanite, rutile, staurolite, tourmaline and monazite. The monazite contains 

thorium and uranium causing the deposits to be radioactive. 

ASARCO’s process involved creating a pond for the dredge. The raw material was then brought 

in and placed in the dredge pond where the dredge sand was pumped to a screening barge where 

large roots, clay balls, and gravel were removed from the sand. The screened sand was pumped 

in slurry form to a land-based processing plant where the heavy metals were concentrated using 

spiral separators in a Wet Mill. The Wet Mill Tailings, consisting of silica sand and water were 

pumped back to the dredge pond as backfill. The heavy metals followed a different path and 

were dewatered and stockpiled outside the Wet Mill. ASARCO then would use water to wash 

away the fine clay which coated the mineral particles. Excess wash water and suspended clay 

were decanted off using large holding tanks before pumping out the sand. Clay-laden water was 

pumped to a series of large-area settling ponds on the north side of the Wet Mill. It should be 

noted that the monazite concentration was increased by the ratio of 24: 1 as a result of going 

through the Wet Mill and concentrating the heavy minerals down from 1,200 tons to 50 tons. 

Prepared by the Environmental Survey and Site Assessment Program, Radiological Safety, Assessments 
and Training, Oak Ridge Institute for Science and Education, under interagency agreement (NRC FIN No. 
55403) between the U.S. Nuclear Regulatory Commission and the U.S. Department of Energy. 
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The heavy mineral concentrate was then allowed to drain before it was transferred to a storage 

silo. The material was then fed onto a conveyor belt and dumped into an oil-fired rotary dryer 

where the sands were heated to 300 degrees F and completely dried. The heated sand was then 

conveyed to the Dry Mill which contains high-tension electrostatic separators and high-intensity 

magnetic separators. The high tension separators removed the ilmenite which is electrically 

conductive while the other heavy minerals remaining in the concentrate are non-conductors. The 

ilmenite was then placed in storage bins for shipping to customers while the non-conductor 

minerals, referred to as the Dry Mill Tailings, contained virtually all of the monazite material at a 

ratio of 2.5: 1. These tailings were then mixed with water and pumped to a storage area east of 

the mill. ASARCO had planned to process the Dry Mill Tailings at a later date for the extraction 

and sale of the zircon and monazite; however, deteriorating market conditions caused ASARCO 

to discontinue all operations at the site in 1982 and the property was sold to Heritage Minerals, 

Inc. (HMI) in 1986 (RSI 1997). 

After the property was purchased by HMI, the plant facilities were leased to Mineral Recovery, 

Inc. (MRI). MRI performed laboratory tests for the recovery of zircon and additional titanium 

minerals left behind by ASARCO; the monazite was to remain as part of the Dry Mill Tailings. 

MRI began plant operations in October, 1986 and continued until August, 1987 when their lease 

expired. HMI then took over operation of the mill until August 1990, when all production was 

stopped (RSI 1997). 

It was during the period when HMI began operations that the Dry Mill Tailings, containing the 

monazite, were reprocessed through the mill. The Dry Mill Tailings, now referred to as the New 

Feed for the zircon plant, were mixed with water and pumped to the Wet Mill. The slurry was 

then processed through Humphreys spirals to remove any remaining silica sand and some of the 

aluminum minerals. Practically all of the monazite makes it through this process. The tailings 

were then collected in a holding tank (sump) and pumped to the area north of the Wet Mill where 

it was dewatered and dried in the rotary dryer. The product was then fed to the Dry Mill where 

titanium minerals were separated using the high tension machines. The remaining material, 

containing the zircon and monazite, was reslurried with water and pumped back to the Wet Mill 

where the material was fed into a hydraulic classifier and then into shaking tables to remove 

remaining aluminum minerals. The table concentrate was then dewatered on a vacuum filter and 

dried and heated in a second oil-fired rotary dryer. The material was then conveyed over to the 
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Dry Mill and processed through the zircon circuit to remove the zircon (and monazite). Another 

process produced market-grade zircon with some monazite impurities. The remaining product, 

containing the majority of the monazite was then processed through the Wet Mill where it was 

combined with the spiral tailings and table tailings to make up the plant tailings which were then 

pumped to a storage area (RSI 1997). 

