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1.0 INTRODUCTION 

The purpose of this report is to document post-remedial action 
sampling performed by Bechtel National, Inc. (BNI) on the 
Middlesex Municipal Landfill (MML) in Middlesex, New Jersey. 
The MML site is located in the Borough of Middlesex, Middlesex 

County, New Jersey, approximately 18 mi southwest of Newark 

(Figure 1). The Middlesex Sampling Plant (MSP) is located about 

0.5 mi southeast of the landfill. Remedial action was conducted 
.at the Mm from 1984 through 1986 under the Formerly Utilized 
Sites Remedial Action Program (FUSRAP), a U.S. Department of 

Energy (DOE) effort to identify, decontaminate, or otherwise 
control sites where low-level radioactive contamination 

(exceeding current guidelines) remains from the early days of 
the nation’s atomic energy program. FUSRAP is currently managed 

by DOE’s Oak Ridge Operations Office. As the Project Management 
Contractor, BNI acts as DOE’s representative in the planning, 

management, and implementation of FUSRAP. 

This report briefly describes the origin of the radioactive 
contamination on the MML property, the method used to 
determine its extent, and the type of remedial action 

performed. It also provides the guidelines used in performing 

the remedial action, summarizes the data on the current 
radiological status of the property, and presents final 

excavation limits and depths. 

Background 

The MSP was used for the assaying of uranium and thorium 

ores between 1943 and 1955. During the operation of the MSP, 

some radioactively contaminated soil containing pitchblende (a 
naturally occurring uranium ore) was shipped to the MML. 
Although there is no documentation to indicate when the 
contamination of the landfill occurred, a review of MSP files 
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documenting operations conducted from 1946 to 1966 indicates the 
contaminated soil was probably shipped to the landfill between 
November 1947 and October 1948 (Ref. 1). Construction of a 
drainage ditch and paved storage area at the sampling plant took 
place during this period; it is believed that some of the 

material deposited at the landfill may have resulted from these 

construction activities. During landfill operations conducted 

in subsequent years, layers of cover material of various 

thicknesses were placed on top of the contaminated materials. 

The landfill has not been used for solid waste disposal since 
1974. 

During a local civil defense exercise in May 1960, monitors 

detected elevated radiation levels in the landfill. A 

radiological survey was conducted, and the results confirmed 
elevated gamma radiation levels (several times background) 
over a fairly consolidated area covering less than a half acre. 

In 1961 the Atomic Energy Commission (AEC) removed the top layer 
of material from the landfill’and covered the area with a 2-ft 

layer of clean dirt. The contaminated soil (approximately 

650 yd3) was taken to the AEC laboratories in New Brunswick, 
New Jersey. 

In 1974, the AEC conducted a radiological survey of the area 

(Ref. 2). Survey results confirmed the existence of a 
contaminated area lying between Middlesex Presbyterian Church 

and properties owned by the Borough of Middlesex. The Oak Ridge 

National Laboratory (ORNL) conducted another radiological survey 
in 1978 (Ref. 3). 

Based on survey results and on the configuration and usage of 
the landfill, it was concluded that the MML did not present a 
significant potential radiation hazard to the public. However, 
it was further concluded that if the area were to be developed 
for residential or commercial purposes at some future date, 
exposure of workers or the public in excess of guideline levels 
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could result if remedial action were not taken. 

An engineering evaluation of remedial action alternatives and an 
environmental assessment were performed by Ford, Bacon, and 
Davis in 1979 (Refs. 4, 5). Remedial action began at the MML in 

1984 and was completed in 1986. 

2 .O REMEDIAL ACTION GUIDELINES 

The principal radionuclides of concern at the MML were 
radium-226, thorium-232, and uranium-238. Table 1 lists the DOE 
residual contamination guidelines governing the release of the 

property for unrestricted use (Ref. 6). DOE implemented these 

guidelines on the basis of their compatibility with the criteria 

used for the same purpose by the Environmental Protection Agency 

(EPA) (Ref. 7). Since compliance with the remedial action 
guideline for radium ensures that the concentration of residual 

uranium is also acceptably low, a site-specific guideline for 

uranium was not calculated. However, if typical (as opposed to 

site-specific) values are used as the basis for calculating a 

guideline for uranium, this guideline would be approximately 

75 pCi/g. Where the guidelines in Table 1 were exceeded, 

contaminated soil was removed from the property until 
radionuclide concentrations were within guidelines. On the 

basis that these guidelines have been met, the property can be 
released for unrestricted use. 

