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This report documents remedial actions performed at the Albany 

Research Center (ARC) in Albany, Oregon (Figure 1-l), which is 

owned by the U.S. Department of Interior and operated by the U.S. 

Bureau of Mines, Work was performed under the Formerly Utilized 

Sites Remedial Action Program (F'USRAP), a U . S .  Department of Energy 

( W E )  program instituted in 1974 to identify and clean up or 

otherwise control sites where resiaual radioactive contamination 

remains from activities carried out under contract to the Manhattan 

Engineer District and the Atomic Energy ~obission (AEC) during the 

early years of the nation's atomic energy program. In 1978, 

Congress added ARC to the list of FUSRAP sites because of the type 

of commercial operations performed there. Bechtel National, Inc. 

(BNI), the project management contractor (PMC), represented DOE in 

the planning, management, and implementation of this PUSRAP 

remedial action. Oak Ridge Associated Universities was the 

independent verification contractor (IVC). 

ARC is located on the 17-ha (42-acre) site of the former Albany 

College. The ARC property is rectangularly shaped and is bounded 

on the north by Queen Avenue, on the east by Liberty Street, on the 

south by a tennis club, and on the west by Broadway Street. 

Figure 1-2 depicts a plan view of the site. 

The site includes three main areas: ARC proper, which consists 

of 31 buildings in the northern and central portions of the site; a 

0.8-ha (2-acre) area that once contained a biomass research 

facility (decommissioned) in the southern portion: and an open area 

identified as the "Back Forty," which occupies approximately 5.7 ha 

(14 acres) at the southern end of the facility. 

Phase I of the remedial action project was conducted in 1987 

and 1988, and a post-remedial action report describing this work 

was published in 1989 (BNI 1989a). Subsequent radiological survey 

data indicated that additional remedial action was necessary; this 

formed the basis for Phase I1 work. In Phase 11, radioactive 
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Figure 1-1 
Location of the Albany Research Center 



Figure 1-2 
Plan View of ARC 



contamination was removed from 5 exterior areas and from portions 

of 15 buildings at ARC during the 1990-91 remedial action. 

This report documents the methods used to determine the extent 

of contamination, the type of remedial action performed during 

Phase 11, guidelines used in performing this remedial action, final 

excavation limits and depths, and post-remedial action data on the 

current radiological status of the property. 

ARC was established in 1943 to investigate innovative 

approaches for developing strategic mineral resources in the United 

States, reducing costs for metallurgical m&nufacturing processes, 

developing materials to reduce corrosion, and conducting other 

metallurgical research. 

Various operations involving radioactive materials were 

conducted at ARC. From 1948 to 1956, the U.S. Bureau of Mines 

conducted work for AEC that involved melting, machining, welding, 

and alloying thorium. Additional work with uranium and thorium was 

conducted for the Energy Research and Development Administration 

(ERDA) and others involving radioactive materials that resulted in 

contamination of buildings not subject to FUSFtAP responsibility. 

At various times while work was being conducted on AEC and ERDA 

contracts with the Bureau of Mines (1948 to 1978), process 

buildings and surrounding areas were decontaminated to ARC, ERDA, 

and DOE cleanup guidelines in effect at those times. Those 

guidelines were not as stringent as those in effect when the 

contract work at ARC was terminated, and the records relating to 

the decontamination efforts were not adequate to determine whether 

the buildings and surrounding areas met the current W E  

radiological cleanup guidelines. Therefore, in 1978 a radiological 

assessment of ARC was initiated. The assessment determined that 

although the levels of contamination at ARC did not pose an 

immediate health hazard, further decontamination of the property 

was advisable (ANL 1983). 



In early 1984, a more detailed radiological survey was 

conducted at ARC to determine actual levels of radioactivity in 

each area that had been identified previously as being contaminated 

and to define the exact boundaries of contamination. This survey 

revealed that approximately 1,988 m3 (2,600 yd3) of contaminated 

material would require removal from the A R C  site to comply with DOE 

remedial action guidelines. A report documenting an evaluation of 

remedial action alternatives for the site was issued in June 1985 

(BNI 1985). This evaluation included decontamination of buildings, 

excavation of contaminated soil, backfilling and seeding of 
excavated areas, and transportation of much of the waste, soil, and 

rubble for disposal at the DOE Hanford Reservation in Richland, 

Washington. Phase I of remedial action wa's initiated in 1987 to 
decontaminate most of the areas at ARC that required remediation 

under FUSRW. Surveys conducted after 1987 identified additional 

areas of radioactive contamination exceeding DOE remedial action 

guidelines, primarily in building areas that had not been 

previously surveyed under PUSRAP. Further characterization to 

delineate the boundaries of contamination and subsequent remedial 

action (Phase 11) was initiated in August 1990 and completed in 

April 1991. This report provides information on the status of ARC 

after completion of the 1990-91 remedial action effort. 