In March, 1990, HMI decided that sufficient zircon and titanium products remained in the plant 

tailings to warrant a second round of processing known as Phase II of the operation. HMI 

incorporated some minor variations to the above mentioned process during Phase II operations. 

One of these changes, which was dictated by the U.S. Nuclear Regulatory Commission (NRC) 

during the licensing process, involved isolating the monazite-rich tailings. The new procedure 

had the mill tailings being stored in an area southeast of the Dry Mill known as the Monazite 

Pile. In August, 1990, after about 200,000 tons of tailings were processed through the plant, 

HMI. decided to terminate all operations due to the economic turndown which resulted in a 

reduced demand for plant products (RSI 1997). 

The reprocessing of the 200,000 tons of plant tailings resulted in producing about 150,000 tons 

of tailings that were relatively monazite free. These tailings were stored separately from the 

Monazite Pile. As a result, approximately 1,400 tons of monazite-rich product were generated 

and were stored in the Monazite Pile. The Monazite Pile and the plant buildings were under 

control of the NRC according to terms of License No. SMB-1541 because of the thorium and 

uranium concentrations. 

After the plant shutdown in August, 1990, both mills were subjected to a thorough cleaning and 

decommissioning. All the equipment in the Wet Mill which was used in the project was washed 

down with high-pressure water hoses and nozzles until no sand was visible on or around the 

equipment. The sand and water collected in the sumps and pumps were drained on the concrete 

floor and the sand was collected and transported to the Monazite Pile using shovels and 

wheelbarrows. Because of the electrical equipment present in the Dry Mill, water was not used 

to clean the equipment. Instead, high-powered air hoses were used to blow down the sand and 

dust from the equipment, structural steel, walls and other surfaces (RSI 1997). 

After the plant cleanup, a gamma survey was performed within the plant building and on selected 

pieces of equipment which were known to have been in contact with the monazite-containing 
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product. Direct measurements were also performed on selected pieces of equipment (wet tables, 

dryer, and dry magnets). These survey activities were performed in January 1991 (RSI 1997). 

Radiation Sciences, Inc. (RSI), the previous decommissioning contractor to HMI, performed a 

survey of the natural background levels of uranium and thorium within the soils and background 

exposure rates in 1996 @SI 1996). This information was used to correct final survey soil sample 

and exposure rate data. RSI then performed decommissioning of the Wet and Dry Mills and the 

Monazite Pile and provided the results of their final status surveys to the NRC in December 2001 

(RSI 2001). 

At the request of the NRC, ESSAP performed confirmatory survey activities at the site in 

December 2001. The results of those activities indicated the surface activity levels in the Wet 

and Dry Mills and soil radionuclide concentrations in the Monazite Pile and other soil areas were 

in excess of the guideline levels. As a result, the NRC determined that further decommissioning 

activities were warranted (ORISE 2002). 

Currently, the new site decommissioning contractor, ENERCON Services, Inc. (EMRCON), has 

further remediated the Monazite Pile Area and a trench area that were identified during the’ 

previous ESSAP confirmatory survey activities. Pockets of “fugitive” source materials were 

found in these areas. After the completion of the final status surveys, these areas have since been 

backfilled with clean sand. For the Monazite Pile and the trench areas, the material was 

considered licensable material and these areas were remediated to less than 10 pCi/g for total 

thorium and 10 pCi/g for total uranium. Final surveys of materials located outside these areas 

indicated that all licensable material was removed. 