3.0 REMEDIAL ACTION 

After it was determined on the basis of radiological surveys 

that the MML was contaminated, DOE “designated’ it for remedial 
action. This means that the landfill was found to be 

contaminated in excess of DOE guidelines and was therefore 
eligible for remedial action under FUSRAP. The Borough of 

Middlesex (owner of the landfill) was notified at this time, and 
BMI began the engineering design and related activities to hire 
local subcontractors to perform the cleanup work (Ref. 8). 

3 II-235 



Cleanup/Decontamination Activities 

.- 

When the design work had been completed and a local 
subcontractor hired, drawings showing the extent of the 
contamination in the soil on the property were given to the 
excavation subcontractor. Figure 2 shows the areas excavated in 

1984 and 1986. The subcontractor removed the soil as indicated 
in the engineering drawings, placed it in dump trucks, and 

transported it to the storage pile at the MSP site, where it 
will be stored until a permanent disposal site is selected. 

Contamination Control Durinq the Cleanup 

During the cleanup, several measures were taken to control the 
radioactive materials being removed from the MML site. These 

measures were designed to keep nearby residents from being 

exposed to radiation in excess of applicable standards during 

remedial action. The primary pathway by which residents and 

workers could be exposed to radiation was from dust released 
during excavation. To prevent sui=h exposure, the subcontractor 

was required to keep all excavations and work areas free from 
dust by keeping the soil moistened. 

To keep uncontaminated areas clean during the course of 

excavation work, haul trucks were kept draped with tarpaulins 

before they were loaded. This kept contaminated dirt from 

getting on the exteriors of trucks and later falling off the 
trucks and onto clean property. If a truck was parked on a 

clean area while being loaded, the ground was also covered with 

a tarpaulin and the truck pulled onto it before being loaded. 
If contaminated soil was spilled during the loading of the 

truck, the tarpaulin prevented the contamination of clean 
ground. Measures were taken to prevent the leakage of 
contaminated material onto city streets; these measures included 
the installation of gaskets around the tailgates of the trucks. 
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To prevent soil from falling off the truck and onto clean ground 

or rcadways, all trucks hauling contaminated soil were covered 
before leaving the site. The haul trucks were also monitored 
for removable surface contamination. Any truck found to contain 
surface contamination exceeding allowable limits was 

decontaminated in the vehicle washdown facility before leaving 

the site (Figure 2). 

The combination of these measures effected control of the 
contamination and prevented its spread onto areas accessible to 
the general public. Continuous air sampling was performed along 
the perimeter of the site during excavation to monitor the 
presence of alpha-emitting radionuclides in the air. The 
average concentration of these radionuclides in the 84 air 

samples collected was Less than 1.3 x 10 -14 ACi/ml. The most 
restrictive DOE guideline for the radionuclides present at the 

site would be the thorium-230 guideline of 8 x 10 -14 pCi/ml. 

4.0 POST-REMEDIAL ACTION SAMPLING 

The contaminated portion of the MML was found to cover an area 
of approximately 3 acres, with contamination extending from a 
depth of approximately 1 ft below the ground surface to a depth 
of about 18 ft. Surface contamination was found to be below 
guideline levels based on radiological surveys of the ground 

surface. 

Remedial action was conducted at the MML in accordance with the 

sorting procedure shown in Figure 3 for separating contaminated 
materials from clean materials. The contaminated subsurface 
materials were excavated in distinct lifts, each of which was 
30 ft wide and 1 ft deep. The lift extending from the surface 
to a depth of 1 ft is designated Lift 1; the lift extending from 
a depth of 1 f t to a depth of 2 ft is Lift 2, and so on. Lift 
17 was the final lift to be excavated. Each lift was removed in 
two 15-ft strips. Each strip of each lift was radiologically 

surveyed prior to excavation and classified as either 
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contaminated or clean. The contaminated materials were 
transported to the contaminated waste storage pile at the MSP; 
the clean soil was stockpiled and used to backfill the 

excavation after remedial action was confirmed as complete. 

