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ABSTRACT 

During 1988, the environmental monitoring program. begun in 1984, 
was continued at the Maywood Interim Storage Site (MISS), a U.S. 
Department of Energy (DOE) facility located in the Borough of 
Maywood and the Township of Rochelle Park, New Jersey. The MISS is 
currently used for storage of soils contaminated with low-level 
radioactivity. 

-- 
The MISS is part of the Formerly Utilized Sites Remedial Action 
Program (FUSRAP), a DOE program to identify and decontaminate or 
otherwise control sites where residual radioactive materials 
(exceeding current guidelines) remain from the early years of the 
nation's atomic energy program or from commercial operations causing 
conditions that Congress has mandated DOE to remedy. As part of the 
decontamination research and development project authorized by 
Congress under the 1984 Energy and Water Development Appropriations 
Act, remedial action is being conducted at this site and at vicinity 
properties by Bechtel National, Inc. (BNI), project management 
contractor for FUSRAP. The environmental monitoring program is a160 

carried out by BNI. 

v- 

--- 

The radiation dose was calculated for a hypothetical maximally 
exposed individual to verify that the site is in compliance with the 

-' 
DOE radiation protection standard (100 mrem/yr) and to assess its 
potential effects on public health. Based on the conservative 

- ’ scenario described in this report, this hypothetical individual 
receives an annual external exposure approximately equivalent to 
1 percent of the DOE radiation protection standard. This exposure 
is less than a person receives during a round-trip flight from New 
York to Los Angeles (because of the greater amounts of cosmic 

The monitoring program at the MISS measures thoron and radon 
concentrations in air; external gamma radiation levels: and thorium, 
uranium, and radium concentrations in surface water, groundwater, 
and sediment. 
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radiation present at higher altitudes). Cumulative dose to the 
population within an 80-km (50-mi) radius of the MISS that results 
from radioactive materials present at the site is indistinguishable 
from the dose the same population receives from naturally occurring 
radioactive sources. 

Results of the 1988 monitoring show that the MISS is in compliance 
with the DOE radiation protection standard and with applicable 
permit requirements specified by the New Jersey Department of 
Environmental Protection Division groundwater permit No. NJ0054500. 
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This report presents the findings of the environmental monitoring 
program conducted at the U.S. Department of Energy's (DOE) Maywood 
Interim Storage Site (MISS) during calendar year 1988. 
Environmental monitoring began at the MISS in 1984. As part of the 
research and development decontamination program authorized by 
Congress under the 1984 Energy and Water Development Appropriations 
Act, Bechtel National, Inc. (BNI) is conducting remedial action at 
the site and at vicinity properties. The work is being performed as 
part of the DOE Formerly Utilized Sites Remedial Action Program 
(FUSRAP). 

1.1 LOCATION AND DESCRIPTION 

The MISS is located in the Borough of Maywood and the Township of 
Rochelle Park, in Bergen County, New Jersey, approximately 19.2 km 
(12 mi) north-northwest of downtown Manhattan (New York City) and 
20.8 km (13 mi) northeast of Newark, New Jersey (Figures l-l and 
l-2). Figure 1-3 is an aerial photograph of the site. The MISS is 
bounded by New Jersey Route 17 on the west, a railroad line on the 
northeast, and commercial/industrial areas on the south and east. 
The site occupies 4.7 ha (11.7 acres) of a 12-ha (30-acre) property 
owned by the Stepan Company (formerly Maywood Chemical Works). The 
MISS is fenced. The Stepan Company property is also enclosed by a 
fence and is currently used for chemical processing activities. 

Site activities are conducted in a manner designed to preclude the 
migration of contaminants from the MISS via groundwater or surface 
water. During construction, pollution control measures include the 
use of prudent engineering controls, such as installation of 
sedimentation barriers in excavation areas and treatment of 
impounded surface water prior to discharge, in accordance with New 
Jersey Department of Environmental Protection (NJDEP) requirements. 
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The MISS is located within the glaciated section of the Piedmont 
Plateau of north-central New Jersey (Ref. 1). The terrain is 
generally level with intermittent shallow ditches and slight mounds 
(Ref. 2). The MISS slopes gently toward the Saddle River, which is 
located west of the site (Figure l-2). It is underlain by 
sedimentary sandstone, mudstone, and siltstone of the Brunswick 
formation (Refs. 3 and 4). The bedrock lies close to the surface 
and is overlain by 1 to 4.5 m (3 to 15 ft) of weathered bedrock and 
unconsolidated glacial deposits of clay, silt, sand, and gravel. 
The depth of the glacial deposits varies considerably in the 
vicinity of the site. In addition, fill materials consisting 
primarily of soil and building rubble were placed on the site during 
its many years of industrial use (Ref. 3). 

The MISS is located within the Saddle River drainage basin 
(Figure l-2), approximately 0.8 km (0.5 mi) east of the Saddle River 
(a tributary of the Passaic River) and approximately 1.6 km (1 mi) 
west of the drainage divide lying between the Hackensack River and 
the Saddle River (Ref. 3). The MISS is poorly drained. Rainwater 
runoff from the MISS empties into the Saddle River via Westerley 
Brook. The brook flows under the site through a concrete storm 
drain, passes under New Jersey Route 17, and eventually empties into 
the Saddle River. Neither the Saddle River nor Westerley Brook is 
used as a source of drinking water (Ref. 5). 

The groundwater table is generally shallow, lying 2.1 to 3 m 
(7 to 10 ft) below the ground surface (Ref. 3). Groundwater in the 
Maywood area is available primarily from a bedrock aquifer and from 
unconsolidated surficial deposits; the former is generally 
considered to be the more significant groundwater resource. The 
wells that draw from the unconsolidated surficial deposits generally 
have low yields and are used for domestic purposes. However, some 
wells located in areas with thicker surficial deposits of stratified 
glacial drift have high yields and have been developed for 
industrial and public uses. 

5 
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The average frequency of precipitation in New Jersey is 120 days/yr; 
the mean annual precipitation is approximately 122 cm (48 in.), with 
an average annual snowfall of 74 cm (29.1 in.) As shown in 
Figure 1-4, Winds in the area blow predominantly from the southwest 
at a mean Speed of 16.3 km/h (lo.2 mph) (Refs. 6 and 7). 

The 1980 populations for MaywOod and Rochelle Park were 
approximately 9,900 and 5,600, respectively, a decline from 11,000 
and 6,400 in 1970. The 1970 and 1980 populations of Bergen County 
were approximately 898,000 and 845,000, respectively. The 
population of Bergen County is expected to increase over the next 20 
years (Ref. 1). 

Generalized land uses in the vicinity of the MISS are shown in 
Figure 1-5. The areas adjacent to the site are zoned primarily for 
limited commercial, light industrial, or single-family residential 
use. With the exception of one house located on the eastern border 
of the Stepan Company property, the areas to the east and south of 
the site are used for industrial and restricted commercial 
purposes. The New York, Susquehanna and Western Railroad runs along 
the northern border of the MISS. 

1.2 SITE HISTORY 

The MISS was established to provide an interim storage site for 
residual radioactive material found in the vicinity of the former 
Maywood Chemical Works. From 1916 through 1956, Maywood Chemical 
Works processed monazite sand (thorium ore) for use in manufacturing 
industrial products such as mantles for gas lanterns. During that 
time, slurry containing process wastes from the thorium operations 
was pumped to dikea areas west of the plant. Some of these process 
wastes were removed frdi'the Maywood Chemical Works and ased as 
mulch and fill on nearby properties, thereby contaminating them. 
Some of the material migrated off-site via natural drainage formerly 
provided by Lodi Brook. In 1932, New Jersey Route 17 was built 
through this disposal area (Figure l-2). 

6 
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In 1954, the Atomic Energy Commission (AEC) issued License R-103 to 
the Maywood Chemical Works, thereby allowing it to continue to 
possess, process, manufacture, and distribute radioactive materials 
under the auspices of the Atomic Energy Act of 1954 (Ref. 8). 
Maywood Chemical Works was sold to the Stepan Company in 1959. 

In 1961, the Stepan Company was issued an AEC radioactive materials 
license (STC-130) (Ref. 8). Based on AEC inspections and 
information related to the Ballod property on the west side of 
Route 17, the Stepan Company agreed to take remedial action. The 
cleanup was begun in 1963. In 1966, 6,392 m3 (8,360 yd3) of 
waste was removed from the area east of Route 17 and buried on-site 
at Burial Site No. 1, which is now overlain by grass. In 1967, 
1,570 m3 (2,053 yd3) of waste was removed from the same general 
area and buried on-site at Burial Site No. 2, which is now a parking 
lot. In 1968 the Stepan Company obtained permission from the AEC to 
transfer an additional 6,576 m3 (8,600 yd3) of waste from the 
south end of the Ballod property and bury it on-site at Burial 
Site No. 3, an area where a warehouse was later built (Ref. 8). 
Figure 1-6 shows the approximate locations of these burial sites. 
An area formerly occupied by thorium processing facilities is known 
to be contaminated (Ref. 3). 

At the request of the Stepan Company, a radiological survey of the 
south end of the Ballod property west of Route 17 was conducted by 
the AEC in 1968. Based on the findings of that survey, clearance 
was granted for release of the property (Ref. 8). At the time of 
the survey, the AEC was not aware that unexcavated waste materials 
were present in the northeast corner of the property. In 1968 this 
portion of the Stepan Company property was sold to a private 
citizen, who later sold it to the current owners, Ballod and 
Associates (Ref. 8). 

In 1980 the U.S. Nuclear Regulatory Commission (NRC) was notified 
that elevated readings were obtained on the Ballod and Associates 
property (Ref. 8). This information prompted the NRC to request a 

9 
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comprehensive survey to assess the radiological condition of the 
property. The survey was performed by Oak Ridge Associated 
Universities (ORAU) with the assistance ok a representative from the 
Region I office of the NRC in February 1981 (Ref. 2). 

The NRC also requested that an aerial radiological survey of the 
stepan Company site, the Ballod and Associates property, and the 
surrounding area be conducted. This survey, which was conducted by 
EGCG in January 1981, resulted in the discovery of other anomalies 
(readings distinctly higher than those of surrounding areas) 
(Ref. 9). Elevated gamma readings (greater than the local 
background level) were detected directly over the Stepan Company 
chemical plant, as well as immediately to the west and south of the 
plant. Two other points of elevated background gamma radiation were 
detected approximately 0.8 km (0.5 mi) from the center of the 
plant: one to the northeast and the other to the south. Followup 

--- 

ground surveys were performed to determine the nature of these 
anomalies. These surveys identified contaminated residential 
properties on Davison and Latham streets. 

__~- 

-.- 

In 1984, Oak Ridge National Laboratory (ORNL) surveyed the Lodi area 
with a mobile van (Ref. 10). Eight residential properties were 
found to be contaminated with thorium-232; additional properties 
were found to be contaminated with radium-226 and uranium. The 
presence of radium-226 and uranium appears to be associated with the 
presence of natural uranium ore. 

In 1984, DOE negotiated an agreement with the Stepan Company for 
access to a 4.7-ha (11.7-acre) portion of the Stepan Company 
property on which to establish the MISS, pending execution of an 
agreement to transfer ownership of the site to DOE. Development of 
the storage site commenced, and contaminated materials removed from 
17 vicinity properties in Maywood and Rochelle Park were brought to 
the site in 1984. In 1985, remedial action was conducted at eight 
residential properties in the Borough of Lodi and at the Ballod 
property in Rochelle Park, In September 1985, ownership of the MISS 
property was transferred to DOE. 

11 
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Radiological characterization surveys were conducted in 1986 on the 
Sears property and adjoining commercial properties southeast of the 
MISS; on the New York, Susquehanna and Western Railroad property 
adjoining the northern boundary of the MISS: on a portion of 
Route 17; and on the north Ballod property. Radiological surveys of 
the following Lodi properties were also conducted in 1986: 
1 commercial, 1 state-owned, 26 residential, and 1 municipal. 

Remedial action is planned for certain of these properties. 

In 1987, several radiological surveys were conducted at residential, 
commercial, and municipal properties in Lodi. In addition, in late 

1987, a layer of clean fill material was placed along the MISS 
boundary to reduce elevated levels of radon and external gamma 
radiation resulting from disturbance of the soil cover during the 
1986 characterization activities. Also in 1987, several groundwater 

monitoring wells were installed on the Stepan property and adjacent 
properties to monitor the shallow groundwater system and deep 
aquifer. These wells, along with those added in the summer of 1988 
on the MISS, the railroad, and Grove Street properties, are used to 

provide data on groundwater flow and quality. Data from the 1988 
wells will be presented in the 1989 monitoring report. 

There are no continuing commercial or industrial activities at the 
MISS; therefore, no radioactive effluents exist at the site. 

1.3 HYDROGEOLOGICAL CHARACTERISTICS OF THE SITE 

This section presents data on the hydrogeology at the MISS. The 

data and interpretations are based on groundwater levels measured in 
calendar year 1988. Groundwater monitoring wells (Figure l-7) were 
installed at the MISS site in late 1984 through early 1985 
(Ref. 11). Additional monitoring wells were installed during 1987 
and 1988 in the properties surrounding the MISS (Ref. 12). A 
summary of construction information for wells sampled for this 
report is shown in Table l-l. An example of construction details 
from Ref. 11 is included as Appendix E. 