Approximately 300 tons of contaminated soils have been removed from the site, the excavated 

areas have been backfilled, and ENERCON has issued a final status survey report documenting 

their decommissioning efforts for the soil contamination (ENERCON 2003). ENERCON has 

also remediated and dismantled the Wet and Dry Mills and has disposed of the buildings’ 

construction components so that only the slabs remain. Some support buildings, however, are 

still being used for equipment storage and repair and office space. 

The NRC’s Division of Waste Management and Region I have requested that the Environmental 

Survey and Site Assessment Program (ESSAP) of the Oak Ridge Institute for Science and 
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Education (ORISE) perform radiological confirmatory survey activities on various land areas and 

the remaining Wet and Dry Mill slabs of the HMI facility in Lakehurst, New Jersey. 

SITE DESCRIPTION 

HMI is located in Lakehurst, New Jersey and is approximately 50 kilometers [km (30 miles)] 

southeast of downtown Trenton, New Jersey. The HMI facility once consisted of two large 

milling buildings known as the Wet and Dry Mills and other support and laboratory buildings 

occupying approximately 2,800 hectares [ha (7,000 acres)]. With the dismantling of the mills, 

two concrete pads still remain. The remaining buildings on the property are the Maintenance, 

Warehouse, Main Office, and Change House buildings. The site is bounded on the north and 

west by Route 70, the east by Route 37 and to the south by two residential areas and Pinewald 

Keswick Road. 

OBJECTIVES 

The objectives of the radiological confirmatory survey are to provide independent contractor 

field data reviews and radiological data for use by the NRC in evaluating the adequacy and 

accuracy of the licensee’s procedures and final status survey results, relative to established 

guidelines. Information will be gathered to evaluate the facility’s current radiological status as 

reported by the licensee. 

RESPONSIBILITY 

Work described in this survey plan will be performed under the direction of Eric Abelquist, 

Program Director, Tim Vitkus, Survey Projects Manager, and Wade Adams, Project Leader, of 

the Environmental Survey and Site Assessment Program. The cognizant ESSAP site supervisor 

has the authority to make appropriate changes to the survey procedures as deemed necessary. 

After consultation with the NRC site representative, the scope of the survey plan may be altered. 

Deviations to the survey plan or procedures will be documented in the site logbook. 

DOCUMENT REVIEW 

ESSAP has reviewed the final survey data and used the information gathered from that review to 

plan these confirmatory survey activities (ENERCON 2003). 
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PROJECT HEALTH AND SAFETY 

A walkdown of the project area will be performed in order to evaluate the survey areas for 

potential health and safety issues. Additionally, the proposed survey and sampling procedures 

are evaluated to ensure that any hazards inherent to the procedures themselves are addressed in 

current job hazard analyses (JHAs). The procedures entail minimal potential hazards that are 

addressed in current ESSAP JHAs. Personnel will also adhere to any Heritage Minerals site 

health and safety requirements. Radiological confirmatory survey activities are expected to be in 

areas that do not require radiation work permits or special dosimetric considerations. 

PROCEDURES 

ESSAP personnel will visit the HMI facility and perform visual inspections and independent 

measurements and sampling of portions of the site. Survey activities will be conducted in 

accordance with the OEUSE/ESSAP Survey Procedures and Quality Assurance Manuals (ORISE 

2003a and 2003b). Specific survey procedures applicable to this survey are listed on pages 10 

and 11 of this survey plan. 

REFERENCE SYSTEM 

ESSAP will use the reference system established by ENERCON, if it is still intact, for 

measurement and sampling locations. Digital pictures and prominent site features may also be 

used to reference locations in ungridded areas. 