After the contaminated soil was removed, the sides and bottoms 
of the excavations were radiologically surveyed and sampled to 
ensure that the property was indeed clean (exhibited no 

radionuclide concentrations in excess of the DOE guidelines). 

Surface Gamma Radiation Scans 

Following removal of each lift, two types of gamma radiation 

scans were conducted to determine whether all radioactively 

contaminated soil had been removed. First, a walkover scan was 

performed. In conducting this scan, the surveyor held the 
radiation detector a few inches above the ground surface and 

slowly moved it back and forth while walking over the excavated 
area. This type of survey was performed to detect areas of 
residual contamination exceeding DOE guidelines for subsurface 

areas. The advantage of the walkover survey is that the 

detector quickly scans the area as the excavation proceeds. 

The second type of gamma radiation scan was performed after all 

contamination detected by the walkover scan was removed. In 
performing this scan, the surveyor used a detector with lead 

shielding around all portions of the detector except the surface 
parallel to the ground. The purpose of the lead shielding is to 

ensure that any radiation detected is emanating from the ground 
directly under the detector. At the MML, the surveyor took 

systematic measurements at intervals of approximately 7.5 ft in 
the excavated areas to ensure that the area had been cleaned of 
radioactively contaminated soils. 

If either of these two types of gamma radiation scans revealed 

contamination at the MML in concentrations exceeding DOE 

6 II-238 



guidelines, additional soil was removed, and both types of scans 
were performed again. This process was repeated until DOE 
guidelines were met. 

Soil Sampling 

An extensive soil sampling program was conducted in addition to 
the two types of gamma radiation scans described above. 
Post-remedial action sampling comprised the collection of 4,800 
soil samples at 15-ft intervals. To ensure that the excavation 
was deep enough to remove contamination exceeding DOE 
guidelines, samples were collected from each lift following 
removal of the previous 1 ift. For instance, after Lift 1 was 
removed, samples were collected at a depth of 1 to 2 ft. The 
processes of removing each lift and sampling the l-ft soil layer 
below it were conducted alternately until the lower limit of 
contamination was reached. Two samples were collected at each 
15-ft interval of each lift: one from the vertical midpoint of 
the lift, and one from the bottom’ of the lift. Sampling 
locations are shown in Figures 4-20. Figure 21 shows overall 
excavation depths. 

The soil samples were analyzed to determine the concentrations 
of radium-226, thorium-232, and uranium-238. Results of these 
analyses are summarized below; individual results for each 
sampling location are contained in Reference 9. Of the 4,800 
samples collected, only 32 samples exceeded the 15-pCi/g cleanup 
guideline. Each of these 32 samples was individually 
investigated. In accordance with DOE guidance, average 
concentrations were calculated for these samples and were found 
in all cases to fall within the 15-pCi/g limit for loo-m2 
areas (Table 1). Analysis results for radium-226 indicated 
concentrations ranging from 0.1 to 43.2 pCi/g, with an average 
concentration of 1.9 pCi/g. For thorium-232, concentrations 
ranged from 0.1 to 32.0 pCi/g, with an average concentration of 
1.6 pCi/g. Uranium-238 concentrations ranged from 0.3 to 
37.6 pCi/q, with an average concentration of 6.5 pCi/g. 
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Exposure Rate Measurements 

Pressurized Ionization Chamber (PIG) readings were taken to 

measure the gamma radiation exposure rate after the 
contamination was removed and the excavation backfilled with 

clean material. The PIC was set up at the locations shown in 

Figure 22. As shown in Table 2, all exposure rates 1 m above 

the surface of the backfilled excavation were less than or equal 
to the background radiation level for the New Jersey area. The 
values in the table were calculated from measured exposure rates 
and assume cant inuous exposure. 

5.0 POST-REMEDIAL ACTION STATUS 

As shown in Table 2, gamma radiation exposure rate measurements 

taken after removing the radioactive materials show that there 
is no area in which radioactive contamination remains in 

concentrations sufficient to result in a dose in excess of the 
DOE radiation protection standard of 100 mrem/yr. An 

independent assessment of the remedial action conducted at the 
Middlesex Municipal Landfill site, Middlesex, New Jersey was 

performed by the Oak Ridge Associated Universities (ORAU) under 
the Radiological Site Assessment Program. The purpose of the 

assessment was to verify the BNI data supporting the adequacy of 
the remedial action and to confirm that radiological conditions 

at the landfill are in compliance with DOE remedial action 
guidelines. 