12 
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TABLE l-l 
MISS SHALLOW AND DEEP MONITORING WELL CONSTRUCTION SUMMARY 

Well Completion 
Numbera Date 

Total 
Depth 

h (ft)l 

Monitored Interval 
Below Ground 

[m-m (ft-ft)l 
Construction 

Material 

KSS-1A 
UISS-1B 

HISS-2A 
MISS-2B 

UISS-3A 
HISS-3B 

HISS-4A 
HISS-4B 

HISS-SA 
HISS-SAl 
HISS-5B 

HISS-6A 
HISS-6B 

HISS-?A 
HISS-7B 

B38WV4Bd 

Nov. 1984 
Nov. 1984 

Oct. 1984 
Nov. 1984 

Oct. 1984 
Nov. 1984 

Oct. 1984 
Nov. 1984 

Nov. 1984 
Nov. 1984 
Nov. 1984 

Oct. 1984 
Nov. 1984 

Nov. 1984 
Nov. 1984 

Sept. 1987 

3.7 (12.0) 
16.3 (53.5) 

6.1 (20.0) 
17.8 (58.5) 

4.6 (15.0) 
15.2 (50.0) 

3.0 (10.0) 
14.3 (47.0) 

4.6 (15.0) 
2.4 (8.0) 

16.8 (55.0) 

4.9 (16.0) 
16.2 (53.0) 

3.5 (11.5) 
14.9 (49.0) 

11.1 (36.3) 

1.2-3.5 (4.0-11.4) 
7.0-16.3 (23.V-53.5);c 

Open hole 

1.5-5.7 (5.0-18.9) 
8.7-17.8 (28.5-58.5);c 

Open hole 

1.5-3.9 (5.0-12.7) 
6.1-15.2 (20.0-50.0);c 

Open hole 

1.1-2.9 (3.8-9.7) 
5.2-14.3 (17.0-47.0);c 

Open hole 

3.0-4.5 (10.0-14.6) 
0.8-2.4 (2.5-8.0) 
7.6-16.8 (25.0-55.0);c 

Open hole 

1.5-4.6 (5.0-15.2) 
7.0-16.2 (23.0-53.0);c 

Open hole 

0.8-2.9 (2.5-9.6) 
5.8-14.9 (19.0-49.0);c 

Open hole 

4.0-8.4 (13.2-27.7) 

pvcb 
Steel 

PVC 
Steel 

PVC 
Steel 

PVC 
Steel 

PVC 
PVC 

Steel 

PVC 
Steel 

PVC 
Steel 

Stainless 
Steel 

aShallow wells are designed with an "A"; deep wells are designated with 
a "B". 

bpvc - polyvinyl chloride. 

cCarbon steel casing extends through overburden and 2 ft into bedrock; 
monitored interval is an 8-cm- (3.0-in.-) diameter open hole in bedrock. 

dLocated at Stepan Company, approximately 61 m (200 ft) east of UISS 
wells 3A and 3B. 
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T h e  tw o  g r o u n d w a ter  systems  m o n ito red  a re  des igna te d  "sha l low"  a n d  
"bedrock"  (Re f. 11 ) . M o n ito r ing  w e lls insta l led  in  th e  sha l low 
system are  re fe r red  to  as  "A "  w e lls, a n d  th o s e  in  th e  bedrock  system  
a re  re fe r red  to  as  "B "  w e lls. Fur the r  backg round  in fo r m a tio n  o n  
site  geo logy , hyd rogeo logy , a n d  w e ll insta l la tio n  m e th o d s  can  b e  
fo u n d  in  R e fs. 1 1  a n d  1 2 . 

G r o u n d w a ter  levels  a t th e  M IS S  site  w e r e  m e a s u r e d  w ith  a n  e lec tric 
d o w n h o le  p r o b e  w a ter  leve  1  ind ica tor . In  1 9 8 8 , w a ter  leve l  
m e a s u r e m e n ts a t a l l  o f th e  w e lls w e r e  ta k e n  week ly . 

1 .3 .1  S h a l low G r o u n d w a ter  S yste m  

T h e  p o te n tio m e tric sur face  o f th e  sha l low g r o u n d w a ter  system  is 
app rox ima te ly  1 .2  to  3 .7  m  (4  to  1 2  ft) b e l o w  g r o u n d  sur face . 
( P o te n tio m e tric sur face  is d e fin e d  as  th e  leve l  to  w h ich w a ter  w ill 
r ise in  tig h tly cased  w e lls. D e l inea tio n  o f th e  p o te n tio m e tric 
sur face  o f a n  aqu i fe r  ind ica tes  g r o u n d w a ter  s lope  a n d  flo w  
d i rec tio n .) W e lls in  th is  z o n e  a re  sc reened  in  unconso l i da te d  
m a ter ia ls  a t d e p ths  o f 0 .9  to  5 .2  m  (3  to  1 7  ft). G r o u n d w a ter  leve l  
m e a s u r e m e n ts ta k e n  in  1 9 8 8  fo r  e a c h  w e ll a re  s h o w n  as  hyd rog raphs  
(F igures  l -8 a n d  1-9) . N o  hyd rog raph  is g i ven  fo r  W e ll 1 A  because  
it was  dry  th r o u g h o u t 1 9 8 8 . 

P recip i tat ion records  w e r e  n o t ava i lab le  fo r  th e  M IS S  site , b u t th e  
records  o f prec ip i ta tio n  co l lecte d  a t th e  M idd lesex  S a m p l ing P lan t 
( M S P '), w h ich is loca te d  app rox ima te ly  4 8 .3  km  (30  m i) sou th w e s t, 
a re  p resen te d  w ith  th e  hyd rog raphs  in  F igures  l -8 a n d  l-9. 

T h e  hyd rog raphs  fo r  th e  sha l low g r o u n d w a ter  system  s h o w  seasona l  
fluc tu a tions  in  g r o u n d w a ter  levels  fro m  w e ll to  w e ll. Du r ing  th e  
w in ter  m o n ths , g r o u n d w a ter  levels  c h a n g e  s lowly  or  n o t a t al l: they  
d id  n o t s e e m  to  reac t to  th e  prec ip i ta tio n  excep t in  March . Th is  
behav io r  m a y  h a v e  b e e n  because  th e  g r o u n d  was  fro z e n  or  
prec ip i ta tio n  was  in  th e  fo r m  o f s n o w , w ith  a  br ie f th a w  in  March . 
F rom  la te  M a y  th r o u g h  D e c e m b e r , th e  w a ter  levels  genera l l y  reac te d  
to  heavy  prec ip i ta tio n  by  r is ing a n d  th e n  fa l l ing  over  a  pe r iod  o f 3  

1 5  
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to 4 weeks. When the wells did not show reaction to precipitation, 
it may have been because the precipitation at MSP differed from that 
at the MISS. 

The correlation of water level patterns between the wells is fair. 
The behavior of water levels in Wells 2A and 5A is least like. those 
of the other shallow wells. The variations of water level trends 
for the wells may be clue to variations in the hydraulic conductivity 
of the screened intervals. 

The slope and flow direction of the shallow groundwater system were 
determined using shallow well potentiometric surface maps. Two of 
these maps (Figures l-10 and l-11), one prepared using March data 
and the other prepared using August data, show the minimal seasonal 
variation in the shallow groundwater system. The general flow 
direction is from east to west for both dates. The contours suggest 
that the potentiometric surface is approximately parallel to the 
regional surface topography (Ref. 12, p. 32). The slope for both 
potentiometric surfaces is similar (0.01). 

1.3.2 Bedrock Groundwater System 

The potentiometric surface of the bedrock groundwater system is from 
2.1 to 5.2 m (7 to 17 ft) below the ground surface. The bedrock 
wells are open holes (no screen or filter pack), below a steel 
surface casing set through the overburden, emplaced with a cement 
grout seal in the top of the Brunswick formation and have depths of 
5.2 to 18 m (17 to 59 ft). 

Hydrographs of the bedrock groundwater system (Figures 1-12 and 
1-13) show a seasonal variation similar to that of the shallow 
groundwater system, but there is better correlation of water levels 
from well to well. Precipitation records for the MSP site are also 
shown with the hydrographs in Figures 1-12 and l-13. 

- 

Like those of the shallow.groundwater system, the bedrock 
groundwater system water levels show little fluctuation through the 
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FIGURE I-10 POTENTIOMETRIC SURFACE MAP FOR MISS 
SHALLOW GROUNDWATER SYSTEM (3/g/88) 
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FIGURE 1-l 1 POTENTIOMETRIC SURFACE MAP FOR MISS 
SHALLOW GROUNDWATER SYSTEM (8/31/88) 

20 



I 

_ _ __ _ _ __ _ _ _- i - -- - - -- - - -- - - -- - - -- - - -- - - .- - - .- - - 

I I I I I I I I II I II I I *I II I 

60 K” x! 

-I I 
I I I , I\ I , 

I \  I \  

36 36 

JAN JAN FEB FEB MAR MAR APR APR MAY MAY JUN JUN JUL JUL AUG AUG SEP SEP OCT OCT NOV NOV DEC DEC 
LEGEND: 0 MISS-16 TIME, months 

X MISS-26 
0 MISS-36 YEAR 1966 
X MISS-46 

FIGURE 1-12 HYDROGRAPHS OF MISS BEDROCK 
WELLS IB, 2B, 3B, AND 48 



- ; ~. 

L L.. 

‘:- -. 

- . Lo 

- .-_ 

-. .-- 

.- 

- 

- ~ - - - - - - - - - 

- - - - - - - - - - - - - 



\ - 

- 

- 

-. 

- 

winter months when the ground is presumably frozen. Some response 
of the water levels to precipitation events can be seen after late 
May. Well 4B displayed a rapid rise in water level during the 
presumed late March thaw. The effect of this change in water level 
becomes evident in comparing the difference in slope and flow 
direction on the potentiometric surface maps for dates before and 
after the event (Figures l-14 and 1-15). 

The slopes and flow directions for the bedrock groundwater system. 
were determined from potentiometric surface maps (Figures 1-14 and 
l-15), which show little or no seasonal variation in the slopes and 
flow directions. Both maps show the groundwater flow direction from 
Well 2B to the west and to the south, with a slope of approximately 
0.01. Figure l-14 shows the effect of the low winter water levels 
in Well 4B. The resulting slope of 0.03 between 4B and 3B for that 
date does not change the general flow direction trend. 

1.3.3 Discussion 

The shallow and bedrock groundwater systems at the MISS site appear 
to have consistent slopes and flow directions throughout the year. 

Potentiometric surface elevations, slopes, and flow directions for 
the two groundwater systems vary only slightly. Sufficient head 
differences exist between the shallow and bedrock well pairs to 
continue to monitor and describe the groundwater occurrence at the 
MISS site as two groundwater systems. 

1.3.4 Conclusions 

o The potentiometric surface of the shallow groundwater system 
is consistently 0.9 to 5.2 m (3 to 17 ft) below ground 
surface, depending upon location on the site. Groundwater 
flows from east to west with a slope of 0.01. 

0 The potentiometric surface of the bedrock groundwater system 
is consistently 2.1 to 5.2 m (7 to 17 ft) below ground 
surface, depending upon location on the site. Groundwater 
flow is away from the Well-2B area to the west and south with 
a slope of 0.01. 
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0 Based on potentiometric surface elevation differences between 
wells in pairs and gradient direction differences between the 
two systems, the MISS bedrock groundwater system is 
apparently separated from the shallow system. 
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2.0 SUMMARY OF MONITORING RESULTS 

- The environmental monitoring program at the MISS, which began in 

I iL 

-- 

1 . . . 

1984, was continued during 1988. The program includes sampling and 
analysis of air, water, and sediments and measurement of external 
gamma radiation levels to verify compliance with the DOE radiation 
protection standard of 100 mrem/yr (Ref. 13). The potential 
radiation dose that might be received by the maximally exposed 
individual was calculated to determine the degree of compliance with 
the radiation protection standard. 

*- Annual average concentrations of radon (including background) ranged 
from 4 x 10-l' to 7.4 x 10 -' jKi/ml (0.4 to 7.4 pCi/l) 

_-. (Table 3-l). The average background radon concentration for the 
MISS was 3 x 10 -1' pCi/ml (0.3 pCi/l). Thoron concentrations 

i i- (including background) ranged from 1 x 10-l' pCi/ml (0.1 pCi/l) 
to 6.4 x 10 -' vCi/ml (6.4 pCi/l) (Table 3-l). The average 
background thoron concentration for the MISS was less than the .- 
minimum detectable limit. A detailed discussion Of 1988 radon and 
thoron concentrations is provided in Subsection 3.1. 

’ Radon and thoron concentrations at the MISS generally decreased from 
1 

i 

i 
i i-- 

1984 to 1985 and increased again in'1987. Concentrations of both 
radionuclides decreased slightly in 1988, but the decrease is not 
statistically significant (see Subsection 3.6.1) (Refs. 14-17). 
The 1987 rise in radon and thoron levels coincided with a drought in 
the northeastern United States and is thought to result from these 
dry conditions. A similar rise occurred at background monitoring 
stations in 1987. Since the dry conditions moderated in 1988, a 
minor decrease in radon and thoron levels occurred during that year. 

I \ 

Annual average external gamma radiation levels measured at the MISS 
ranged from 16 to 317 mR/yr above background (Table 3-2). The 
maximum was measured in an area of known contamination with no 
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significant occupancy factor (Ref. 3). These rates may be compared 
with the external gamma radiation levels from natural radiation in 
the vicinity of the MISS, which averaged 70 mR/yr. External 
radiation levels are discussed in Subsection 3.2. Average external 
gamma radiation levels decreased sharply from 1984 to 1988 (see 
Subsection 3.6.2) (Refs. 14 and 15). 

In surface waters (Subsection 3.3-l), measured concentrations of 
uranium in 1988 were equal to or slightly higher than concentrations 

-L.. 
measured upstream of the site. Concentrations of radium-226 and 
thorium-232 were equal to or slightly below those measured at the 

i- upstream location. Concentrations of uranium, thorium-232, and 
radium-226 remained stable from 1984 through 1988. 

In groundwater at the MISS (Subsection 3.3.2), the highest annual 
average concentration of uranium in 1988 was 8.4 x 10 -9 pCi/ml 
(8.4 pCi/l). The highest annual average concentration of 
thorium-232 was 1.6 x 10 -’ @ i/ml (1.6 pCi/l); for radium-226 it 
was 2.8 x lo-’ pCi/ml (2.8 pCi/l). Concentrations of 
radionuclides in surface water and groundwater may be compared with 
the levels of radioactivity in the commonly consumed liquids listed 
in Appendix D. 

Concentrations of uranium, radium-226, and thorium-232 in 
groundwater have remained essentially unchanged since groundwater 
monitoring began in 1985 (see Subsection 3.6.4) (Ref. 15). 

The highest annual average concentrations of total uranium, 
radium-226, and thorium-232 in sediments (Subsection 3.4) were 

-- 1.6 pCi/g, 0.5 pCi/g, and 0.4 pCi/g, respectively. Average 
concentrations of these radionuclides at the MISS may be compared 

._- with the levels of radioactivity in phosphate fertilizers listed in 
Appendix D. 

i 
Calculations were made of the radiological dose received by a 
hypothetical maximally exposed individual (Subsection 3.5.1). This 
hypothetical individual is one who is assumed to be adjacent to the 

28 



! 

i 

- 

-- 

i- 

- 

L- 

site and who, when all potential routes of exposure are considered, 
receives the greatest dose. Exposure to external gamma radiation 
was the exposure pathway quantified because it is the only feasibly 
signif icant pathway. The maximum exposure this individual would 
receive is approximately 1 mR/yr above background. Because 1 mR is 
approximately equivalent to 1 mrem, this exposure is approximately 
equivalent to 1 percent of the DOE radiation protection standard. 

The cumulative dose to the population within an 80-km (50-mi) radius 
of the MISS that results from radioactive materials present at the 
site is indistinguishable from the dose that the same population 
receives from naturally occurring radioactive sources. 

