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1.0 Background 

According to a report by the Argonne National Laboratory (1984), Phase I of the deactivation 
and decommissioning activities at the New Brunswick, New Jersey, site (NBL) was performed in 
1978 with the intent of releasing the buildings for unrestricted use. However, contamination was 
more widespread than anticipated, and it was determined that additional extensive cleanup would 
be required. Phase II cleanup began in March 1981. Phase IIA involved decontamination and 
removal of all above-ground structures; it was completed in September 1981. Phase IIB 
consisted of the removal of all on-site concrete foundations, drain lines, and contaminated soil. 
Phase IIB was completed in June 1984. As part of Phase II, an assessment of contamination in 
the off-site sanitary sewer and storm drains was completed. 
 
For the sake of expediency, all on-site drain lines and pipes were considered to be contaminated 
and were disposed of with the other radioactive waste generated during site remediation. 
Exceptions to this were two sewer lines running along the east fence of the property that could be 
broken open for complete surveys and were found to be uncontaminated; they were disposed of 
in a local landfill. After on-site pipes were removed, composite soil samples were collected from 
the remaining trenches to ensure the absence of “hot spots.” Concentrations of all trench samples 
met cleanup criteria that existed at the time. Results of trench samples are summarized in 
Table B-11 from the decontamination and decommissioning report from the Argonne National 
Laboratory (ANL) (ANL 1984, excerpted in Appendix A). Thirteen samples were collected from 
along the sewer lateral that is thought to terminate at Manhole 26 (with y values of 180.7). 
Radium-226 in those samples ranged from 0.6 to 5.1 picocuries per gram (pCi/g), while thorium-
232 ranged from 0.7 to 1.8 pCi/g. Uranium-235 was detected in three samples, at 0.8, 0.4, and 
0.3 pCi/g. Uranium-238 and americium-241 were below detection in all 13 samples. 

During the Phase II remediation, questions were raised about the potential for radioactive 
contamination in off-site sanitary and storm sewer drain lines. As a result, an investigation was 
conducted in 1982 (Appendix E of ANL 1984, excerpted in Appendix A as published in the 
Certification Docket). Various types of samples were collected from off-site and on-site sanitary 
sewer lines and from an outfall location about 0.25 mile from the site. At two locations, 
contamination was detected with a portable instrument. The section of pipe at one of these 
locations (location number 200) was removed and disposed of as contaminated. At the location 
showing the highest off-site activity concentration (location number 210), scrapings were 
collected in the vicinity of a cracked sewer tile at the base of Manhole 26 and submitted for 
radionuclide analysis. This sample exhibited elevated levels of radionuclides (See Figure 1, 
Table E-1 from ANL 1984). No elevated activity was detected at the outfall. 

The decontamination and decommissioning report (ANL 1984) concluded that the activity levels 
in scrapings from around the cracked pipe were higher than those at other locations, and that the 
exposure rate was also higher than “normal.” However, it was not considered to be a serious 
concern, though it was not “officially dismissed.” The report concluded that the sewer pipe 
should be replaced or that the proper agencies should be informed that potential risk was 
considered to be insignificant and that no further action is anticipated. The report did also note 
that “the total activity which could be trapped under the broken tile at sample location 
number 210, or at other inaccessible points in the line, is unknown.” The item was never 
officially resolved. 



 

Figure 1. Table E-1 from ANL 1984 
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A preliminary site visit to inspect Manhole 26 in November 2008 led to the discovery that the 
sides of the manhole had been grouted over, and the original sample location number 210 is no 
longer accessible (Figure 2 and Appendix B). Additionally, no evidence of a lateral pipe leading 
to the NBL property could be found. Therefore, the original sample cannot be replicated, and the 
U.S. Department of Energy (DOE) cannot visually inspect the manhole and lateral pipe to 
determine the integrity of the lines and the likelihood that leakage could have occurred. DOE 
believes that this proposed investigation and historical investigations can result in data that 
support a determination of whether additional remedial action or ongoing controls are needed.  
 

 
 

Figure 2. Interior of Manhole 26 at the New Brunswick, New Jersey, Site. 
 
 

2.0 Objectives of This Study 

The tasks described in this work plan are intended to identify either the presence or absence of 
radiological contamination in the manhole interior and surrounding soils that will lead to (1) the 
release of underground piping and surrounding soils for unrestricted use or (2) a determination 
that portions of the manhole/pipe and surrounding soils will require future remediation and must 
be placed under institutional control until that occurs.  