In addition to the surveys performed on behalf of DOE, 

monitoring of remedial action activities was conducted by the 
New Jersey Department of Environmental Protection. This 

included observing on-site operations and procedures, and 
analyzing archived soil samples. 

Based on all data collected, the Middlesex Municipal Landfill 

site conforms to all applicable DOE radiological guidelines 
established for release of this site for unrestricted use. 
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NOTE: The guidelines contained herein have been superseded 
by those contained in Appendix A to Exhibit I of the 
certification docket. 

TABLE I 

SUWMRY OF RESIDUN CONTAMINATION GUIDELINES 

Psge I of 2 

BASIC DOSE LIMITS 

The bstlc llmlt for the annual radiation dose received by en lndlvldusl munber of the general public Is 

IO0 mran/yr . 

SOIL (LAND) GUIDELINES (MAXIWM LIMITS FOR UNRESTRICTED USE) 

Redlonuc I Ibe Soll Concentration (pCl/g) sbovc backgrounda rb.c 

Rsdl m-226 
Red1 ~1-228 
Thor I m-230 
Thor 1 urn-232 

II belOb 
I5-cm- 

5 pCl/g, averaged over the first I5 cm of ti 
the surface; I5 pCl/g rhen everegeo over eny 

thick roll layer belor the surface Isyer. 

Mher rsdlonuclldes Sol1 gulcIel1nes rlll be celculeted on a slttspalflc 
bssls using the DOE manual Qveloped for thls use. 

STRUCTUR GUIDELINES (MAXIPUP LIMITS FOR UNRESTRICTED USE) 

Afrbornc Rsbon Decoy Products 

tineric guldellnes for concentrstlons of slrborne rsdon decoy products shall apply to exlstlng acupled 

or habltsble structures on prlvute property that ore intended for unrestrlCte8 use; structures that 

rlll be Wnollshed or burled are excluded. The applicable generic 9uldsllne (40 CFR 192) Is: In any 

acupled or hsbltsble bul Idlng, the obJectlve of r~dlsl actIon shall be, and reasonable effort sha! I 
be msae to echleve, sn annual eversge (or equlvslentl radon decay product concentration (Including 

beckground) not to exceed 0.02 UL.d In any case, the radon cbcsy product concentrstlon (Inc ludl ng 

beckground) shsl I not exceed 0.03 K. Runedlel edlons are not required In order to corrply rlth this 

guIdelIne when there Is reasonable assurance that resldusl rsdloectlve materials are not the cause. 

External Gsmns Rscllcrtfon 

The average level of gawns redlstlon lnslck a bulldlng or hebltsble structure on Q site to be released 

for unrestricted use shsl I not exceed the buckground level by more than 20 pR/h. 

Indoor/Outdoor Structure Surfae Contwl net Ion 
Allowable Resldusl Surfece Contmlnstlone 

(Qm/lOO cm2) 

Rsdi onuc I I def 

Transursnlcs, Rs-226, Rs-228, Th-230, Th-228 
Pe-231, AC-227, l-125, l-129 

Aversqdo h Mexlmumh~’ Runovsbleh*J 

100 300 20 

Th-Ns+urs I, Th-232, Sr-90, Re-223, Rs-224 
U-232, I-126, I-131, l-133 

1,000 3,000 200 
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TAE’LE I 

Page 2 of 2 

tcont ‘wed) 

Indoor/Outdoor Struc)urc Surtac Contunlnat’on (contlnusd) 
Allousblc ResiOuaI Sutfre Contunlnat’one 

(*m/l00 cd) 

Rsdlonuc 1 I ckaf h AverageQ~ Max Imunhs ’ Rmovab leh*J 

lkNaturs I, U-235, U-238, and arsalated decay 
products 

5,000 4 ‘5,000 - ‘,ooo cd 

Bets-9umns anltters (radfonucl’des rlth eecey 
moees other than alpha n’ss’on or spontaneous 

fIrsIon except Sr-90 and others noted above 

5,oOoB- b’ ‘5,Ow B-8 ‘,OOOkW 

‘These 9u’del’nes take Into account lngrouth of radirm-226 frun thorlm-230 and of rad’m-228 frm 

thorium-232, and assume secular equl Ifbrlum. If either thorium-230 an8 red1 -226 or thor rum-232 
and radlun-22E are both present, not In secular equlllbrlun, the guidelines apply to the higher 
ooncentratlon. If other m’rtures of radlonucIlbes mcur, the concentrations of lndlvldual 

radionucl fees she I I be reduced so that the Qse for’ the r’xtures WI I I not exceed the basic ease 
I ‘m’t. 