Analytical results for chemical sampling are summarized in 
Section 4.1. 

i 

i 

Results of the 1988 monitoring show that the MISS is in compliance 
with the DOE radiation protection standard. 
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3.0 DATA COLLECTION, ANALYSIS, AND EVALUATION 

- 

1 . 
LA 

This section provides the results of 1988 environmental monitoring 
at the MISS (Ref. 18) and includes descriptions of the sampling, 
monitoring, and analytical procedures. Calculations were made to 
determine the estimated maximum possible radiation dose based on 
environmental conditions, measurements recorded, and evaluation of 
potential exposure pathways. 

Data are presented in summary tables by sample category. Summaries 
of data include minimum and maximum values recorded, number of data 
points collected, and average annual values. The average value for 
a given sampling location is the average of individual results for 
that sampling location. Individual sources of error (e.g., 
analytical error, sampling error) were not estimated. The “less 
t ban” (<) notation is used to denote sample analysis results that 
are below the limit of sensitivity of the analytical method, based 
on a statistical analysis of parameters. In computing the averages, 
where no more than one value is less than the limit of sensitivity 
of the analytical method, that value is considered to be equal to 
the limit of sensitivity, and the average value is reported without 
the “less than” notation. 

During 1988, the routine environmental monitoring program for the 
MISS included measurement of radon and thoron concentrations and of 
external gamma radiation levels, sampling of surface water and 
sediments, and sampling of groundwater monitoring wells on the site. 

Tables 3-9 through 3-12 show trends in radon and thoron 
concentrations, external gamma radiation levels, and radionuclide 
concentrations in surface water and groundwater at the MISS. These 

tables list annual averages for each monitoring location for 1984 
through 1988 to allow for comparisons of data and identification of 
trends in monitoring results (see Subsection 3.6). 

i 
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3.1 RADON MONITORING 

:-- 

IL- 

Two forms of radon are present at the MISS. The more common form, 
radon-222, is part of the natural uranium decay chain. The other 
form, radon-220, is part of the natural thorium decay chain. To 
distinguish between these two forms of radon, the term thoron (the 
common name for radon-220) will be used in this report. 

Radon detectors are maintained on-site near the storage pile and at 
approximately equal intervals along the site perimeter. One of the 
detectors is designated for quality control. The locations of the 
radon monitors are shown in Figure 3-l. 

Radon and thoron concentrations are determined using monitors 
purchased from the Terradex Corporation. These devices (Terradex 
Type F and Type M Track-Etch) consist of an alpha-sensitive film 
contained in a small plastic cup covered by a membrane through which 
radon and/or thoron can diffuse. Radon and/or thoron will diffuse 
through the membrane (in or out of the cup) when a concentration 
gradient exists; therefore, they will equilibrate with radon and/or 
thoron in the outside air. Alpha particles from the radioactive 
decay of radon and/or thoron and their daughters in the cup create 
tiny tracks when they collide with the film. When returned to 
Terradex for processing, the films are placed in a caustic etching 
solution to enlarge the tracks. Under strong magnification, the 
tracks can be counted. The number of tracks per unit area (i.e., 
tracks/mm2) is related through calibration to the concentration of 
thoron and/or radon in air. Fresh Track-Etch monitors are obtained 
from Terradex each quarter. Site personnel place these units in 
each sampling location and return the exposed monitors to Terradex 
for analysis. ._I 

Table 3-l lists thoron and radon concentrations (including 
background) recorded at the MISS in 1988. Annual average 
concentrations of thoron ranged from 1 x 10 -10 pCi/ml 
(0.1 pCi/l) to 6.4 x lo-‘.pCi/ml (6.4 pCi/l). The average background 
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FIGURE 3-l RADON AND EXTERNAL GAMMA RADIATION MONITORING 
LOCATIONS AT THE MISS 
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TABLE 3-l 
CONCENTRATIONS OF THORON AND RADON AT THE MISS, 1988 

Pase 1 of 2 
Sampling 
Locationa 

Number of Concentration (lo-9 IrCi/mljb*c 
Measurements Minimum Maximum Average 

Thoron (Rn-220) 
1c 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Back roundg --+F- 
Radon (Rn-2221 

1 
2 
3 
4 
5 
6e 
7 
8 
9 

10 
11 
12 
13f 

Back roundg w 

3d 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 <MDL <MDL <MDL 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 

<MDLe 0.6 0.4 
0.1 0.7 0.5 

CMDL 0.4 0.2 
<MDL 5.1 1.4 

0.5 11.2 6.4 
<MDL 2.6 1.0 
<MDL 0.9 0.3 
<MDL 0.5 0.1 
<MDL 0.6 0.2 

0.1 0.9 0.5 
0.2 0.5 0.4 

<MDL 1.6 0.6 
<MDL 0.2 0.1 

0.3 
0.5 
0.3 
0.3 
1.0 
0.5 
0.3 
0.1 
0.3 
0.4 
0.5 
0.3 
0.3 

0.2 

1.1 
1.2 
0.9 
5.4 

14.1 
3.4 
1.3 
0.9 
0.9 
1.3 
1.1 

0':: 

0.3 

0.6 
0.9 
0.6 
1.9 
7.4 
1.4 
0.8 
0.4 
0.5 
1.0 
0.8 
1.1 
0.4 

0.3 

asampling locations are shown in Figure 3-1. 

bl x 10-9 pCi/ml is equivalent to 1 pCi/l. 

CA11 results include background. 

dDetector was damaged. 
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TABLE 3-l 
(continued) 

‘_ 

.- 

eNo detectable thoron (radon-220), or less than minimum 
detectable limit (MDL). 

f Location 13 is a quality control for Location 1. 

'Additional background locations were established in January 1989 
at the Rochelle Park Post Office and the Rochelle Park Fire 
Station, both of which are approximately 0.8 km (0.5 mi) south of 
the MISS. Data from these locations will be presented in the 1989 
environmental report. 

hLocated at the Department of Health, Paterson, NJ, approximately 
22 km (14 mi) west of the MISS. 

i 
-_ 
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concentration, as measured at Location 14 (the Department of Health 
in Paterson, New Jersey), was less than the minimum detectable limit. 

L 

-. 

‘- 

Annual average concentrations of radon-222 ranged from 3.0 x 10-l' 
to 7.4 x 10 -' rCi/ml (0.3 pCi/l to 7.4 pCi/l). The 1988 average 
background radon concentration, as measured at Location 14, was 
3.0 x lo-lo pCi/ml (0.3 pCi/l). 

In January 1989, additional background locations for radon and 
thoron were established at the Rochelle Park Fire Station and the 
Rochelle Park Post Office. Data from these locations will be 
presented in the 1989 environmental report. 

For a comparison of radon and thoron concentrations measured at the 
MISS from 1984-1988, see Subsection 3.6.1. 

.- 

3.2 EXTERNAL GAMMA RADIATION LEVELS 

-. 

External gamma radiation levels were measured at 12 monitoring 
locations. Ten of the locations are spaced at approximately equal 
intervals on the site boundary, and the other two are on the 
perimeter of the on-site storage pile. All locations correspond to 
the radon detector locations shown in Figure 3-1. Sampling 
locations were selected to monitor radiation levels at the site 
boundary and in the area adjacent to the contaminated storage pile. 

External gamma radiation levels are measured using lithium fluoride 
(LiF) thermoluminescent dosimeters (TLDs). Beginning in 1988, the 
system of measurement utilizes tissue-equivalent dosimeters to 
provide values that are more realistic in terms of radiation dose to 
the tissues of the body at a depth of 1 cm. This dosimetry system 
offers advantages in accuracy and sensitivity that were not 
available with the system used previously. 

Each dosimetry station contains a minimum of four dosimeters, which 
are exchanged after one year of accumulated exposure. For example, 
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a dosimeter placed in the station in October 1987 would be removed 
in October 1988. Each dosimeter contains five individual LiF chips 
(each group of which was preselected on the basis of having a 
reproducibility of +3 percent across a series of laboratory 
exposures), the responses of which are averaged. Analysis is 

performed by Therm0 Analytical/Eberline (TMZUE). The average. value 
is then corrected for the shielding effect of the shelter housing 
(approximately 8 percent) and for the effect of fade. 

1 i- 

Fade is the loss of dose information brought about by environmental 
effects, primarily high summer temperatures. Fade is determined by 

collocating dosimeters that have been exposed to a known level of 
radiation (called a spike) before they are placed at a minimum of 
two stat ions, generally on the eastern and western boundaries of a 
site. The fade factor can be determined by subtracting the station 
radiation value from the fade control dosimeter followed by dividing 
by the known spike level. The corrected value is then converted to 
milliroentgen per year by dividing by the number of days of exposure 
and subsequently multiplying by 365 days. 

/- 

L_ 

I 
I- 

1 

Some differences in external gamma radiation values may be noted in 
the 1988 data in comparison with the 1987 values. The current 
measurement system is more sensitive to low radiation levels and 
more accurate in its resolution than the system used previously. 
Therefore, some stations that previously demonstrated no measurable 
external gamma radiation value in excess of background now exhibit a 
small measurable value. Similarly, at some other stations values 
are higher or lower because of the improved method of measurement, 
not because of deterioration of site conditions or remedial action. 

I 
. _ 

Monitoring results for external gamma radiation are presented in 
Table 3-2. The average background radiation level for the MISS area 
(78 mR/yr) has been subtracted from the radiation levels in 
Table 3-2 to provide an estimate of the effect of the site on 
measured radiation levels at the site boundary. Of the seven 

locations (on the northern and western boundaries of the site) to 
which members of the public might have access, but which have no 
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-. TABLE 3-2 
EXTERNAL GAMMA RADIATION LEVELS AT THE MISS, 1988 

- 

Sampling Number of Radiation Level (mR/vr)b 
Locationa Measurements Minimum Maximum Average 

-. 

-. 

-- 

Boundary 
3 
4 
5 
6 
7 
8 
9 
10e 
11 
12 

4 
4 
4 

9 36 21 
61 138 109 

142 238 186 
69 106 85 

8 27 16 
13 64 30 
17 49 32 

245 398 317 
47 77 59 
84 118 106 

-. 

..- 

On-Site 
1 
2 
13f 

4 30 48 40 
4 40 69 52 
4 28 48 39 

Back roundg -Y%- 66 

asampling locations are shown in Figure 3-1. 

bMeasured background radiation has been subtracted from 
external gamma radiation levels measured at the site 
boundary and at on-site locations. 

CMeasurement was less than or equal to the measured 
background value. 

aDetector was removed in error during the first quarter. 

eLocation 10 is in an area of known contamination (Ref. 3). 

fLocation 13 is a quality control for Location 1. 

gAdditiona1 background locations were established in April 
1988 at the Rochelle Park Post Office and the Rochelle Park 
Fire Station, both of which are approximately 0.8 km (0.5 mi) 
south of the MISS. No data are presented for this year 
because the TLDs have not yet been in place for 1 year; data 
will be presented in the 1989 environmental report. 

hstation 14 is located at the Department of Health, 
Paterson, NJ, approximately 22 km (14 mi) west of the MISS. 
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- 
significant occupancy factor, the highest average external gamma 
radiation level was recorded at Location 10 (near State Route 17), 
an area known to be contaminated before DOE acquired the property 
(Ref. 3). 

- 
In April 1988, additional background locations were established at 
the Rochelle Park Fire Station and the Rochelle Park Post Office. 
Because of the measurement system operating parameters, the six 
months of exposure time on the TLDs is not representative of the 
yearly fluctuations in the background. These fluctuations occur 
because of seasonal weather variations. These locations will be 
fully reported in the 1989 environmental report. 

The background external gamma radiation value for a given location 
is not a static constant. Because the background value is a 
combination of both natural terrestrial sources and cosmic radiation 
sources, factors such as the location of the detector in relation to 
surface rock outcrops, stone or concrete structures, or highly 
mineralized soil can affect the value measured. Independent of the 
placement of the detector at the Earth’s surface are the factors of 
site altitude, annual barometric pressure cycles, and the occurrence 
and frequency of solar flare activity (Ref. 19). 

Because of these factors, the background radiation level is not 
constant from one location to another even over a short time. Thus 
it is not abnormal for some stations at the boundary of a site to 
have an external gamma radiation value less than the background 
level measured some distance from the site. 

c.  For comparisons of external gamma radiation levels measured from 

1984 through 1988, see Subsection 3.6.2. 

3.3 WATER SAMPLING 

During 1988, quarterly sampling was performed to determine the 
I concentrations of total uranium, thorium-232, and radium-226 in ,- 

surface water and groundwater at both on-site and off-site 
I 
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locations. Surface water sampling locations are shown in 
Figure 3-2, and groundwater sampling locations are shown in 
Figure 1-7. 

3.3.1 Surface Water 

Surface water sampling locations were established on the Saddle - 
River (Location 1) and on Westerley Brook (Locations 2, 3, and 4). 
Location 4 was formerly accessible by way of a manhole that is now - 
welded shut and is therefore no longer accessible. Locations 5 and 
6 were established on the Ballod property west of the MISS. 

-_ 

Because no standing water was present at Locations 5 and 6 during 
- 1988 quarterly sampling, no surface water samples could be obtained 

from these locations. Surface water collection locations were 
-- selected based on migration potential and discharge routes from the 

site. Because surface water runoff from the site discharges via 
underground Westerley Brook, samples were collected both upstream i 
(Location 3) and downstream (Locations 1 and 2) of the site. 

Nominal l-liter (0.26~gal) grab samples were collected to fill a 
4-liter (l-gal) container. The samples were analyzed by TMA/E for 
total uranium, thorium-232, and dissolved radium-226. The 
concentration of total uranium was determined by a fluorometric 

I method. Radium-226 concentrations in water were determined by radon L_ 
emanation. (This method consists of precipitating radium as a 

! sulfate and transferring the treated sulfate to a radon bubbler, .- 
where radon-222 is allowed to come to equilibrium with its 

The radon-222 gas is then withdrawn into a radium-226 parent. 
scintillation cell and counted by the gross alpha technique. The 

I-" 
quantity of radon-222 detected in this manner is directly 
proportional to the quantity of radium-226 originally present in the 
sample.) Thorium-232 was eluted in solution, electrodeposited on 

I stainless steel discs, and counted by alpha spectrometry. 
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NEW SITE BOUNDARY AS 
OF SEPTEMBER 1985 

d SURFACE WATER AND SEDIMENT 0 so 100 200 
SAMPLING LOCATION 
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SCALE APPROXIMATE 

FIGURE 3-2 SURFACE WATER AND SEDIMENT SAMPLING 
LOCATIONS IN THE VICINITY OF THE MISS 
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Analysis results are presented in Table 3-3. The annual average 
concentrations of total uranium in surface water ranged from 
3 x 10 -g to 4.3 x 1o-g pCi/ml (3.0 to 4.3.pCi/l). The annual 
average concentrations of radium-226 in surface water ranged from 
3 x lo-lo to 4 x lo-lo $i/ml (0.3 to 0.4 pCi/l). Annual 
average thorium-232 concentrations in all cases were less than or 
equal to the limit of sensitivity of the analytical method, which 
is 1 x 10 -lo pCi/ml (0.1 pCi/l). Thorium-232 concentrations 
were the same upstream and downstream. These values may be 

compared with the levels of radioactivity in the commonly consumed 
liquids listed in Appendix D to this report. 