SURFACE SCANS 

Gamma scans will be conducted over 100% of accessible soil surfaces within and in the 

immediate vicinity of the Monazite Pile and trench areas. ENERCON has already backfilled the 

Monazite Pile and trench area excavations but will re-excavate randomly selected locations by 

scooping out the soil with a backhoe. Due to the hazards associated with entering the open 

excavations, ESSAP will scan the soil inside the backhoe bucket. Gamma scans will also be 

performed over approximately 50% of the soil areas adjacent to the former mill facilities, 

including the pond area. Locations of maximum elevated radiation will be marked and identified 

for further investigation and possible soil sampling. All scans will be performed using NaI 

scintillation detectors coupled to ratemeters with audible indicators. 
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Surface scans for alpha plus beta and gamma radiation will be performed on up to 20% of the 

concrete pads where the mills once stood. Particular attention will be given to cracks and joints 

in the pads where material may have accumulated. Scans will be performed using gas 

proportional and NaI scintillation detectors coupled to ratemeters or ratemeter-scalers with 

audible indicators. Any locations of elevated direct radiation detected by surface scans will be 

marked for further investigation-to include additional surface scans, as deemed necessary to 

delineate contamination boundaries. 

SOIL SAMPLING 

Background soil samples were collected from each external background exposure rate 

measurement location during the previous ESSAP survey (ORISE 2002). Five soil samples each 

will be collected from the Monazite Pile and trench excavations; these soil samples will be 

collected from a backhoe bucket after the backfilled layer of soil has been removed. Surface (0 to 

15 cm) soil samples will be collected at the locations of maximum elevated direct radiation 

identified by surface scans around the remainder of the site. Subsurface soil samples may be 

collected if elevated radiation is suspected to be present below the initial 15 centimeters of 

exposed soils. Samples collected by ENERCON may also be requested for confirmatory 

analysis. 

SURFACE ACTIVITY MEASUREMENTS 

Construction material specific backgrounds will be collected and used to correct gross surface 

activity measurements. Direct measurements of alpha and beta surface activity will be performed 

at a minimum of ten locations on each concrete pad. Direct measurements will also be 

performed at locations of elevated direct radiation identified by surface scans-to include 

additional direct measurements as deemed necessary to delineate contamination boundaries and 

for the determination of 1 m2 average activity values. The direct measurements will be 

performed using gas proportional detectors. All detectors will be coupled to ratemeter-scalers. 

EXPOSURE RATE MEASUREMENTS 

Background exposure rate measurements were performed during the prior ESSAP survey at six 

locations within a 0.5 to 10 km radius of the site. With the exception of the soil samples 
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collected from the excavated areas, site exposure rates will be measured at each soil sample 

location. Exposure rate measurements will be performed at one meter above the surface using a 

micro-rem meter. 

SAMPLE ANALYSIS AND DATA INTERPRETATION 

Samples and data will be returned to OFUSE's ESSAP laboratory in Oak Ridge, Tennessee for 

analysis and interpretation. Sample analyses will be performed in accordance with the 

ORISE/ESSAp Laboratory Procedures Manual (ORISE 2003~). Soil samples will be analyzed 

by gamma spectroscopy and results reported in units of picocuries per gram (pCi/g). The 

radionuclides of interest are uranium and thorium; however, spectra will be reviewed for other 

identifiable photopeaks. Direct measurement data will be converted to units .of disintegrations 

per minute per one hundred square centimeters (dpd100 cm2). Exposure rates will be reported 

in microroentgens per hour (pR/h). 

The data generated will be compared with the applicable NRC guidelines established for release 

for unrestricted use (NRC 1981 and 1987). Results will be presented in a draft report and 

provided to the NRC for review and comment. Data and samples collected, as part of this 

survey, will be archived by ESSAP. 