The activities described here are anticipated to fulfill requirements for a characterization survey 
as specified in the State of New Jersey’s Field Sampling Procedures Manual, Chapter 12, 
“Radiological Assessment.” The sampling approach is consistent with general sampling 
requirements of New Jersey Administrative Code (NJAC) Section 7:26E-3.4 for site 
investigations and for subsurface radiological surveys described in the State of New Jersey’s 
Field Sampling Procedures Manual, Chapter 12, “Radiological Assessment.” Results of soil 
laboratory analysis will be compared with derived concentration guideline levels (DCGLs) in 
NJAC 7:28-12 to determine if remediation is necessary or if the manhole and surrounding soils 
can be released for unrestricted use.  

Sampling of Manhole 26 will be biased, based on accessibility, professional judgment, and site 
history. The work will consist of an initial interior dose rate and gamma radiological survey of 
the manhole interior, followed by an exterior geoprobe survey of soils as close to the manhole as 
possible. Geoprobe borings will be checked for anomalous gamma radiation. Appendix C is an 
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analysis by Jim Berger, CHP, of the potential to identify low activities of gamma-emitting 
radionuclides in soil using instruments that also have been used to detect uranium daughter 
products on uranium mill tailings investigations. The tasks and objectives of the surveys are 
described in Table 1 and shown on Figure 3. 
  

Table 1. Characterization Tasks and Objectives for the Sewer Investigation at the New Brunswick, 
New Jersey, Site 

 
Task Use Decision/Conclusion 

Radiological gamma scan and 
exposure rate measurements of the 
interior of manhole using handheld 
instruments and following DOE-
compliant procedures) 

Compare results to 10 CFR 835 
limits for occupational exposure 
rates 

Determine if gamma activity from 
beneath the grout is present that 
would indicate the location of the 
1982 sample 

Determine need for controls for 
future utility work in 
manhole/sewer 

Determine if the manhole 
materials must be managed as 
radioactive waste for future 
disposal 

Geoprobe two continuous cores 
alongside Manhole 26 (see Figure 3). 
If possible, additional borings may be 
collected from alongside the 
assumed location of the lateral 

Profile soil and determine if 
granular material was used to bed 
manhole 

Perform field radiological analysis 
of soil cores 

Granular material will suggest that 
samples be collected at top of 
native material 

Identify portions of cores with 
elevated gamma readings 

Collect samples from the geoprobe 
cores for laboratory analysis; 
samples will be collected from a 
depth within 6” of the manhole base; 
an additional sample will be collected 
from the top 6 inches of native 
material if different from above. 
Samples with elevated gamma 
readings or having unusual visual 
characteristics will also be collected 

Submit soil samples for laboratory 
analysis for alpha and gamma 
spectrometry 

 

 

Determine if radiological 
contamination leaked into soil 
outside manhole 

Determine if liquid radiological 
contamination percolated down 
through granular material and 
collected in top layer of native soil 

Gamma logging of geoprobe holes 
adjacent to manhole; 0.5-foot 
intervals per New Jersey 
Radiological Assessment procedures 

Identify areas of elevated gamma 
activity; measurement interval 
ensures any soils > 5 pCi/g 
Ra-226 are detected if the 
contamination is within 1.5 feet of 
the boring 

Determine if soil requires future 
remediation. Evaluate potential 
concentrations of other 
radionuclides based on relative 
Ra-226 activities to other 
radionuclide activities in 1982 
sample result from crack in sewer 
tile. 

Determine depth to collect 
sample(s) for lab analysis 

Determine thickness of 
contaminated zone to select 
appropriate DCGLs 

Results from laboratory analysis of 
soil samples for radionuclides 

Confirm presence/absence of 
contamination based on gamma 
survey; determine if non-gamma 
emitters present; compare to 
DCGLs; based on correlation with 
gamma survey, delineate areas 
requiring remediation; determine 
appropriate management of 
investigation-derived waste 

If > DCGLs, require future 
remediation; if < DCGLs, soils 
need no restrictions 

 



 
U.S. Department of Energy Investigation Plan to Identify Contamination in a Sanitary Sewer 
December 2008 Doc. No. S0481600 
 Page 5 

 
 

Figure 3. Plan View of the Investigation Area at the New Brunswick, New Jersey, Site 
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It is anticipated that the interior survey will result in one of two conclusions regarding future 
work in the manhole: 

1. If any of the sampling methods used during the interior survey clearly indicates that the 
manhole does not meet radiological release criteria for surface contamination or that 
occupational exposure rates are exceeded, it is assumed that the manhole will need to be 
considered a controlled area. Appropriate worker protection will be required for future 
work in the manhole and any portions of the manhole/sewer removed for repair or 
replacement in the future will need to be scanned and, if necessary, disposed of as 
regulated radioactive material. DOE will implement the Deed Notice (Appendix D). 