- 

For a comparison of radionuclide concentrations measured in 
surface water from 1984 through 1988, see Subsection 3.6.3. 

3.3.2 Groundwater _- 

During 1988, groundwater samples were collected quarterly from 15 - 

-_ 

__ 

_- 

on-site wells at 7 locations (see Figure l-7). Monitoring wells 

designated “A” are shallow [approximately 0.9 to 5.2 m (3 to 
17 ft) below ground]; *B* wells extend into the Brunswick 

formation bedrock aquifer [approximately 5.2 to 18 m (17 to 59 ft) 
below ground]. Groundwater flows from the northeast to the 
southwest in both the overburden and the bedrock aquifer; 
therefore, Wells 2A and 2B represent groundwater quality 
upgradient of the contaminated waste pile. All other wells are 
downgradient monitoritig locations. Well locations were selected 

on the basis of available geohydrological data. 

L After the wells had been pumped dry and allowed to recover or 
three casing volumes had been removed, grab samples were collected 

!~- and analyzed by TMA/E for total uranium, thorium-232, and 
radium-226 by the same methods described in Subsection 3.3.1. 
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TABLE 3-3 
CONCENTRATIONS OF TOTAL URANIUM, RADIUM-226, 

AND THORIUM-232 IN SURFACE WATER AT THE MISS, 1988 

- 

-- 

- 

.- 

- 

Sampling Number of Concentration (1O-g uCi/mlIbtc 
Locat iona Samples Minimum Maximum Averaged 

Total Uranium 
1 4 <3.0 5.3 3.0 
2 4 3.0 6.0 4.3 
3 4 <3-o 5.3 3.8 

Radium-226 
1 
2 
3 

4 0.1 0.6 0.4 
4 0.1 0.6 0.3 
4 0.1 0.7 0.3 

Thorium-232 
_ 1 

2 
3 

4 <O.l <O.l co.1 
4 <O.l <O.l <O.l 
4 <O.l 0.1 0.1 

asampling locations are shown in Figure 3-2. Location 3 is 
upstream of the MISS and represents background. No water was 
available at sampling Locations 5 and 6. Location 4 is no 
longer accessible. 

bAl1 results include background. 

cl x 10-9 pCi/ml is equivalent to 1 pCi/l. 

dwhere no more than one value is less than the limit of 
sensitivity of the analytical method, values are considered 
equal to the limit of sensitivity, and the average value is 
reported without the notation "less than." 

- 
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Analysis results are presented in Tables 3-4, 3-5, and 3-6. Annual 
average total uranium concentrations ranged from 7 x 10 -lo to 
8.4 x 1o-g pCi/ml (0.7 to 8.4 pCi/l). Average thorium-232 
concentrations ranged from <2 x 10 -10 to 1.6 x 10 -9 pCi/ml 
(co.2 to 1.6 pCi/l). Average radium-226 concentrations ranged from 
7 x lo-lo to 2.8 x 10 -' rCi/ml (0.7 to 2.8 pCi/l). These 
concentrations may be compared with the levels of radioactivity in 
the commonly consumed liquids listed in Appendix D. For a 
comparison of radionuclide concentrations measured in groundwater at 
the MISS from 1985 through 1988, see Subsection 3.6.4. 

3.4 SEDIMENT SAMPLING 

Sediment samples that consisted of composites weighing approximately 
500 g (1.1 lb) were obtained at surface water sampling locations 
where sediment was present (see Figure 3-2). The rationale for -_ 
selection of the individual sampling locations is given in 
Subsection 3.3.1. Samples were analyzed by TMA/E for isotopic 
uranium, radium-226, and thorium-232. The concentrations of 
isotopic uranium and thorium-232 were determined by alpha 
spectrometry after the uranium and thorium-232 had been leached, 
extracted, and electroplated on metal substrates. Radium-226 

- concentrations were determined by the radon emanation method 
described in Subsection 3.3.1. 

- 
The results of isotopic uranium analyses (based on dry weight) are 
presented in Table 3-7. Results of analyses for total uranium 

.- showed concentrations ranging from 1.0 pCi/g to 1.6 pCi/g. The 
isotopic uranium concentrations were summed to estimate the total 

- uranium concentrations shown in Table 3-7. 

-- Analysis results for radium-226 (based on dry weight) are presented 
in Table 3-8. Results for radium-226 showed concentrations ranging 

I 
from 0.4 to 0.5 pCi/g. Results for thorium-232 (based on dry 
weight) are also presented in Table 3-8. Average annual 

I 
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TABLE 3-4 
CONCENTRATIONS OF  TOTAL URANIUM IN GROUNDWATER AT THE MISS, 1988 

Sampling Number of concentration (lo-9 uci/ml)b 
Locationa Samples M inimum Maximum Averagec 

1B 
2A 
2B 
3A 
3B 
4A 
4B 
5B 
6A 
6B 
7B 

Backcrround 

4 1.6 3.5 2.4 
4 0.9 2.0 1.4 
4 0.6 0.9 0.8 
3a 0.9 2.0 1.5 
4 0.9 1.6 1.3 
2e 2.7 5.1 3.9 
4 0.6 0.8 0.7 
4 0.6 0.9 0.7 
2f 4 .5 12.2 8.4 
4 0.8 1.4 1.1 
4 4.1 7.8 6.3 

B38W04Bg 3 0.6 1.2 0.8 

aSampling locations are shown in F igure l-7. We lls lA, 5A, 
5A-1, and 7A were dry during all sampling periods and are 
therefore not listed. 

bl x 10-9 pCi/m l is equivalent to 1 pCi/l. 

cWhere no more than one value is less than the lim it o f 
sensitivity o f the analytical method, values are considered 
equal to the lim it o f sensitivity, and the average value is 
reported w ithout the notation "less than." 

dwell dry in the thira quarter. 

ewe11 was dry in the third and fourth quarters. 

fWel1 was dry in the first and fourth quarters. 

gLocated at Stepan Company, approximately 61'm (200 ft) east 
o f M ISS wells 3A and 3B. We ll was added to the mon itoring 
program in April 1988 to represent background. 

44 



. -- 

- 

.- 

- 

_. 

- 

.~- 

- 

.- 

- 

- 

TABLE 3-5 
CONCENTRATIONS OF THORIUM-232 IN GROUNDWATER AT THE MISS, 1988 

Sampling 
Locationa 

Number of Concentration (1O-g uCi/ml)b 
Samples Minimum Maximum AverageC 

1B 
2A 
2B 
3A 
3B 
4A 
4B 
5B 
6A 
6B 
7B 

4 
4 

tb 
4 
2e 
4 
4 
2f 
4 
4 

<0.2 
0.2 

<0.2 
0.4 

<0.2 
1.2 

co.2 
co.2 
<0.2 
<0.2 
co.2 

<0.4 40.3 
0.7 0.4 

co.3 <0.3 
1.1 0.7 

co.4 <o-3 
1.9 1.6 
0.2 <0.2 

<0.2 co.2 
<0.2 <0.2 

0.3 0.3 
0.3 co.3 

Backcrround 

B38W04Bg 3 <o-2 <0.2 <0.2 

aSampling locations are shown in Figure l-7. Wells lA, 5A, 
5A-1, and 7A were dry during all sampling periods and are 
therefore not listed. 

bl x 10-9 vCi/ml is equivalent to 1 pCi/l. 

cWhere no more than one value is less than the limit of 
sensitivity of the analytical method, values are considered 
equal to the limit of sensitivity, and the average value is 
reported without the notation "less than." 

aWell was dry in the third quarter. 

ewe11 was dry in the third and fourth quarters. 

fWel1 was dry in the first and fourth quarters. 

4Located at Stepan Company, approximately 61 m (200 ft) east 
of MISS wells 3A and 3B. Well was added to the monitoring 
program in April 1988 to represent background. 
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TABLE 3-6 
CONCENTRATIONS OF RADIUM-226 IN GROUNDWATER AT THE MISS, 1988 

Sampling 
Locationa 

Number of 'Concentration (lo-9 vCi/ml)b 
Samples Minimum Maximum AverageC 

1B 4 0.7 1.0 0.9 
2A 4 0.9 1.2 1.0 
2B 4 0.5 0.9 0.7 
3A 3d 0.9 1.3 1.2 
3B 4 0.4 1.2 0.8 
4A 2e 2.7 2.9 2.8 
4B 4 1.1 1.8 1.4 
5B 4 0.3 0.9 0.7 
6A 2f 1.7 2.2 2.0 
6B 4 0.4 1.0 0.7 
7B 4 0.6 4.3 1.5 

Backsround 

B38W04Bg 3 0.7 1.3 1.0 

- 

- 

- 

- 

\- 

asampling locations are shown in Figure 1-7. Wells lA, 5A, 
5A-1, and 7A were dry during all sampling periods and are 
therefore not listed. 

bl x 10-9 pCi/ml is equivalent to 1 pCi/l. 

CWhere no more than one value is less than the limit of 
sensitivity of the analytical method, values are considered 
equal to the limit of sensitivity, and the average value is 
reported without the notation "less than." 

dwell was dry in the third quarter. 

ewe11 was dry in the third and fourth quarters. 

fWell was dry in the first and fourth quarters. 

gLocated at Stepan Company. approximately 61 m (200 ft) east 
of MISS wells 3A and 3B. Well was added to the monitoring 
program in April 1988 to represent background. 

;- 
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TABLE 3-7 
CONCENTRATIONS OF URANIUM IN SEDIMENT IN THE 

VICINITY OF THE MISS, 1988 

Sampling Number of Concentration EpCi/u (dry11 
Locationa Samples Minimum Maximum Average 

Uranium-234 

1 
2 
3 

Uranium-235 

4 0.3 1.5 0.7 
4 0.3 0.8 0.6 
3b 0.3 0.6 0.4 

1 4 <O.l <O.l <O.l 
2 4 <O.l <O-l <O.l 
3 3b <O.l <O.l 40.1 

Uranium-238 

1 4 0.3 1.4 0.8 
2 4 0.3 0.6 0.5 
3 3b 0.4 0.8 0.5 

Total UraniumC 

1 4 0.7 3.0 1.6 
2 4 0.7 1.5 1.2 
3 3b 0.8 1.5 1.0 

asampling locations shown in Figure 3-2. Location 3 is 
upstream of the MISS and represents background. No sediment 
was available at sampling Locations 5 and 6. Location 4 
is no longer accessible. 

bLocation was frozen during the first quarter. 

cTota1 uranium was determined by summing concentrations of 
all three isotopes. 

- 

-_ 

, -. 

- 
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TABLE 3-8 

i 

i. 

CONCENTRATIONS OF RADIUM-226 AND THORIUM-232 IN SEDIMENT 
IN THE VICINITY OF THE MISS, 1988 

Sampling Number of Concentration CWi/cI (dry)1 
Locationa Samples Minimum Maximum Average 

Radium-226 

1 4 0.3 0.6 0.4 
2 4 0.3 0.6 0.5 
3 3" 0.3 0.5 0.4 

Thorium-232 

1 4 0.2 0.6 0.4 
2 4 0.3 0.5 0.4 
3 3" 0.2 0.4 0.3 

asampling locations are shown in Figure 3-2. Location 3 is 
upstream of the MISS and represents background. No sediment 
was available at sampling locations 5 and 6. Location 4 is 
no longer accessible. 

bLocation was frozen during the first quarter. 

- 

.- 

- 
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concentrations of thorium-232 ranged from 0.3 to 0.4 pCi/ml. These 
concentrations may be compared with the levels of radioactivity in 
phosphate fertilizers listed in Appendix D. 

3.5 RADIATION DOSE 

To assess the potential health effects of the radioactive materials 
stored at the MISS, radiological exposure pathways were evaluated to 

calculate the dose to a hypothetical maximally exposed individual. 
This individual is one who is assumed to be adjacent to the site and 
who, when all potential routes of exposure are considered, receives 
the greatest dose. An evaluation of potential pathways (exposure to 
external gamma radiation, ingestion of water, and inhalation of 
radon) indicates that external gamma radiation is the only feasibly 
significant exposure mode. 

The dose from ingesting groundwater or surface water from sources on 
the MISS was not calculated because it was considered unrealistic 
that ingestion of this water would occur. The MISS is fenced and 

locked, and security is well maintained, so a member of the public 

could only consume water on the site by trespassing on the 
property. Furthermore, the trespasser would have to be equipped 
with a means of removing the well cap (which is locked) and a power 
source, a pump, and a hose. 

Radon concentrations measured at the boundary of the MISS were 
within the normal variations associated with background 
measurements. Given the amount of time that the hypothetical 
maximally exposed individual would spend near these locations, the 
dose from radon inhalation would be indistinguishable from that 
received from background concentrations. Consequently, this pathway 

would not contribute additional dose to the hypothetical maximally 
exposed individual and was not considered in the dose calculations 
presented in Subsection 3.5.1. Measured radon and thoron 
concentrations are discussed fully in Subsection 3.1. 
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3.5.1 Dose to the Maximally Exposed Individual 

.- To identify the maximally exposed individual in the vicinity of the 
MISS who would receive the highest dose from on-site radioactive 
materials, the dose from exposure to external gamma radiation was 
Calculated at various monitoring locations that could be accessible 
to the public. These doses were then reviewed with regard to land 
use and occupancy factors for areas adjacent to the monitoring 
points. 

-- would receive exposures equivalent to background for the area 
because of the distance of these homes from the site. The highest 

- annual average external gamma radiation levels at the MISS boundary 
in 1988 were measured along the western side of the site, with an 
average value of 129 mR/yr at monitoring Locations 9 through 12. 
Therefore, the highest overall exposure from external gamma 
radiation would be received by an individual walking at a speed of 
4.8 km/h (3 mph) along the western boundary of the site twice a day, 
365 days/yr, spending 8 min/day (48.7 h/yr) in the area. This 

Residents of homes on Central Avenue north of the site boundary 

- 

- 

.- 

\ i 

-- 

- 

maximally exposed individual would receive an exposure of less than 
1 mR/yr above background. This scenario is, however, highly 
conservative because it is unlikely that any individual would spend 
so much time at this location. A more realistic assessment of the 
use of the site would demonstrate that the incremental dose is less 
than 1 mrem/yr. Because 1 mR is approximately equivalent to 1 mrem, 
this exposure is approximately equivalent to 1 percent of the DOE 
radiation protection standard of 100 mrem/yr and is less than the 
exposure a person receives during a flight between New York and Los 
Angeles through the increased cosmic radiation present at higher 
altitudes. 