SITE GUIDELINE CRITERIA 

The primary contaminants at this site are thorium and uranium. The applicable NRC guidelines 

for natural thorium and natural uranium surface activity levels are (NRC 1987): 

Natural Uranium 

5,000 a dpd100 cm2, averaged over a 1 m2 area 

15,000 a dpd100 cm2, total, maximum in a 100 cm2 area 

Natural Thorium 

1,000 dpd100 cm2, averaged over a 1 m2 area 

3,000 dpd100 cm2, total, maximum in a 100 cm2 area 
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ESSAP will use the more restrictive guidelines for thorium contamination. Natural thorium 

emits both alpha and beta radiations, therefore, either alpha or beta activity may be measured for 

determining the residual activity of the thorium contaminant. As interpreted by the NRC, the 

average 1,000 dpid100 cm2 and maximum 3,000 dpd100 cm2 should apply independently to 

both alpha and beta measurements for surface contamination involving natural thorium (NRC 

1992). ESSAP’s experience has shown that beta measurements typically provide a more accurate 

evaluation of thorium contamination on structural surfaces due to problems inherent in 

measuring alpha contamination on rough, porous, and/or dirty surfaces. For the thorium series in 

secular equilibrium, the activity level providing 1,000 alpha dpd100 cm2 would result in about 

670 beta dpd100 cm2. Therefore, a beta activity measurement that is greater than 670 dpd100 

cm2 will be considered to have exceeded the alpha activity guideline for thorium. 

The soil guidelines are as follows (NRC 1981 and 1983 and ENERCON 2003): 

Radionuclide 

Total uranium in excavated areas 

Total thorium in excavated areas 

Soil Concentration Above Background (DCi/g) 

10 

10 

Surveys will confirm that all licensable material has been removed from the site. 

The exterior exposure rate guideline is 10 pR/h above background (NRC 1991). 

TENTATIVE SCHEDULE 

Measurement and Sampling 

Sample Analysis 

Draft Survey Report 

September 8 through 10,2003 

October 2003 

October 2003 

The final letter report will be issued within 10 days of the receipt of the NRC comments on the draft 

letter report. 
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LIST OF CURRENT PROCEDURES 

Applicable Sections of the ORISEJESSAP Survey Procedures Manual (ORISE 2003a) include: 

Section 4.0 Quality Insurance and Quality Control 

4.1 General Information 

4.2 Training and Certification 

4.3 Records and Reports 

4.4 Equipment and Instrumentation 

4.5 Sample Handling 

4.6 Job Hazard Analysis - Sample Screening 

Section 5.0 Instrument Calibration and Operational Check-Out 

5.1 General Information 

5.2 Electronic Calibration of Ratemeters 

5.3 

5.5 

5.6 

5.9 

5.1 1 Floor Monitor Check-Out 

5.14 Field Measuring Tape Calibration 

5.17 

Gamma Scintillation Detector Check-Out and Cross-Calibration 

GM Detector Calibration and Check-Out 

Proportional Detector Calibration and Check-Out 

The Bicron Micro-Rem Meter Check-Out 

Job Hazard Analysis - Instrumentation Calibration and Setup 

Section 6.0 Site Preparation 

6.2 Reference Grid System 

6.3 Job Hazard Analysis - Site Clearing and Gridding 

Section 7.0 Scanning and Measurement Techniques 

7.1 Surface Scanning 

7.3 Alpha Radiation Measurement 

7.4 Beta Radiation Measurement 

7.5 

7.6 

Gamma Radiation (Exposure Rate) Measurement 

Job Hazard Analysis - Surface Scanning and Surface Activity Measurements 
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Section 8.0 Sampling Procedures 

8.1 Surface Soil Sampling 

8.2 Subsurface Soil Sampling 

8.15 Sample Identification and Labeling 

8.16 Sample Chain-of-Custody 

8.17 Job Hazard Analysis - Sampling 

Section 9.0 Integrated Survey Procedures 

9.1 Background Measurements and Sampling 

9.2 General Survey Approaches and Strategies 

Section 10.0 Safety and Contamination Control 

Applicable procedures from the ORISE/ESSAP Quality Assurance Manual (ORISE 2003b) include: 

Section 1 ESSAP Quality Assurance Responsibilities 

Section 3 Training and Certification 

Section 4 Instrument Quality Control 

Section 7 Sample Chain-of-Custody 

Section 8 Data Quality Control 

Section 11 Critical Record Handling and Storage 
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