Radioactive contamination at ARC consisted primarily of 

thorium-232; however, uranium-238 was found in association with 

thorium-232 at varying ratios in several areas. Table 2-1 lists 

the W E  residual contamination guidelines for unrestricted release 

of formerly contaminated property (DOE 1990) ; Table 2-2 lists 

supplemental guidelines for areas where uranium-238 was the primary 

contaminant. DOE adopted these guidelines based on their 

compatibility with Enviranmental Protection Agency (EPA) criteria 

in 40 CFR 192 for remedial action (DOE 1986). 

The remedial action guidelines used at ARC for thorium-232 in 

soil were 5 pCi/g averaged over the first 1 5  cm (6 in.) of soil 

below the surface and 15 pCi/g averaged over any 15-cm- (6-in.-) 

thick soil layer below the first layer. These guidelines were 

applied to thorium-232 concentrations in soil after background 

concentrations were subtracted. 

There are no generic DOE guidelines for uranium in soil. At 

ARC, characterization data indicated that uranium-238 and 

radium-226 were in secular equilibrium; therefore, compliance with 

the remedial action guideline for radium in soil (which was the 

same as that for thorium-232) ensured that the concentration of 

residual uranium-238 is also acceptably low (DOE 1986). For this 

reason, a separate site-specific guideline for uranium was not 

calculated. 

Remedial action guidelines for surface contamination at ARC 

varied depending upon the primary contaminant. For areas where 

thorium-232 was the primary contaminant, the remedial action 

guidelines were 1,000 dpm/100 d average and 3,000 dpm/100 cmz 
maximum for fixed contamination, and 200 dpm/100 cd for removable 

contamination. For areas where natural uranium-238 was the primary 

contaminant gut was associated at varying ratios with thorium-232, 

supplemental guidelines for fixed contamination were used. 

Table 2-2 shows the supplemental guidelines agreed upon between the 

PMC and DOE for these areas. The average and maximum beta-gamma 

radiation levels associated with surface contamination were not to 



TABLE 2-1 
SUMMARY OF RESIDUAL CONTAMlNATlON GUIDELINES 

BASK: DOSE LIMITS 

The basic limit for Me annual radiation dose (excludiw radon) received by an M u a l  member of the general 
puMi  is 100 mmrru'yr. In implementing thk limn, DOE applies as low as reasonable achievable principles to set 
site-speciflc guidelines. 

SOIL G U I D E L M  

Other Radionudldes 

8 d l ~ ~ ) * b w r ~ ~ ~  

5 pCVg when avwa@%j over ths f i rd l5  an of mil b d w  
the surf-; 15 pWg rrhar a v e m  wsr my 15an-thiik 
sdl  layer below the surf- layer. 

Soit guidsliw wiH be calwlatej on a s#sapsciflc 
beds uahg ihe W E  m w l -  for this uw. 

Gene& gublhea for -tratbns of a i b m  radon decay p m d a  shall appty to edst[ng ocwpled or 
habiteble atrudures on privats property that has no raddogical mdctions on iE8 stnxhrss that will tm 
demdlshed or krried am excLded. The a p p l i i  gawk guideline (40 CFR 192) is: In any occup(ed or 
habitable buldlng, the obJective of remedial action shaU be, and reason* elfal shall be made to a c h i ,  
an annual (or equivalen8) radm &cay produa caroentrnlion (including beckground) not to exceed 
0.02 WL~.  In any case, the radon decay product wncentratbn ( W n g  background) shall nol exceed 
0.03 WL. Remedial a5b-t~ are not required in order to comply wlth mis guideline when *re is reasonable 
a s s u r m  that reskiual radoactive matera am not tha cause. 