-. 
3.5.2 Dose to the Population in the Vicinity of the MISS 

The dose to the population represents the conceptual cumulative 
radiation dose to all residents within an 80-km (50-mi) radius of a - 
given site. This calculated dose includes contributions from all 
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potential pathways. For the MISS, these pathways are direct 
exposure to gamma radiation, inhalation of radon, and ingestion of 
radioactively contaminated water. 

The contribution to the population dose made by gamma radiation from 
on-site radioactive materials is too small to be measured; gamma 
radiation levels decrease rapidly as distance from the source of 
contamination increases. For example, if the external gamma 
radiation level at a distance of 1 m (3 ft) from a small-area 
radioactive source were 100 mR/yr, the external radiation level at a 
distance of 6.3 m (21 ft) from the source would be indistinguishable 
from naturally occurring background radiation. Similarly, radon is 
known to dissipate rapidly as distance from the radon source 
increases (Ref. 20). Therefore, radon exposure from on-site sources 
does not contribute significantly to population dose. 

On the basis of radionuclide copcentrations measured in water 
leaving the site, it also appears that there is no predictable 
pathway by which ingestion of water could result in a significant 
dose to the population. As water migrates farther from the source, 
radionuclide concentrations are further reduced, thereby lowering 
potential doses to even less significant levels. 

The cumulative dose to the population within an 80-km (50-mi) radius 
of the MISS that results from radioactive materials present at the 
site, is indistinguishable from the dose the same population receives 
from naturally occurring radioactive sources. 

3.6 TRENDS 

The environmental monitoring program at the MISS was established to 
allow an annual assessment of the environmental conditions at the 
site, provide a historical record for comparisons from year to year, 
and permit detection of trends over time. In the following 
subsections, 1988 annual averages for each monitoring location for 
radon and thoron, external gamma radiation, and uranium, radium-226, 
and thorium-232 in surface water and grOUndWater are compared with 
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results for 1984 through 1987. As the environmental monitoring 
program continues at the MISS and more data are collected, 
comparisons and analyses of trends will become more valid, 

3.6.1 Radon 

Table 3-9 lists annual average concentrations of radon and thoron 
for each monitored location for the period 1984 through 1988. The 
1988 radon and thoron concentrations at the MISS are statistically 
similar to those in 1987. The concentrations of both radiOnUClideS 
decreased in 1985 and rose in 1987. The 1987 rise in radon and 
thoron levels coincided with a drought in the northeastern United 
States and is thought to result from this climatic effect. A 
similar rise occurred in 1986 at background monitoring stations and 
at other FUSRAP sites within 50 miles of the MISS site. Dry 
conditions moderated in 1988, resulting in a minor decrease in 
general radon and thoron levels when compared with 1987 levels. 

Statistical analyses conducted to compare annual average 
concentrations of radon and thoron over the period 1984-1988 
indicate that the only statistically significant variation in 
average concentrations applies to 1985 as compared with subsequent 
years. No other statistically significant variances occurred during 
this period. Based on available data, it appears that the lowest 
radon and thoron levels at the MISS were recorded in 1985. 

For each year the monitoring program has been in effect, significant 
differences in radionuclide concentrations have existed between 
respective monitoring stations. Most notable are the levels 
measured at Locations 5 and 10 (see Figure 3-l), both of which are 
near areas of known contamination that are scheduled for remedial 
action. Disturbances of the surface soil cover near these locations 
during characterization activities in 1986 may be responsible for 
the rise in radon levels that began in 1986 and continued, with some 
climatic moderation, in 1987. The placement in 1987 of clean fill 
material along the site boundary near these locations has reduced 
radon concentrations. 
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TABLE 3-9 
ANNUAL AVERAGE CONCENTRATIONS OF THORON AND RADON 

AT THE M ISS, 1984-1988a 

Sampling 
Locationb 

Concentration (lOWg ~Ci/ml)c*d~e 
1984 1985 1986 1987 1988 

Thoron (Rn-220) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13f 

Back roundg -T%- 
Radon (Rn-222) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Back rounag -is-- 

8.1 0.5 CMDL 0.2 0.4 
2.1 0.6 CMDL 0.3 0.5 
2.1 0.3 0.1 0.4 0.2 
1.4 0.5 CMDL <MDL 1.4 
9.9 3.2 9.2 9.2 6.4 
1.1 1.0 0.6 1.3 1.0 
0.2 0.3 <MDL 0.5 0.3 
0.6 0.02 0.07 0.4 0.1 

<MDL 0.2 <MDL 0.1 0.2 
2.1 2.7 6.0 4.0 0.5 

<MDL 0.2 0.04 0.1 0.4 
1.4 1.2 1.7 1.7 0.6 
1.2 2.9 0.6 0.2 0.1 

<MDL 0.1 0.4 0.3 <MDL 

0.9 0.3 0.6 0.7 0.6 
0.8 0.2 1.2 1.2 0.9 
0.9 0.3 1.2 1.5 0.6 
0.8 0.4 1.6 1.1 1.9 
1.3 0.5 9.9 9.7 7.4 
1.2 0.2 1.9 2.4 1.4 
0.9 0.2 0.9 1.1 0.8 
0.6 0.3 0.8 1.0 0.4 
1.0 0.2 0.9 1.1 0.5 
0.8 0.4 6.5 4.9 1.0 
2.7 0.2 1.3 0.8 0.8 
1.4 0.2 2 ..6 2.3 1.1 
0.7 0.3 1.2 1.1 0.4 

l . 3 0.4 ?. .o 0.8 0.3 

asources for 1984. 1985, 1986, and 1987 data are the annual 
site environmental reports for tiiose years (Refs. 14-17). 

bsampling locations shown in Figure 3-l. 

Cl x 10-9 pCi/ml is equivalent to 1 pCi/l. 
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TABLE 3-9 
(continued) 

Pase 2 of 2 

dAl1 results include background. 

eMDL means minimum detectable limit. 

fLocation 13 is a quality control for Location 1. 

gAdditiona1 background detectors were established in January 
1989 at the Rochelle Park Post Office and the Rochelle Park 
Fire Station, both of which are located approximately 0.8 km 
(0.5 mi) south of the MISS. Data from these detectors will 
be reported in the 1989 environmental report. 

hBackground detector located at the Department of Health, 
Paterson, NJ, approximately 22 km (14 mi) west of the MISS. 

-. 

-. 
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At the other locations (4, 5, and 6), net radiation levels increased 
as compared with 1987 values. It is known that no additional 

.- radioactive materials were placed at the MISS during the period of 
exposure ; thus the increase was most likely the result of factors 
relating to the spatial location and geometry of the source of 
radiation and of the attempted shielding. Because detectors are 
located on the boundary of the MISS, any shielding placed on the -.. 

To determine the impact of radon and thoron levels at the MISS as 
measured at the site boundary, statistical analyses were conducted 
to compare radon and thoron levels at upwind Locations 12, 11, 10, 
and 9 with levels at downwind Locations 4. 5, 6, and 7. It was 
determined that at most of the downwind locations there was no 
significant statistical difference between the annual average values 
for each group. This indicates that radon emanation at the MISS has 
not had a measurable, statistically significant impact on air 
quality ‘at the site boundary during the past five years. 

3.6.2 External Gamma Radiation Levels 

As shown in Table 3-10, external gamma radiation levels have 
remained stable with the exception of Locations 4, 5, 6, 9, and 10. 
These locations are where radiologically clean fill was emplaced in 
August 1987 in an attempt to shield the site boundary within 10 m 
(30 ft) of the site fence. Radiation levels dropped significantly 
at Location 10 as a result of this shielding. The decrease at 
Location 9 was more modest and was not statistically significant. 

site side of the fence would be ineffective for sources located 
outside the fence. Measurements made with a directional radiation 

,- 

-- 

i_ 

detector in April and November 1987 confirmed that a fraction of the 
source as seen at these locations lies outside the site perimeter 
fence. Shields consisting of earth berms approximately 1.5 m (5 ft) 
high are located from 0.5 to 1 m back from the fence line from 
approximately the area of Station 6 along the fence to the area of 
Station 4. Such a configuration would scatter radiation coming from 
outside the site perimeter back toward the detector and could 
account for the increases observed at these locations. 
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TABLE 3-10 

ANNUAL AVERAGE EXTERNAL GAMMA RADIATION LEVELS 
_- 

AT THE MISS, 1984-1988a 

.- Sampling 
Locat ionb 1984 

Radiation Level (mR/vr)C 
1985 1986 1987 1988 

- 
Boundary 

3 196 _ ..~ 4 182 
5 368 
6 287 

- 7 147 
8 148 
9 176 
10d 759 - 
11 90 
12 208 

27 38 29 21 
130 91 69 109 
272 172 121 186 
106 83 67 85 

15 24 36 16 
15 18 37 30 
38 23 39 32 

627 496 521 317 
57 50 61 59 

180 88 79 106 

-. On-Site 

-- 
1 
2 
13e 

Backaroundf 

91 48 41 36 40 
89 50 51 43 52 
80 46 35 33 39 

149 -9 108 63 58 78 

asources for 1984, 1985, 1986, and 1987 data are the annual 
site environmental reports for those years (Refs. 14-17). 

- 
bsampling locations are shown in Figure 3-l. 

-- 
cMeasured background has been subtracted at on-site and 

boundary locations. 

aLocation 10 is in an area of known contamination (Ref. 3). 
-- 

eLocation 13 is a quality control for Location 1. 

-. 

- 

fAdditiona1 background locations were established in .J.pril 1988 
at the Rochelle Park Post Office and the Rochelle Park Fire 
Station, both of which are approximately 0.8 km (0.5 mi) south 
of the MISS. No values are reported this year because the TLDs 
have not yet had a full year of exposure. Data for these 
locations will be presented in the 1989 environmental report. 

- gBackground detector located at the Department of Health, 
Paterson, NJ, approximately 22 km (14 mi) west of the MISS. 
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3.6.3 Surface Water 

Concentrations of uranium, radium-226, and thorium-232 in surface 
water remained stable at the MISS. As shown in Table 3-11, no 
significant changes occurred in these levels from 1984 through 1988. 

- 3.6.4 Groundwater 

- 

- 

--. 

Groundwater monitoring has been conducted at the MISS since 1985. 
Table 3-12 lists the annual average concentrations of the three 
radionuclides of primary concern at each monitoring well location. 
Concentrations of thorium-232 and radium-226 remained stable from 
1985 through 1988. Uranium concentrations have not exhibited a 

definite trend in either the shallow wells (designated with the 
letter ,,A”) or the deep wells (designated with the letter “B”), 
because differences from year to year have not been statistically 
signif icant. In addition, because the analytical method was changed 

from fluorometry to alpha spectrometry in 1986, no meaningful trend 
for uranium in groundwater can.be identified. Because the alpha 

spectrometry method is more precise, very slight changes that would 
be unnoticeable using fluorometry are more easily detected. 

-- Generally, higher concentrations of uranium are found in the shallow 
monitoring wells located within the site boundary. These wells are 

-. located within the disturbed zone (see Subsection 3.6.1) and capture 
primarily soil water (as distinguished from water produced from an 
aquifer). Typically, these wells produce only limited quantities of -. 
water and are often dry during periods when rainfall is minimal. 

-. 
Uranium, thorium-232, and radium-226 concentrations in the deeper 

wells that are drilled to bedrock to monitor the available 
groundwater on the site have remained relatively constant from 1985 
through 1988. 
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TABLE 3-11 
ANNUAL AVERAGE CONCENTRATIONS OF TOTAL URANIUM, 

RADIUM-226, AND THORIUM-232 IN SURFACE WATER 
AT THE MISS, 1984-1988a 

Sampling Concentration (1O-g pCi/ml)c*d 
Locationb 1984 1985 1986 1987 1988 

Total Uranium 

1 3.0 <3.0 <3.0 <3.0 3.0 
2 3.0 <3.0 <3.0 c3.0 4.3 
3e 3.0 X3.0 c3.0 <3.0 3.8 

Radium-226 

1 0.4 0.2 0.4 0.4 0.4 
2 0.2 0.4 0.4 0.2 0.3 
3e 0.7 0.4 0.6 0.3 0.3 

Thorium-232 

1 0.4 0.2 <O.l <O.l <O.l 
2 0.5 0.1 0.1 co.1 <O.l 
3e 0.4 0.1 0.1 <O.l 0.1 

aSources for 1984, 1985, 1986, and 1987 data are the annual 
site environmental reports for those years (Refs. 14-17). 

bsampling locations shown in Figure 3-2. Locations 4, 5, and 
6 are not reported because there were no data for these 
locations for 1986-1988, and only very limited data for prior 
years. 

Cl x 10-9 $i/ml is equivalent to 1 pCi/l. 

dAl1 results include background. 

eLocation is upstream of the MISS and represents background. 
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TABLE 3-12 
ANNUAL AVERAGE CONCENTRATIONS OF TOTAL URANIUM, 

RADIUM-226, AND THORIUM-232 IN GROUNDWATER 
AT THE MISS, 1985-198Ea 

Paqe 1 of 2 
Sampling Concentration (1O-g wZi/ml)C 
Locationb 1985 1986 1987 1988 

Total Uranium 

1A 
1B 
2A 
2B 
3A 
3B 
4A 
4B 
5A 
5A-1 
5B 
6A 
6B 
7A 
7B 

Backcrround 

B38W04Be -e -e -e 0.8 

Radium-226 

15 0.1 
1B 0.6 
2A 0.4 
2B 0.3 
3A 0.4 
3B 0.3 
4A 0.4 
4B 0.3 
5A 0.2 
5A-1 -d 
5B 0.3 
6A 0.2 
6B 0.4 
7A -d 
7B 0.3 

Backuround 

B38W04Be -e -e -e 1.0 

27.0 
<3.0 

3.0 
12.0 
<3.0 
<3.0 
<3.0 
<3-o 

6318 
<3.0 

9.0 

“r: 
12.0 

-d 
1.6 
0.6 
0.5 
0.6 
0.3 

-d 
0.5 

loo3 
0.3 
8.4 
0.8 

-d 
4.7 

-d 
0.6 
0.5 
1.5 
0.6 
0.5 

-d 
0.4 

"I: 
0.2 
0.4 
0.5 

-d 
0.4 

-d 
3.3 
2.4 
2.1 
2.0 
3.3 

-d 
2.0 

98.8 
-d 

1.5 
12.1 

2.2 
15.9 

5.0 

-d 
2.4 
1.4 
0.8 
1.5 
1.3 
3.9 
0.7 

1: 
0.7 
8.4 

':A 
6.3 

-d -d 
0.4 0.9 
0.4 1.0 
0.4 0.7 
0.6 1.2 
0.3 0.8 

-d 2.8 
0.5 1.4 
0.8 -d 

-d -d 
0.3 0.7 
0.5 2.0 
0.3 0.7 
0.1 -d 
0.3 1.5 

59 



.- 

- 

.- 

- 

_- 

- 

- 

- 

TABLE 3-12 
(continued) 