2. If the sampling methods used for the interior survey indicate no radiological 
contamination above background, the assumptions will be made that no controls will be 
required for worker protection for future work in the manhole and that restrictions will be 
applied to scan pipe and other materials before disposal during future repairs or 
replacement. Restrictions will be managed through implementation of the Deed Notice. 

The combination of the interior and exterior surveys will result in one of two outcomes regarding 
future remediation: 

1. If the interior survey of the manhole detected no elevated radiological contamination and 
if all soil analyses are below DCGLs, a future owner can perform a sewer tie-in without 
restriction as long as any abandoned sewer lines are undisturbed. 

2. If the interior of the manhole has elevated radiological contamination or if any DCGL is 
exceeded in any soil sample, it is assumed that the piping/soil will require future 
remediation and the site will be referred to the U.S. Army Corps of Engineers (USACE) 
for further assessment and remediation under the Formerly Utilized Sites Remedial 
Action Program, or FUSRAP. DOE will implement the Deed Notice until such time that 
remediation can occur. USACE will monitor and, if necessary, control any utility work 
near the manhole and lateral alignment. 

It is expected that the information collected to meet the objectives discussed above will be 
sufficient to allow the potential buyer/developer of the NBL property to obtain the proper 
permits and fulfill other requirements needed to move forward on his plans. 
 
 

3.0 References 

ANL (Argonne National Laboratory) 1984. Phase II Decontamination and Decommissioning of 
the New Brunswick Laboratory—New Jersey Site, Interim Report, ANL-OSH/HP-84-110, 
November. 

NJAC 7:26E-3.4. New Jersey Administrative Code, Section 7:26E-3.4, “Technical Requirements 
for Site Remediation,” State of New Jersey, current version.  

NJAC 7:28-12. New Jersey Administrative Code, Section 7:28-12, “Soil Remediation Standards 
for Radioactive Materials,” State of New Jersey, 2000. 

State of New Jersey, current version. Field Sampling Procedures Manual, Chapter 12, 
“Radiological Assessment.”  
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Jersey Avenue, looking north, manhole located in road shoulder 
 
 

 
 

Jersey Avenue, looking north, overhead phone and electric lines, underground gas line marked 
with yellow flags 
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Jersey Avenue, looking south, storm sewer manhole grate east of the road 
 
 

 
 

Jersey Avenue, looking north, water line marked with blue paint, running perpendicular to the 
sanitary sewer line, about 15 feet south of the manhole 
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Jersey Avenue, looking north, overhead phone and electric power lines 
 
 

 
 

Jersey Avenue, looking north, about 100 feet south of the manhole 
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Jersey Avenue, looking north, area between road shoulder and the property fence line 
 

 
 

Looking east from the manhole cover 
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Jersey Avenue, looking south, about 80 feet north of the manhole, gas line shutoff valve located at yellow 
cover plate 

 
 

 
 

Jersey Avenue, looking south, northbound traffic is adjacent to the manhole 
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Interior of the manhole, the ladder rungs are facing the road, the NBL site is to the right side of the photo 
 
 

 
 

Interior of the manhole 
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Open manhole with manhole cover set aside 
 
 

 
 

Interior of the next sanitary manhole to the north, this manhole is also adjacent to the NBL site 
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Detection Sensitivity of In-situ Gamma Measurements 
 
The methodologies recommended in the Multi-Agency Radiation Surveys and Site Investigation 
Manual (MARSSIM) Sections 6.7.1. and 6.7.2 were used to estimate minimum detectable 
responses for Eberline 2-inch × 2-inch (SPA-3) and Bicorn ½-inch × 3-inch sodium iodide (NaI) 
detectors. For a static count over a time period of t the equation is:  
 

Minimum detectable count = [3 + 4.65 (BKGD rate*t)0.5]/t  
 
and for scanning the equation is:  
 

Minimum detectable count rate = d’* (BKGD rate*i/60)0.5] 60/i  
 
where d’ is the factor for probability of detection and i (dwell time) is the time under the 
influence of the volume of soil in question. From the tables of calibration data, background count 
rates were assumed to be approximately 15, 000 counts per minute (c/m) for the 2-inch × 2-inch 
detector and 3,250 c/m for the ½-inch × 3-inch detector. A static count time of 1 minute and a 
scan dwell time of 1 second were assumed for the calculation; the conservative value of 1.38 was 
chosen for d’. Resulting calculations are: 
 

Table 1. Detectable Count Level for 1-Minute Static Counts and 1-Second Dwell Time Scans 
 