External Gamma R.dbtion 

The average level of gamma redlatlon inslde a building or habitable structure on a slte that has no r a d i i b g d  
restridions on its we shall not exceed the badaground level bv more than 20 u R ~  and wlll comotv wlth me . . 
basic dose l imb  when an appropriatsuse sceneirio is consideied. 

U-Natural, U-235, U-238, and associated decay products 5,000 a 15,000 a 1,000 a 

btagamma 9mitte.r~ (radionudides with decay 5.000B-T 15,OoDB-y 1,ODDe-y 
modes other than alpha mission or spontaneous 
fission) e m p t  Sr-gO and others noted above' 



TABLE 2-1 
(CONTINUED) 

%ese guidelines take into ecmunt inglpwth of radium226 Irun thorium-230 and of radium-228 from lhorium-232, 
and assume secular equilbrlum. If either tholfum-290 and radlum-226 or thorium-292 and radium-ps are both 
present, not in secular equlibrkm, the guidelines apply to the hlgher concsnfratbn. If other mbmlres of 
m d l r m c l i i  occur, the wncen t ra t i i  of individual radionudides shal be reduced sa that (1) the dose for the 
rn'ktures will nol exceed the bask dose limit, or (2) the sum of ratios d the soil ccncemat'ion of each radionuclie 
to the albwable lbnlt lor that radionudide will not exceed 1 WM'f). 

"These guidelines represent a l l w e  residal ccnwntrations above -round averaged acmss any i5m- th ick  
layer lo any depth and over any contiguous 100.M svrfaoe area. 

'lf the average concentratkn in any surlaca w b e l ~ u W  a m  less than w epral to 25 mP exceeds the 
authorized lbnl or p u W h  by a f&m d (1 DO/A)V: where A is the area of the elevated regbn in s q u m  meters, 
limb for 'hot *' shall also be applicable. Pmcedurea for dadd i r rp  t h w  ho4 .pot hk, lvhii depend on the 
exlent d the slsMtsd bcal mmentratbm, am @ven in ihe W E  Mwwd for lmpbmenthg Rssidud RaBoaclive 
M.teri& Guidelime, DWCHIBBO/. In sddltion, ewy rsasonPMe e M  shell ba rmde lo re- any source of 
rsdlonudide thal e*oseda 30 timsa ths appropriale hit for dl, inaapsctive d the aversge camxdmlion in h soil. 

d~ working level (WL) is any aunblnah of 6hrI-lived radon decay produds in I liter d sir that WH mull in the 
u h l e  emlseion of 1.3 x 1W MeV of polentiad alpha energy. 

'AS used in Ws table, apm (diintsg- per mhute) roans ihe he d emis&m by radlowtlw rna(erlal as 
deter&& by conedlnp the counts per mlnute measured by an appropriate detector for beckglMnd, el'k+Mw, 
and gem& factors aseDclated wiih the instrumentation. 

'Where surlece cartsmhatlon by b& alpha- and bet.-gamma-emlltlng radlonudldes enlsts, the h l t s  established for 
alpha- and bete-gamma-ernlttlng rediudldes sharld apply hdependently. 

%hsmments d s v v  cxxltMnlnaIbn should not be averaged over an area d more then 1 d. Fcr objects d 
bss wrfaoe area, the averege should be derived fa each such cqect. 

%w average and manimurn doee rates assdatsd with subface contaminabion resulting from betagamma emitters 
should not exceed 0.2 mradm and 1.0 rnradh, respedively, at a depth of 1 an. 

h e  n-mjrnum cantemhation level applies to an area d not more than 100 c ~ .  

he amount of re- radiottcttve material per 1 W cm' d s u b  area should be determined by M p i q  an area 
of that size wlth dry fiter or d l  abmtmi paper, a o M n g  moderate pcessure. and rneasudna the amount of 
r a d i m d h  material on the wpe wlth an appmprbte.In&ru-mnt of k m  efticbncy. When rekwabb cartamination 
m obieds d wrfaca area less then 100 anP is d e t e M ,  the actlviiy per unit area should be based on the 
actuai area and the entire surtace should be vped. ll is not nec&.to use wiping tehnlques to measure 
removable antarnhalim w s  i f  drect scan sumvs lndcale that total residual sulfaoe cotamlnatim I d s  are 
within the limits for removaMe wntaminalbn. 