Paqe 2 of 2 
Sampling Concentration (lOmg tlCi/ml)c 
Locationb 1985 1986 1987 1988 

Thorium-232 

1A 
1B 
2A 
2B 
3A 
3B 
4A 
4B 
5A 
5A-1 
5B 
6A 
6B 
7A 
7B 

Backqround 

B38W04Be 

0.1 
<O.l 

0.3 
<0.2 
<O.l 
co.2 
<O.l 
40.1 
co.1 0.3 0.3 

-d -d -d 
<0.2 
co.2 
<0.3 

-d 
<0.2 

-e 

-d 
<o-2 
<0.2 
co.2 
<0.2 
<O-l 

-d 
<O.l 

<O.l <O.l co.2 
0.1 0.3 co.2 

<0.2 <O-l 0.3 
-d co.1 -d 

<0.2 <O.l <0.3 

-e 

-d 
<0.3 
<O-l 
<O.l 
<O.l 
40.2 

-d 
<O.l 

-e 

-d 
<o-3 

0.4 
co.3 

0.7 
co.3 

1.6 
<0.2 

-d 
-d 

X0.2 

asources for 1985, 1986, and 1987 data are the 
annual site environmental reports for those years 
(Refs. 15-17). 

bsampling locations are shown in Figure l-7. 

cl x 10-9 jKi/ml is equivalent to 1 pCi/l. 

dShallow well to monitor groundwater in uncon- 
solidated material. These wells typically do 
not contain water. 

eLocation at Stepan Company, approximately 61 m 
(200 ft) east of MISS wells 3A and 3B. Well was 
added to the monitoring program in April 1988 to 
represent background. 
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4.0 RELATED ACTIVITIES AND SPECIAL STUDIES 

4.1 RELATED ACTIVITIES 

During calendar year 1988, site operations were conducted under 
Emergency Groundwater Permit No. NJ0054500, issued by the NJDEP, 
Water Resources Division, pending processing of the routine permit 
application. The New Jersey Pollutant Discharge Elimination System 

(NJPDES) regulates interim storage of waste at the MISS with the 
objective of preventing contamination of the groundwater. As such, 
the emergency permit prohibits discharges of water to groundwater. 
One of the NJPDES permit conditions requires the installation of 
groundwater monitoring wells at the MISS, which was completed during 
1985. 

Several groundwater monitoring wells installed at the Stepan 
property in 1987 to monitor the shallow groundwater system and deep 
aquifer and others added in the fall of 1988 on the railroad and 
Grove Street properties are used to provide data on groundwater flow 
and quality. 

In accordance with permit requirements, chemical analyses were 
performed on samples collected from the groundwater monitoring wells 
shown in Figure l-7. Monitoring wells lA, 5A, 5A-1, and 7A were 
dry during all sampling periods. Wells designated "A" are shallow 
(approximately 10 ft below ground): "B" wells extend into the 
Brunswick formation bedrock aquifer [approximately 5.2 to 18 m 
(17 to 59 ft) below ground]. Groundwater flows from east to west in 
the shallow aquifer and from the northeast to the southwest in both 
the overburden and the bedrock aquifer; therefore, Wells 2A and 2B 
represent groundwater quality upgradient from the contaminated waste 
pile. 

As required by permit number NJ0054500, groundwater samples from the 
MISS were analyzed for various parameters. Samples are analyzed 
quarterly for pH, total organic carbon (TOC), total organic halides 
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(TOX), and specific conductance. Analyses are performed annually 
for New Jersey priority pollutants. Table 4-l lists analytical 
results for indicator parameters and chemical contaminants detected 
in groundwater at the MISS. Numerous other chemical contaminants 
for which analyses were completed under the permit requirements were 
not detected in any of the groundwater samples (see Table 4-2). 

- 

The highest concentration of TOX was measured in Well 5B, and the 
highest concentration of TOC was observed in Well 2A. Benzene was 
observed in one deep well (Well 2B). 

- 

- 

- 

- 

- 

.- 

- 

A detectable concentration of contaminants was found in several of 
the shallow (overburden) wells (Wells 3A, 4A, and 6A). The 
appearance of bis(2-ethylhexyl) phthalate in 1988 in samples from 
Wells 2B, 3A, 3B, 5B, and 7B is currently considered to be a 
laboratory artifact. The appearance of acetone in samples from 
Wells 1B and 2B and methylene chloride in samples from Wells lB, 3B, 
4A, 4B, 5B, 6A, 6B, and 7B appears to be a sampling contaminant. 
Contaminants appeared in the laboratory blanks and in the field 
blank, respectively. No definitive conclusions can be drawn 
concerning the source of other contaminants observed at the MISS. 
Measurement of water level and water quality continues to provide 
additional information on groundwater gradient and flow directions. 

Analysis results indicate that the groundwater at the MISS contains 
chemical contamination. The TOX and TOC concentrations measured at 
the MISS since the inception of monitoring for chemical contaminants 
in 1986 indicate that mobile organic chemicals are being transported 
via the groundwater. No noticeable trend has been dgmonstrated for 
either pH or specific conductance. 

Although the presence of these contaminants would not be expected in 
pristine groundwater, their occurrence at trace levels is not 
unusual in groundwater underlying areas with a long history of 
industrial use. Comparison of the concentrations detected with 
maximum contaminant levels (MCLs) promulgated under the Safe 
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TABLE 4-l 

ANALYSIS RESULTS FOR INDICATOR PARAMETERS AND CHEMICAL CONTAMINANTS IN GROUNDRATER AT THE RISS, 198Ea 

Parameter 18 2Ab 2Eb 
Sampling Location (Monitoring Well Number) 

3A 38 4A 48 5B 6A 68 18 

pH (Standard Units) 1.1-7.4 7.0-7.2 7.2-8.0 5.3-7.6 6.1-6.4 4.1-5.3 7.1-7.2 7.2-8.4 6.8-7.0 8.2-8.9 7.2-8.5 

Total Organic Carbon (mg/ll 2.5-36.5 21.7-115 22.4-70.1 3.8-7.7 3.5-6.8 5.7-6.0 15.3-19.3 8.2-11.9 6.3-8.8 5.9-9.0 3.4-14.5 

Total Organic Halide (pg/ll NDAZC 24-260 ND-130 21-45 23-70 28-29 ND-150 ND-430 12-32 NO-78 ND-330 

Specific Conductance (pmhoskm) 788-896 4700-6990 1090-9750 720-831 1230-2720 1440-1730 1450-1660 23303590 2560-2690 24103670 4810-7720 

Bis(2-EthylhexyllPhthalate (pg/ll ND ND 15 11 13 ND ND 35 ND ND 11 

Methylene Chloride (pg/l) 10 NO ND ND 6 10 32 1 8 8 9 

Acetone (pg/ll 12 ND 18 ND ND ND ND ND ND NO ND 

CBenzene (pg/ll ND ND 62 ND ND ND ND ND ND ND ND 

Tetrachloroethene (pg/ll 17 ND ND ND ND ND ND ND NO ND 71 

1,2-.Dichloroethylene (pg/ll ND ND ND ND ND ND 26 NO ND ND 7 

l,l,l-Trichloroethane (pg/l) NO ND ND ND ND ND NO ND ND ND 5 

Trichloroethylene (pg/ll NO ND ND ND ND ND ND ND ND ND 5 

aDoes not include parameters for which concentrations were below the limit of sensitivity of the analytical method used. 

bUpgradient well. 

'ND - No detectable concentration. 
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TABLE 4-2 
CHEMICAL CONTAMINANTS NOT DETECTED IN GROUNDWATER AT KISS, 1988' 

Acrolein 
Acrylonitrile - 
Bromofofm 
Carbon Tetrachloride 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
2-Chloroethyl Vinyl Ether 
Dichlorobromomethane 
1,3-Dichloropropylene 
l,l-Dichloroethylene 
l,l-Dichloroethane 
l,P-Dichloroethane 
l,P-Dichloropropane 
1,3-Dichloropropene 
Ethylbenzene 
Methyl Bromide 
Methyl Chloride 
Toluene 
Total Xylenes 
Styrene 
1,1,2,2-Tetrachloroethane 
Trichlorofluoromethane 
1,1,2-Trichloroethane 
Vinyl Chloride 
Anthracene 
Acenaphthene 
Acenaphthylene 
Benzo(a)Anthracene 
Benzo(k)Fluoranthene 
Benzo(a)Pyrene 
Benzo(g,h,i)Perylene 
Benzyl Alcohol 
Benzoic Acid 
Bis(S-chloroethyl)Ether 
Bis(P-chloroethoxy)Methane 
Bis(2-chloroisopropyl)Ether 

4-Bromophenyl Phenyl Ether 
Butylbenzyl-Phthalate 
2-Chloronaphthalene 
4-Chlorophenyl Phenyl Ether 
&Chloroaniline 
4-Chloro-3-Bethylphenol 
Chrysene 
Dibenzo(a,h)Anthracene 
Dibenzofuran 
Di-n-butyl Phthalate 
Di-n-octyl Phthalate 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3-Dichlorobenzidine 
Diethyl Phthalate 
Dimethyl Phthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
4.6-Dinitro-2-Methylphenol 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Hexachlorocyclopentadiene 
Indeno(l,2,3-cd)Pyrene 
Isophorone 
P-Methylnapthalene 
P-Methylphenol 
4-Methylphenol 
Naphthalene 
Nitrobenzene 
2-tiitroaniline 
3-Nitroaniline 
4-Nitroaniline 
N-Nitrosodi-n-Propylamine 
Phenanthrene 

Pyrene 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2-Nitrophenol 
L-Nitrophenol 
Pentachlorophenol 
Phenol 
2.4.5Trichlorophenol 
2,4,6-Trichlorophenol 
Aldrin 
BHC, Alpha 
BHC, Beta 
BHC, Gamma 
BHC, Delta 
Alpha Chlordane 
Beta Chlordane 
Dieldrin 
Endosulfan, I 
Endosulfan, 11 
Endosulfan Sulfate 
Endrin 
Endrin Ketone 
Heptachlor 
Heptachlor Epoxide 
4,4'-DDT 
4,4.-DDE 
4,4'-DDD 
Bethoxychlor 
PCB 1016 
PCB 1221 
PCB 1232 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 
Toxaphene 

aAnalysis for the parameters required to Iwet RJDEP peimit J%quirements. 

- 
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Drinking Water Act indicates that water beneath the MISS would 
require treatment before it could be used as a public drinking water 
SUP?? 1Y * The contaminants present do not exceed MCLs by more than a 
factor of 20, and some are present at concentrations at or below 
relevant MCLs. It should be noted that MCLs are enforceable 
standards when applied at a point of use and are not applicable to 
in situ groundwater contamination. 

4.2 SPECIAL STUDIES 

There were no special studies performed in relation to the MISS in 
1988. 
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A comprehensive quality assurance (QA) program was maintained to 
ensure that the data collected were representative of actual 
concentrations in the environment. First, extensive environmental 
data were obtained to prevent reliance on only a few results that 
might not be representative of the existing range of 
concentrations. second, current monitoring data were compared with 
historical data for each environmental medium to ensure that 
deviations from previous conditions were identified and evaluated. 
Third, samples at all locations were collected using published 
procedures to ensure consistency in sample collection. Fourth, each 
analytical laboratory verified the quality of the data by conducting 
a continuing program of analytical quality control (QC), 
participating in interlaboratory cross-checks, performing replicate 
analyses, and splitting samples with other recognized laboratories. 
Fifth, chain-Of-custody procedures were implemented to maintain 
traceability of samples and corresponding analytical results. This 
program ensures that the monitoring data can be used to evaluate 
accurately the environmental effects of site operations. 

The majority of the routine radioanalyses for the FUSRAP 
Environmental Monitoring Program were performed under subcontract by 
TMA/E, Albuquerque, New Mexico. This laboratory maintained an 
internal quality assurance program that involved routine calibration 
of counting instruments, source and background counts, routine yield 
determinations of radiochemical procedures, and replicate analyses 
to check precision. The accuracy of radionuclide determination was 
ensured through the use of standards traceable to the National 
Bureau of Standards, when available. The laboratory also 
participated in the Environmental Protection Agency's (EPA) 
Laboratory Intercomparison Studies Program. In this program, 
samples of different environmental media (water, milk, air filters, 
soil, foodstuffs, and tissue ash) containing one of more 
radionuclides in known amounts were prepared and distributed 

A-l 



i- 

L_ 

-l 

._ 

.- 

c 

to the participating laboratories. After the samples were analyzed, 
the results were forwarded to EPA for comparison with known values 
and with the results from other laboratories. This program enabled 
the laboratory to regularly evaluate the accuracy of its analyses 
and take corrective action if needed. 

Interlaboratory comparison of the TLD results was provided by 
participation in the International Environmental Dosimeter Project 
sponsored jointly by the DOE, the Nuclear Regulatory Commission, and 
the EPA. Table A-l summarizes results of the EPA comparison studies 
for water samples. 

To ensure the accuracy of dose calculations, all computed doses were 
double-checked by the originator and by an independent third party 
who also checked all input data and assumptions used in the 
calculations. 

Chemical analyses were performed under subcontract by Weston 
Analytical Laboratory, Lionsville, Pennsylvania. Weston’s standard 
practices manual was reviewed and accepted by BNI. The laboratory 
maintains an internal QA program that involves the following. 