bhese guldel’nes represent unrestricted-use residual concentretlons above background averaged aross 
any 15scm-thick layer to any depth and over any contl9t~ous loo-m2 surfae area. 

cLaaIlzed concentrations ln excess of these IlmIts are allorable provided that the average 
concentration over a 100-m2 area does not exceebd these Ilmlts. 

aA rorklng level ‘K) Is any cunblnetlon of short-lived radon &cay products In I I’ter of air that 

rlll result In the ultlmste unlss’on of I.3 x IO5 MeV of potential alpha energy. 

*As used In thls table, Q m (dlslntegratlons per minute) means the rate of wnlsslon by radloactlve 

material as determIned by corr&Ing the cwnts pr minute observed by en qproprtate detector for 

background, efficiency, and geanetrlc factors essoclated rlth the Instrumentation. 

fUhere surfae torrtamlnatlon by both alpha- end beta-gama-mlttlng radlonuc’lc#as exists, the llmlts 

established for alpha- and beta-gmwna-anlitlng radlonucl’des should apply Independently. 

QbaSurwntS of everOpE oontUn’nat’on should not b averaged over more than l m2. For ObJms of 

less surface area, the average shall be Oerlved for eah ;uch obJat. 

hThe average and maximum radletlon levels associated rlth surface cont8nInat’on result’ng f 

bet-game m’tters should n& exceed 0.2 mred/h and 1.0 mrad/h, respe&Ively, ut I cm. 

‘The maxlmum contmlnation level @pIIes to en area of not more then 100 cm2. 

JTM mount of rcmovab’e red’oeti’ve materte’ per 100 cm2 of surfae area should be merm’ 
rlplng that area rlth dry f’lter or soft absorbent paper, rpply’ng moderate prossure, and 

run 

ned by 

measuring the 

mount of radioactive materlet on the ripe with an appropriate Instrument of known efflclency. When 

removable contunlnatlon on obJects of surfae area less than 100 an2 Is datermIned, the atlvlty per 

unit area should be based on the atual area end the entlre surfae should be rlped. fhe numbers In 

this column are maxlmum 8nounts. 
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TABLE 2 
GAMMA RADIATION EXPOSURE RATE MEASUREMENTS 

AT MIDDLESEX MUNICIPAL LANDFILL* 

Number of 
Measurements 

Exposure Rate (mrem/yr)+* 
Average Range 

DOE Radiation Protection 
Standard (mrem/yr)*** 

35 a0 60-94 100 

*Measurements were taken 1 m above the backfilled excavation. 

**Converted to 100 mrem/yr from exposure rate measurements. Assumes continuous 
occupancy at point of measurement, and includes contribution from natural 
background. 

***Above background. 
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GLOSSARY 

,- 

- 

Background Radiation - Background radiation refers to 
naturally occurring radiation emitted from either cosmic (e.g., 
from the sun) or terrestrial (e.g., from the earth) sources. 
Exposure to this type of radiation is unavoidable and its level 
varies greatly depending on geographic location; e.g., New 
Jersey typically receives 100 mrem/yr, Colorado receives about 
300 mrem/yr, and some areas in South America receive up to 7000 
mrem/yr. Naturally occurring terrestrial radionuclides include 
uranium, radium, potassium, and thorium. 

Contamination - Contamination means a concentration of 
radioactive materials in the soil exceeding that permitted by 
DOE guidelines. 

Counts per minute - A count is the unit of measurement 
registered by a radiation detection ‘instrument when radiation 
imparts its energy within the sensitive range of the detector 
probe. The number of counts registered per minute can be 
related to the number of disintegrations per minute occurring 
from a radioactive material. 

Disintegrations per minute - Disintegrations per minute is the 
measurement indicating the amount of radiation being released 
from a substance per minute. See the definition of picocurie 
for more information. 