Detectable Level (c/m) Detector 
Static Count Scan 

2-inch × 2-inch 573 1309 

½-inch × 3-inch 268 609 

 
 
Based on the calibration information, it is estimated that over 95 percent of the detected uranium-
ore photons originate from a soil volume within about 15 inches of the detector. The response 
factors for the detectors are 0.00892 picocuries per gram per counts per second (pCi/g/c/s) or 
6,726 counts per minute per picocurie per gram (c/m/pCi/g) for the 2-inch × 2-inch detector and 
0.04942 picocuries per gram per counts per second (pCi/g/c/s) or 1,214 c/m/pCi/g for the 
½-inch × 3-inch detector. This calibration was determined (for practical purposes) for an infinite 
thickness of contaminated soil. Also, the calibration was through a ¼-inch steel liner, and it is 
assumed that the effective thickness of the Geoprobe liner and the lateral clay drainage line will 
be comparable to that of the calibration source liner; therefore, no liner correction factor was 
applied to these response values. Because it was considered likely that the volume of 
contaminated soil around a leaking pipe or in a residual deposit would be less than the that of the 
calibration source, several rough Microshield calculations were performed and the responses, 
relative to the calibrated configuration, were determined to be 0.48, 0.74, and 0.93 for cylindrical 
radii of 3, 6, and 12 inches, respectively, around the detector. In addition, the relative effect of 
the linear thickness of the contaminated deposit for a 6-inch cylindrical radius configuration was 
determined to be approximately 0.55 and 0.80 for linear thicknesses of 6 and 12 inches, 
respectively, along the axis of the detector.  
 
Estimated detection sensitivities for uranium ore of several different configurations are indicated 
on Table 2. The scan calculation also incorporates the recommended surveyor performance 
factor of (0.5)0.5.   



 

 

 
Table 2. Detection Sensitivities for Various Configurations of Uranium Ore 

 
Source Dimensions (inches) Detection Sensitivity (pCi/g) Detector 

(inches) Radius Length 1-Minute Static Count Scan (1-second dwell time) 
2 × 2 >15 30 0.12 0.28 
2 × 2 12 30 0.13 0.30 
2 × 2 6 30 0.16 0.37 
2 × 2 3 30 0.25 0.57 
2 × 2 6 6 0.29 0.67 
2 × 2 6 12 0.20 0.46 
½ × 3 >15 30 0.22 0.70 
½ × 3 12 30 0.24 0.76 
½ × 3 6 30 0.30 0.95 
½ × 3 3 30 0.46 1.28 
½ × 3 6 6 0.55 1.73 
½ × 3 6 12 0.38 1.19 
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The estimates indicate that small volumes of uranium-ore-contaminated soil below the 
unrestricted use concentrations of 3 pCi/g (assumed to include background of approximately 1 to 
1.25 pCi/g of radium 226) should be readily detected by static counts and scans with either of the 
detectors. The static count is, of course, the more sensitive technique; however, it requires 
considerably more time to thoroughly cover the suspect soil volume than can be achieved with a 
scan. A combination of these techniques would optimize the advantages of both.  
 
It should be noted that these are simplified calculations and provide only rough approximations 
of the full effect of contaminated soil volume dimensions on the observed count rate. Also, these 
calculations assume that the volume of contaminated soil is homogeneous and that there is no 
shielding by clean soil between the detector and the contaminated material; 12 inches of clean 
soil will reduce the total photon flux by a factor of 90 to 95 percent. Therefore, the detection 
sensitivities at a detector/source distance of 12 or more in soil would be roughly a factor of 10 to 
20 times higher, or greater.  
 
The sample results indicate that Th-232 is the dominant gamma-emitting contaminant present. 
Typically, sodium iodide detectors will be more sensitive for Th-232 + D than for Ra-226 + D. 
As a first approximation, the detection sensitivity concentrations for the Thorium series will be 
about 70 percent of those for uranium ore, which indicates that the level of 2 pCi/g of Th-232 
(about 1 to 1.5 pCi/g above typical background) would also be detectable.  
 
Bottom line is that a combination of scan and static count surveys of suspect soil volumes should 
identify the presence of small deposits of uranium ore or Th-232 contamination above the 
guideline levels. As the deposits become larger, the probability of detection at the guideline 
levels increases. Some discrepancies in the soil sample analysis are indicated, and a single 
sample does not provide a high level of confidence regarding the identity and relative 
abundances of radionuclides potentially present. Therefore, I would be reluctant to draw 
conclusions regarding the detectability of other radionuclides, based on the response to uranium 
ore or Th-232.  
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