For inorganic analyses, the program includes: 

- 

0 Initial calibration and calibration verification 

0 Continuing calibration verification 

0 Reagent blank analyses 

0 Matrix spike analyses 

0 Duplicate sample analyses 

0 Laboratory control sample analyses 

-- 
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TABLE A-l 
SUMMARY COMPARISON OF WATER SAMPLE RESULTS 

(EPA and TMA/E) 

Analysis and Value (pCi/l) Ratio 
Sample Date EPA TMA/E (TMA/E:EPA) 

Alpha 

l/88 28.0 2 7.0 40.0 + 2.0 1.43 
2/88 4.00 + 5.00 3.33 r. 0.60 0.83 
5/88 6.0 jr. 5.0 5.3 r. 0.6 0.88 
7/88 46.0 + 11.0 53.3 -, 2.9 1.16 
8/88 15.0 + 5.0 12.7 r. 0.6 0.85 

11/88 8.00 + 5.00 7.00 + 1.00 0.88 

l/88 72.0 + 5.0 90.0 + 4.0 1.25 
2/88 8.00 + 5.00 9.30 + 0.6 1.16 
5/88 13.0 + 5.0 16.3 + 0.6 1.25 
7/88 57.0 + 5.0 69.7 -, 2.9 1.22 
8/88 4.0 + 5.0 5.0 + 1.0 1.25 

11/88 10.00 + 5.00 10.00 2 1.00 1.00 

Ra-226 

l/88 4.80 + 0.72 4.70 2 0.26 0.98 
l/88 4.80 + 0.72 4.53 +. 0.15 0.94 
5/88 7.60 2 1.14 7.27 + 0.25 0.96 
7/88 6.40 + 0.96 6.37 + 0.59 1.00 
8/88 10.0 + 1.51 9.90 + 0.53 0.99 

11/88 8.40 +. 1.30 8.53 + 0.15 1.02 

Ra-228 

l/88 5.30 -, 0.80 4.35 2 1.4 0.82 
l/88 3.60 2 0.54 4.60 2 0.95 1.28 
5/88 7.70 2 1.16 8.73 + 0.5 1.13 
7/88 5.60 + 0.84 6.50 + 0.10 1.16 
8/88 12.40 + 1.86 14.80 + 0.72 1.19 

11/88 5.40 + 0.80 5.33 + 0.35 0.99 

U (Natural1 

l/88 3.0 + 6.0 3.33 + 0.58 1.11 
4/88 3.0 + 6.0 3.7 + 0.6 1.23 
7/88 6.00 + 6.00 6.33 2 0.58 1.06 

10/88 6.0 5 6.0 7.0 2 0.0 1.17 

A-3 



APPENDIX B 

ENVIRONMENTAL STANDARDS 

-. 

a-- 

.- 



Cr 

L 

i 
L  

APPENDIX B 
ENVIRONMENTAL STANDARDS 

The DOE long-term radiation protection standard of 100 m rem/yr above 
background level includes exposure from all pathways except medical 
treatments (Ref. 13). Evaluation of exposure pathways and resulting 
dose calculations is based on assumpt ions such as occupancy factors 
in determining the dose from external gamma radiation: subtraction 
of background concentrat ions of radionucl ides in air, water, and 
soil before calculating dose; closer review of water use, using the 
data that most closely represents actual exposure condit ions rather 
than max imum values as applicable; and using average consumpt ion 
rates of food and water per individual rather than maximums. Use of 
such assumpt ions will result in calculated doses that more 
accurately reflect the exposure potential from site activities. 
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TABLE B-l 

CONVERSION FACTORS 

1 year 

1 liter 

1 mR 

1 mrem 

100 mrem/yr 

1 vCi 

1 pCi 

1 pCi/l 

1 pCi/l 

1 $i/ml 

10-6 

10-7 

10-8 

10-g 

10-10 

7 x 10-10 

8,760 hours 

1,000 ml 

1 mrem 

1,000 VR 

11.4 vR/h (assuming 8,760 hours of 
exposure per year) 

l ,OOO,OOO pCi 

0.000001 vtci 

10-g jKi/ml 

0.000000001 pCi/ml 

1,000,000,000 pCi/l 

0.000001 

0.0000001 

0.00000001 

0.000000001 

0.0000000001 

0.0000000007 
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APPENDIX C 
ABBREVIATIONS 

cm 
cm/set 
ft 
ft msl 
9 
gal 
h 
ha 
in. 
km 
km/h 
lb 
m 
m3 
w 
mg/l 
mi 
ml 
mph 
mR 
mrem 
mR/yr 
mrem/yr 
wCi/ml 
w/l 
pR/h 
pCi 
pCi/g 
pCi/l 
yd3 
Yr 

centimeter 
centimeters per second 
foot 
feet above mean sea level 
gram 
gallon 
hour 
hectare 
inch 
kilometer 
kilometers per hour 
pound 
meter 
cubic meter 
milligram 
milligrams per liter 
mile 
milliliter 
miles per hour 
milliroentgen 
millirem 
milliroentgen per year 
millirem per year 
microcuries per milliliter 
micrograms per liter 
microroentgens per hour 
picocurie 
picocuries per gram 
picocuries per liter 
cubic yard 
year 

.- 
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Rodlotion b a noturol port of our environment. When our planet was formed, radiation was 
present--and radiation surraunds It still. Natural mdloiian showers dawn from the distant reaches af 
the casmos ond cantinuausly rodbtes from the rooks, salt, and water on the Earth Itself. 

During the lost century, mankind hog discovered rodlotbn, how to use It. and how to contral it. 
As 0 resutt, same manmade radiation hos been added to the naturol amounts present in our 
environment. 

Sourws d @dkWn Many moteriots-both natural and 
“a..~ manmade-thot we came into 

M 
Y 

cantoct with in our everyday lives 
ore radioactive. These materials 

r 
release energetic particles or 

g%t 

5!! 

ore composed of atoms that 
r 

r waves os they change into 
mare stable forms. These 
particles and waves are 
referred to as rodiotan. 
and their emission as 

h/ rocfiaoctiviiy. 

As the chart on the left 
shows, mast environmental 

rodiotian (82%) is from notuml 
sources. By far the largest 

source is radon. an odorless. 
cdoriess gas ghren off by natural 

rodium in me Earth’s crust. While 
rodon has ahvoys been present in t& 

environment, its signtficonce is better 
understood today. Manmode rodiatii- 

mosth from medical uses and consumer 
product&odds abaut eighteen percent to aur 

total expasure. 

TYPES OF IONIZING RADIATION 
Radiation that ha5 enough energy to disturb the electrical balance in the otorns of substances tt 

passes through b colled &n&&g rod&f&n. There ore three basic forms af bnking radiotion. 

Beta Gamma 
Alpha parHcles ore the brgesi 

and slowest moving t 8 of 
Beta particles ore much 

smaller and foster moving 
Gamma rodiotiin is a type 

.P 
of electramognetic wove that 

b osheeto!poperorthestdn 
radiation. The ore easily apped than alpha particles. Beta trmels ot the speed of light. 

Alpha partiiles con mavethrough t oir for 
h Paper It takes a tMck shield af steel, 

the oir only 0 few inches before 
g$$!$&l in lead,orconcretetostopgamma 

being stopped by air molecules, 
about 10 feet. Hwe-r.~y rays. x rays and cosmic mysore 
con .be stopped by thin simibr to gamma rodiatiin. 

However, alpha rodiation is shielding such aS 0 sheet of x roys ore produced by 
dangerous to sensitivetissue IrUde aluminum foil. 
the body. monmode devices; casmic rays 

reach Earth from outer space. 

D-l 
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Units of Meusure 

ROdldlOnCOnbe- havarletyofwaj6. Levels of radbtion are measured in various units. 
- WkaIIy. wilts of measure ShoweIther 1) thetotal The level of gamma radiation In the air is measured by 

amount of radloactlvity present ln a substance, or 
2lthelevelofradiatbnbeingglvenoff. 

the roen@en. This is a relatively brge unit. so 
measurements are often cabubted in milliroentgerk 

, Radbtbn absorbed by humans is measured in either . fheradioacW&ofasubstancekmeasuredin fad or rem. The rem b the most descriptive because 
terms of the number of transformations manQes into itmeawrestheabNltyofthespecmctypeof 

: morestabIeform9perunltoftime. IhecMeisthe radbtbn to do damage to MoloQlcal tissue. Again. 
:. standardunltforthlsmeasurementandbtsasedon typical measurements will often be in the millirem 

the amount of radbacMty contained in 1 gram of (mrern). 01 one-Wwwndth of a rem. range. 
I radium. NumetkaIty. 1 curie Is equal to 37 biNon In the internaHonal scientific cornmuntty, absorbed 

lmnsformatlonspersecond. Theamountsof dose and biological exposure are expressed in grays 
- radbactivttythatpeaple~workwitharein and sekerfs. 1 gray (Gy) equais 100 rad. 1 seivett Civ> 

the mlUicurie (one-w ofacurie)or equals 100 rem. On the average, Americans 
microcurIe @ rwmillbnth of a curb) range. Levels of receive about 360 mrem of radiation a yeor. Most 

L radbacthiity in tM environment are in the plcocurle, of this (97%) is from natural radiation and medical 
or Pci (onMrMbnth of a cudel range. exposure. Speclflc examples of common sources of 

radbtbn are shown in the chart below. 

Cosmic Radalkn 
Cosmic rodiatbn h high+nerr$+ gamma rod 
iotion that w@hates h outer lp~ce or-id llltefs 

-- mrw* WT tmaphere. 
SoLed. . . . . . . ..-....................... 26 mrem/year 
-~llz-~nb-lmYk- 
Atlmto. Worglo (1 m fee0 

-.- 

RADIAnON IN THE 
ENVIRONMENT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 mrem/yeor 
oerlver. calaoda r.fmo Met) 
..,.........................,....,.................. 50 mrem/yeor 

Mhm. hmwsoto (615 feet> 
r- ..,...........................,..,.....,...,......... 30 mrern/yeor 

Satt Loke Clly. Utoh (4,400 feet) 
. . . . * . . . . . . . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 mrem&ar 

- TerrestrldRdulkn 
lerreshfu sauces ore nolurol~ rodooctlve 
elemmtshlttesc4ondwotefsxhasuo- 
nlum. mdum. and thdun. Average lwek of 

- mere elements are 1 pcrlqam 0t sol. 

United 3totes (average) . . . . . . . . . . . 26 mrwn/yeor 
Denver. Colara* . . . . . . . . . . . . . . . . . . . . . 63 mrem/yeor 
We D&to. EOVpt ..,................... 350 mrem/year 

. Pu!s. France . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3% mrem/yeor 
Caost of Kerola. lnda . . . . . . . . . . . . @I mremm 
McAlpe. Brazl . . . . . . . . . . . . . . . . . . . . . . 2.5!% mrem/ywr 

.-, Pocos De Coklos. Evazll . . . . . . 7,WO mrem/year 

klcmy Mdhg moterlok. efpecWy gonlte. 
contc‘h nohxoly rodoocthm elemmts. 
US.capltorBuDdno . . . . . . . . . . . . . . . . . . 6 mrem/year 
0ase Of slacue ot Lbrly . . . . . . . . 326 mrm&ea 
Grand cmlral stonorl . . . . . . . . . . . 526 rrwem/yea 

__. Thevatkorl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 800 mrem/yeu 

RYdullevelshbuldnQvo7y.depmdngorl 
geo@ophlc bconorl. from 0.1 to 2w pCl/ilter. 

.-~ Average Indoor Roda’~ Level ,...... 1.5 pCl/liter 
occuxJtlonol Wodkh~ Lhvn . . . ..po.o pa/liter 

Food cmtrlkrtes an average of 20 
mrem/veor. mostly lrom potaskrndD, 
ca$a$on-Wdr2~ rodun-226. 

Beer . . . . . ...*...*. .*...............*. 390 pa/lner 
Top Water . . . . . . . . . . . . . . . . . . . . . . . . . . 20 pU/llter 
Milk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1B pa/iter 
SUad OU *...*................... 4.9uO pa/lter 
whiskey . . . . . . . . . . . . ..*......... . . 1.200 pa/lter 
&dlNuis . . . . . . . . . . . . ..*................ 14 pCl/g 
Bononos . . . . . . . . ...*....................*.. 3 pa/Q 
Flour . . . . . . . . . . . . . . . ..*................... 0.14palQ 
PwnlJfs & Peorlut BlJmf ..0.12 pa/g 
Tea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.a pCi/g 

Mdcdmalmenl 
The ewoems from medcol daqrortr 
=v-lwg~u.mmed 

16e&mwx rbvr. ora me M Of me 

ChWX& . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 mrem 
Dentd X Ro&Eoch . . . . . . . . . . . . . 100 mrem 
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CbatetteHwo ~~ck.vdov 
@cMnbm-210) . . . . . . . . . . . . . . . . . . . . . . . O.ooO mrem/yeor 
Cola T&wldon . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~1 mrem/veur 
Gos LOtItem Mont& 
wwknn-232) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 mremlveor 
Hlglnmy Ccmtrudon ..,...,........... 4 mremlyeor 
Akpkme Trovel ot 39.000 feet 
(conk) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.5. mrem/hour 
Notual Gas Heallr?g and Cooking 
(rodon-222) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 mremlyeor 
Ftmphate FerHllzers . . . . . . . . . . . . . . . . . . . . . 4 mrem/year 

NohduudwdayhFbfldohosphoto 
-oIpQ/Qo?u 

a4FzL 
Pa-a6 21.3 21.0 33.0 

U-2M 20.1 66.0 6.0 

m-230 16.9 48.0 13.0 

m-232 0.6 1.3 0.3 

Pucelain Omtues 
(wnhm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1500 mrem/yeor 
Raddunh&cmt sock 
(pr0memuvki4n . . . . . . . . . . . . . . . . . . . cl mremlyeor 
Smoke Oetwtor 
(americfum-241) . . . . . . . . . . . . . . . . . . . 0.01 mrem/yeor 

ESE?&W ZX$teY 
teds 
(overage for 0 US. cl?tzen) . . . . . . 1 mfem/year 



Around the House 
Many househoid products contain a small amount of 

radioactivity. Examples include gas lantern 
mantles, smoke detectors, dentures, 

camera lenses, and anti-static brushes. 
The radioactivtty ls added to the 

cr 
products either specifically to 
make them work, or as a result of 
using compounds of elements 

like thorium and uranium in 
producing them. The 

amount of radiation the 
products gives off is not 
considered significant. But 

i with today’s sensitive 
equipment, lt can be 
detected. 

Lanterns: In ‘a New light 
About 20 million gas 

lantern mantles are used by 
campers each year in the 

United States. 
Under today’s standards, the 

?J 

amount of natural radioactivity 
found in a lantern mantle 
would require precautions in 

handling itat many Government 
or industry sites. The radioactivity 
present would contaminate 15 
pounds of dirt to above 
allowable levels. This is because 

I the average mantle contains 
l/3 of a gram of thorium oxide, 
whichhasaspecitIcactivity(a 

measure of radioactivitv) of 

- 

.- 

\ .- 

I- 

x  

approximateiy 100,000 pi&curies 
per gram. The approximatety 35DOO picocurtes of 
radioactivity in the mantle would, if thrown onto the 
ground, be considered low-level radioactive 
contamination. * 

from hfotmatlon povlded by W.L. Beck. bchtd NatIonal. Inc. 
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The curie is a standard measure for the lntenstty of radioactivity contained in a 
sample of radioactive material. tt was named after Prenoh scientists Marie and Pierre 
Curie for their landmark research into the nature of radloacttvlty. 

The basii for the curie ts the radloacWty of one gram of radium. Radium decays at 
a rate of about 2.2 trillion disintegrations (2.2X109 per minute. A pkocude is one 
trillionth of a curie. Thus, a plcocurie represents 2.2 disintegrations per minute. 

To put the rekztive ske of one M//ionfh into perspecffve, consk%r that if the Earth 
were reduced to one trillionth of lts diameter, the ‘plco earth’ would be smaller in 
diameter than a speck of dust. In fact, it would be six times smaller than the thickness 
of a human hair. 