Exposure rate - Exposure rate is the rate at which radiation 
imparts energy to the air. Exposure is typically measured in 
microroentgens @R) and the exposure rate is typically given as 
pR/h. The dose to the whole body can be approximated by 
multiplying the exposure rate by the number of hours of 
exposure. For example, if an individual were exposed to gamma 
radiation at a rate of 20 uR/h for 168 hours per week 
(continuous exposure) for 52 weeks per year, the whole-body dose 
would be 170 mrem. 
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Gamma Radiation - See radiation. 

Gram - A gram is a metric unit for weight. It takes 454 grams 
to make 1 pound: 1 ounce equals 28 grams. 

Meter - A meter is a metric unit of measurement for length; 
1 meter is equal to approximately 39 inches. 

Microroentgen - A microroentgen (uR) is a unit used to measure 
radiation exposure. For further information, see the definition 
of exposure rate. 

Millirem - The millirem is the unit used to measure radiation 
doses to man. The DOE limit is 100 mrem above background 
radiation levels for members of the general public in any one 
year. For comparison, a typical chest x-ray is about 40 mrem. 
Naturally occurring radioactive substances in the ground result 
in a yearly exposure to everyone of about 100 mrem. To date, no 
difference can be detected in the’health of population groups 
exposed to 100 mrem/yr above background and in the health of 
groups who are not exposed. 

Microrem - The microrem is also a unit used to measure 
radiation doses to man. It is equal to one-thousandth of a 
millirem. 

Picocurie - A picocurie is the unit of measure for 
radioactivity just as an ounce is a unit to measure weight. One 
picocurie means that one radioactive particle is released on the 
average of every 27 seconds. 

Pitchblende - A black-to-brown ore mineral that is the chief 
source of uranium. 

Radium-226 - Radium-226 is a naturally occurring, radioactive 
material that spontaneously emits alpha radiation. 

3’1 
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Radiation - There are three primary types of radiation: alpha, 
beta, and gamma. Alpha radiation travels less than an inch in 
air before it stops. Alpha radiation cannot penetrate the outer 
layer of skin on the body. Beta radiation can penetrate the 
outer layers of skin, but cannot reach the internal organs of 
the body. Gamma radiation is the most penetrating type and can 
usually reach the internal organs. 

Radionuclide - A radionuclide is a specific radioactive 
element. For example, uranium-235 is a radionuclide, 
uranium-238 is another, thorium-232 another, and so on. 

Remedial Action - Remedial action is a general term used to 
mean gcleanup of contamination.g It refers to any action 
required so that a property can be released for unrestricted use 
as uncontaminated. In practice, this may mean removing grass 
and soil, cutting trees, removing asphalt, etc. 

Thorium - Thorium is a naturally occurring element that is 
recovered from monazite for commercial purposes. Monazite 

contains from 3 to 9 percent thorium oxide. The principal use 
of thorium to date has been in the preparation of gas lantern 
mantles because thorium oxide burns with a brilliant white 
light. Thorium oxide is also commonly found in high quality 
glasses and camera lenses because of its good optical 
characteristics. 

Unrestricted Use - Unrestricted use means that a property can 
be used for any purpose without regard to the radioactivity that 
used to be on the property. These uses could include anything 
-- farming, a residence, a playground, etc. 

Uranium - Uranium is a naturally occurring, radioactive 
element. The principal use of uranium -- when refined -- is for 
the production of fuel for nuclear reactors. Uranium in its 
natural form is not suitable for use as a fuel source. 
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Working level - Working level is a unit of measurement for the 
energy expended in air by radon or its radioactive decay 
products. The term was derived for use with uranium mine 
workers and has become the accepted unit for environmental 
measurements. 

39 II-271 



Exhibit II (7) - Interim Verification Letters to Property Owners and 
Verification Statements and Reports 

The verification statement for the subject properties is listed 
below and included in this section. The verification report is also 
included in this section. 

Letter, J.D. Berger, Oak Ridge Associated Univer- 
sities, to J.J. Fiore, Director, Division of 
Facility and Site Decommissioning, Office of 
Nuclear Energy, Department of Energy Headquarters. 
"Verification of Remedial Actions at the MML," 
March 16, 1987. 

Oak Ridge Associated Universities. Verification 
of Remedial Action, Middlesex Municipal Landfill, 
Middlesex, New Jersey, Oak Ridge, Tennessee, 
September 1987. 
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