The difference between the curie and the picocurie ls so vast that other metric units 
are used between them. These are as follows: 

The following chart shows the relative differences between the units and gives 
analogies in dollars. It also gives examples of where these various amounts of 
radioactivity could typically be found. The number of disintegrations per minute has 
been rounded off for the chart. 

UNIT OF DISINTEGRATIONS 
RADlOACTlVIlY SYMBOL PER MINUTE 

1 Curie 

. . . 
1 uillcL,~~ 

1 Mwxxrie 

Cl 

ma 

Gi 

;;;t;~or2eMon 

2xlV or 2 Minbn 

1 Nanocurie nCi 
I 

1 Ficocurie 
I 

pci 2 

Cost of a New interstate Amount Used for a Brain 
Hkhwcrvfrom Atbnta to I or Lh!er Scan 
Scih Fra&co 
Al%% Bus&all FMyeh Amount Lked in Thyroic 

Tests 

Annual Home Energy Consumer Products 
Casts I 

Cast of a Hamburger and Background Environmentc 
Coke I Levels 

D-4 

Chart provlded by W.L. Beck. Bechtel National. Inc. 
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ELEV. - TOP OF SURFACE CKiINCm 

ELEV. - TOP OF RISER CASING* 

0.0-3.0 FEET 
SAND (SM): 
GAAY AND BROWN 
FINE GRAINED 
WITH CLAYEY SILT. 

TYPE, CEMENT GROUT: 1: 1 

3.0-10.0 FEET 

VERY FINE SAND. 

10.0-19.0 FEET 
SAND (SP-SM): 

SOME SILT AND 
CLAY. 

BENTONITE PELLETS 

19.0-20.0 FEET: 
SAN0 (SM-ML): 
EOWISH BROWN, 
FINE GRAINED 
WITH SILT. 

OIA: 2 INCHES 
TYPE~CHEDULE 40 PVC 

-SOTToM OF SCREEN-------------------)- 

8OTTU.l OF HOLE- 

HOLE DIM 7 INCHES 

E-l 
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- TOP OF RISER CASINGr 

DIA, 6 INCHES 

1.0-4.5 FEET 
SANDSTONE BOULDER: 

4.5-10.0 FEET 
u (ML): 
LIGHT GRAY WITH 
VERY FINE SAND. 

10.0-19.0 FEET 
$AbJ (SP-SM): 
DARK GRAY. FINE 
GRAINED WITH SOME 8 INCHES 

SILT AND CLAY. 
-BOTTOM OF RISER CCISING-b 

I I 
19.0-21.5 FEET II 
SAND (SM-ML) : I I 
EOWISH BROWN, FINE II 

GRAINED WITH SILT. II 
-I I 

II 

21 .5-50.5 FEET II 

SANDSTONE: II 
I I* (PEN HOLE 

DARK REDDISH BROWN II 
TO MODERATE BROWN, II 
;;;MN;; VERY FINE II 

. II 
II 
II 
II 
II 
I I 
II 
II 
II 
II 
II 
I I' 
I I& BOTTOM OF HOLE-- -- A*E 

58.5 

-4 
-- HOLE DIR8 3 INCHES 

E-2 
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APPENDIX F 
DISTRIBUTION LIST FOR MAYWOOD INTERIM STORAGE SITE 

ANNUAL SITE ENVIRONMENTAL REPORT 

Media: 

- 

-' 

Editor 
THE SUNDAY POST 
30 Oak Street 
Ridgewood, New Jersey 07451 

Editor 
THE NEWS 

-- 

._ 

-- 

_-- 

News Plaza and Straight Street 
Paterson, New Jersey 07509 

Editor 
THE HERALD-NEWS 
988 Main Avenue 
Passaic, New Jersey 07055 

Editor 
THE WEEKLY NEWS 
Post Office Box 360 
Lodi. New Jersey 07644 

Editor 
THE BERGEN RECORD 
150 River Road 
Hackensack, New Jersey 07602 

Ms. Pat Wen 
THE NEWARK STAR-LEDGER 
Bergen County Courthouse 
Hackensack, New Jersey 07601 

Mr. Len Rubin 
OUR TOWN 
58 West Pleasant Avenue 
Maywood, New Jersey 07607 

Mr. Bob Mann 
UA Columbia (Cable TV) 
7 Fir Court 
Oakland, New Jersey 07436 

F-l 
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Federal: 

M r. W illiam  Muszynski, Acting Administrator (5 copies) 
U.S. Environmental Protection Agency 
Region II 
26 Federal Plaza, Room 900 
New York, New York 10278 

M r. Paul A . Giardina 
Chief, Radiation Branch 
U.S. Environmental Protection Agency 
Region II 
26 Federal Plaza 
New York. New York 10278 

M r. Ron Russin 
U.S. Environmental Protection Agency 
Region II 
26 Federal Plaza, Room 737 
New York, New York 10278 

Ms. Pat Evangelista 
U.S. Environmental Protection Agency 
Region II 
26 Federal Plaza, Room 737 
New York, New York 10278 

M r. Robert W . Hargrove 
U.S. Environmental Protection Agency 
Region II 
26 Federal Plaza 
New York, New York 10278 

M r. W illiam  Gunter, Director (2 copies) 
Criteria and S tandards Division 
Office of Radiation Programs 
U.S. Environmental Protection Agency 
401 M  S treet, ,SW 
Washington, D.C. 20460 

S tate: 

M r. Christopher Daggett, Commissioner 
S tate of New Jersey 
Department of Environmental PrOteCtiOn 
CN 402, Room 802 
Labor and Industry Building 
John Fitch Plaza 
T renton, New Jersey 08625 
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Mr. Don D ieiso, Assistant Commissioner 
State of New Jersey 
Department o f Environmental Protection 
Room 802, Labor and Industry Building 
John F itch Plaza CN-402 
T renton, New Jersey 08625 

Mr. George McCann 
State of New Jersey 
Department o f Environmental Protection 
Room 802, Labor and Industry Building 
John F itch Plaza CN-402 
T renton, New Jersey 08625 

Mr. Arnold Schiffman (5 copies) 
D ivision of Wa ter Resources 
State of New Jersey 
Department o f Environmental Protection 
1474 Prospect Street 
T renton, New Jersey 08625 

Mr. Gary H. Haag, Geo logist 
D ivision of Wa ter Resources, CN 029 
State of New Jersey 
Department o f Environmental Protection 
1474 Prospect Street 
T renton, New Jersey 08625 

Ms. Jeanette Eng, D irector (6 Copies) 
Radiation Decontamination Assessment 
Bureau of Radiation Protection 
State of New Jersey 
Department o f Environmental PrOteCtiOn 
380 Scotch Road 
T renton, New Jersey 08628 

Ms. Mary Kay H ill 
Radiation Decontamination Assessment 
Bureau of Radiation Protection 
State of New Jersey 
Department o f Environmental PKOteCtiOn 
380 Scotch Road 
T renton, New Jersey 08628 

Mr. Bob Stern 
Radiation Decontamination Assessment 
Bureau of Radiation Protection 
State of New Jersey 
Department o f Environmental PrOteCtiOn 
380 Scotch Road 
T renton. New Jersey 08628 
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Mr. Jorge Berkowitz 
State of New Jersey 

._ Department of Environmental Protection 
8 East Hanover Street 
Trenton, New Jersey 08625 

i L_ Mr. E. Kaup 
Bureau of Case Management and Enforcement 
State of New Jersey 

-- Department of Environmental Protection 
401 East State Street 
Trenton, New Jersey 08625 

Mr. Frank Cosolito 
Special Assistant to the Director 
Division of Environmental Quality i- State of New Jersey 
Department of Environmental Protection 
Room 1110, Labor and Industry Building 

- John Fitch Plaza, CN-027 
Trenton, New Jersey 08625 

,.- Local: 

Ms. Pat Allison 
Borough Clerk 
Borough of Maywood 
459 Maywood Avenue 
Maywood, New Jersey 07607 

i.. 
Planning Board Chairman 
Borough of Maywood 
459 Maywood Avenue 
Maywood, New Jersey 07607 

L. 

.- 

Mr. John Curran 
Borough Administrator 
Borough of Lodi 
One Memorial Drive 
Lodi, New Jersey 07644 

-- 
Honorable Anthony Luna 
Mayor, Borough of Lodi 
One Memorial Drive 
Lodi, New Jersey 07644 

Honorable Bob Solvini 
Mayor, Rochelle Park Township 
405 Rochelle Avenue 
Rochelle Park, New Jersey 07662 
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Honorable John Steuert 
Mayor, Borough of Maywood 
459 Maywood Avenue 
Maywooa, New Jersey 07607 

Township Clerk 
Township of Rochelle Park 
405 Rochelle Avenue 
Rochelle Park, New Jersey 07662 

Secretary of Planning Board 
Township of Rochelle Park 
405 Rochelle Avenue 
Rochelle Park, New Jersey 07662 

Environmental Program Administrator 
County of Bergen 
Department of Health Services 
327 Ridgewood Avenue 

- Paramus, New Jersey 07652-4895 

Mr. Wesley R. Van Pelt 
Technical Advisor, Borough of Maywood 
773 Paramus Road 
Paramus, New Jersey 07652 

Congressional: 

Honorable Bill Bradley 
U.S. Senate 
731 Hart Senate Office Building 
Washington, D.C. 20510-3001 

Honorable Frank Lautenberg 
U.S. Senate 

- 717 Hart Senate Office Building 
Washington, D-C. 20510-3002 

Honorable Robert G. Torricelli 
U.S. House of Representatives 
317 Cannon House Office Building 
Washington, D.C. 20515-3009 - 
Mr. Mark Brownstein 
Office of Representative Torricelli 

-- Member, U.S. House of Representatives 
Court Plaza, 25 Main Street 
Hackensack. New Jersey 07601 

Honorable Marge Roukema 
U.S. House of Representatives 
303 Cannon House Office Building 
Washington, D.C. 20515-3005 
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Honorable Paul Contillo  
New Jersey State Senator 
120 State Street 
Hackensack, New Jersey 07601 

Honorable Patrick Roma 
New Jersey State Assemblyman 
275 Forest Avenue 
Paramus, New Jersey 07652 

Honorable W illiam  P. Schuber 
New Jersey State Assemblyman 
71 Park Street 
R idgefield, New Jersey 07660 

Library: 

Rochelle Park Public Library 
405 Rochelle Avenue 
Rochelle Park, New Jersey 07662 

Maywood Public Library 
459 Maywood Avenue 
Maywood, New Jersey 07607 

Lodi Public Library 
One Memorial Drive 
Lodi, New Jersey 07644 

M iscellaneous: 

Mr. Park Owen (2 copies) 
Remedial Action Program Information Center 
Oak R idge National Laboratory 
Martin Marietta Energy Systems, Inc. 
Post O ffice Box 2008 
Oak R idge, Tennessee 37831-6255 

D istribution (27 copies) 
O ffice of Scientific and Technical Information 
U.S. Department o f Energy 
Post O ffice Box 62 
Oak R idge, Tennessee 37831 

Mr. John M . Peterson (3 Copies) 
Energy and Environmental Systems D ivision 
Argonne National Laboratory 
9700 South Cass Avenue, Building 362 
Argonne, Illinois 60439 
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Site Superintendent (5 copies) 
Bechtel National, Inc. 
868 Black Oak Ridge Road 
Wayne, New Jersey 07470 

Mr. Richard L. Jacobson 
Mayer, Brown, & Platt 

/ 
i_ 

200 Pennsylvania Avenue, NW 
Washington, D-C. 20006 

Mr. Michael J. Nolan 
69 Lenox Avenue 
Maywood, New Jersey 07607 

Mr. John G. O 'Brien 
Stepan Company 
100 W. Hunter Avenue 
Maywood, New Jersey 07607 

DOE-Headquarters: 

Mr. Douglas G. Elmets, Press Secretary 
Office of Press Secretary 
CP-60, Room 8G-096, HQ, FORSTL 

Mr. Edward R. Williams, Director 
Office of Environmental Analysis 
EH-22, Room 4G-036, HQ, FORSTL 

- 

_- 

Mr. John C. Tseng, Director (5 Copies) 
Office of Environmental Guidance and Compliance 
EH-23, Room 7A-075, HQ, FORSTL 

Mr. Randal S. Scott, Director (2 Copies) 
Office of Environmental Audit 
EH-24, Room 33-094, HQ, FORSTL 

Ms. Carol M, Borgstrom, Director (2 copies) 
Office of NEPA Project Assistance 
EH-25, Room 3E-080, HQ. FORSTL 

- Mr. John E. Baublitz, Acting Director 
Office of Remedial Action and Waste Technology 
NE-20, Room E-435, HQ. GTN 

_ Mr. James J. Fiore, Director 
Division of Facility and Site 

Decommissioning 
NE-23, Room D-430, HQ, GTN 

. . 
Mr. James W. Wagoner II 
Division of Facility and Site 

Decommissioning 
NE-23, Room D-428, HQ, GTN 
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Mr. Andrew Wallo III 
Division of Facility and Site 

:- Decommissioning 
NE-23, Room D-428, HQ, GTN 

1~ DOE-ORO: 
I J. T. Alexander. M-4 (3 copies) 
I- G. W. Benedict, CE-50 

B. D. Walker, CE-53 
P. J. Gross, CE-53 I c J. F. Wing, CE-53 
S. K. Oldham, CE-53 
R. G. Atkin, CE-53 

I H. W. Hibbitts, SE-31 (3 copies) / .- 
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The laboratory for organic analyses conforms to QC procedures for 
the following: 

0 GC/MS instrumentation for both volatile and semivolatile 
compound analysis 

0 Initial multilevel calibration for each hazardous substance 
list (HSL) compound 

0 Continuing calibration for each HSL compound 

0 Addition of surrogate compounds to each sample and blanks for 
determining percent recovery information 

0 Matrix spike analyses 

0 Reagent blank analyses 

Weston is currently an EPA-designated Contract Laboratory Program 
(CLP) laboratory for both organic and inorganic analyses. This 
requires passing EPA’s blind performance evaluation testing each 
quarter. The technical specifications in BNI’s subcontract with 
Weston specify QA/QC at, and in some cases beyond, the CLP level. 

They participate in water studies to demonstrate technical 
competence for state drinking water certification programs. They 

also participate in water pollution studies to demonstrate technical 
competence for state wastewater certification programs. Currently, 
they participate in drinking water, wastewater, and/or hazardous 
waste certification programs. They are certified (or pending) in 
35 such state programs. Continued certification hinges upon 
Weston’s ability to pass the performance evaluation testing, and 
many of these tests are conducted semiannually. 

Weston’s QA program also includes an independent overview by their 
project QA coordinator and a corporate vice president who audits 
their program activities quarterly. 

The FUSRAP sampling program was designed to provide for spikes, 
blanks, and QC duplicate sampling. Samples are tracked by 
chain-of-custody procecdures to maintain traceability. 
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