"GuideUnes for theae r a d i a x l c l i i  are not given in DOE Order 5400.5; however, these guldelires are arnsidared 
a p p l i b 3  mtil @J&mcE is prwided. 

I This category of ~ad i iud ides inckdes mlxed fission products, Muding the SI-90 which is present in them. It 
does rat apptj to SrgO which has been %parated from the other fission products or mimres where the Sr-W has 
been enrich&. 



Table 2-2 

Bupplemental Guidelines for Selected Areas 

at ARC 

Average 
Total 

Contaminationn 
Building Area (dpm/lOO cm2) 

Lab 10 (floor) 

Lab 10 (other) 

Attic 

Attic 

Fab. room 

First floor 

Lime pit walls 

Forklift 

'Areas containing removable contamination were 
to meet thorium-232 criteria (200 dpm/100cd). 

b ~ o i l  containing thorium at concentrations of less 
than 5 pCi/g and polychlorinated biphenyls at 
less than 1 ppm was mixed with clean topsoil fill 
and placed back into the pit. 

'This guideline was used for any contamination 
found within tfie top 15 cm (6 in.) of the walls; 
the criteria for any contamination below 15 cm 
(6 in.) was the soil guideline for residual 
thorium-232 (15 pCi/g). 



exceed 0.2 and 1.0 mrad/h, respectively, at a depth of 1 cm 

(0.4 in.) (see Table 2-1). 

During the remedial action work, a few areas were identified as 

being extremely difficult and expensive to clean up and yet 

representing little or no risk to human health and the environment. 

A hazard assessment was performed to justify that any residual 

contamination above t h e , W E  cleanup guidelines remaining after 

remedial action was completed would not pose a significant risk 

(BNI 1991). Several other areas found to be contaminated were not 

decontaminata, at the request of ARC representatives, due to the 

possibility of future recontamination. These areas included the 

baghouse, piping, centrifuge, and collection drum east of 

Building 23; a 25-cm 0 - n )  pipe originating on the west side of 

the crusher room in Building 23; and the conical mill located in 

the crusher room in Building 23. 



3.0 =MEDIAL ACTION 

3.1 CLEANUP/DECOHTAlIIHATIOM ACTIVITIEB 

3efore initiation of the remedial action in 1990, the site was 

resurveyed to more accurately define the boundaries of 

contamination in designated and additional areas. Five exterior 

areas and 15 buildings identified as being contaminated were 

cleaned up to meet current DOE remedial action criteria and 

restored. As remediation and restoration work was being completed, 

measurements were taken w i t h  a pressurized ionization chamber 

(PIC), direct contact beta-gamma measurements were taken with a 

Geiger-Mueller counter, and direct contact'alpha measurements were 

taken with an AC-3 alpha scintillation detector to confirm that the 

remediated areas met the cleanup guidelines. 

A variety of techniques were used to perform the 

cleanup/decontamination work: these techniques are surmaarized in 

Table 3-1. Following decontasination, most areas and equipment 

were restored to their original or similar condition. For example, 

if contaminated cabinets or shelves had to be removed and disposed 

of, they were typically replaced with similar items. In a few 

instances, it was determined that replacement or restoration of 

items was not necessary: these exceptions are noted in this 

section. 

3.1.1 Exterior Areas 

The background radiation level in asphalt was established by 

taking direct beta-gamma readings on asphalt in several locations 

throughout Albany. These measurements were averaged to establish a 

background radiation level of 17 cpm. This background value was 

subtracted from all measurements taken on asphalt in the exterior 

areas. 



Table 3-1 

cleanup/~econtamiliation Techniques 

Technique Description 

Hand wiping 

vacuuming 

Wire brushing/ 
grinding 

Using needle gun 

Scabbl ing 

Small areas or equipment that had loose dirt, 
dust, greasy film, etc., were wiped with a dry 
cloth or a cloth wetted with a detergent 
solution to remove the loose surface 
contamination. 

Large areas, items, and pieces of equipment 
(e.g., floors, shelves, cabinets, rafters) that 
had large amounts of dust in or on them were 
vacuumed with a high-efficiency particulate 
air- (HEPA-) filterad vacuum to remove the 
loose surface contamination. 

Hard, nonporous surfaces (e.g., steel plate, 
pipes, equipment) could often be decontaminated 
by using a wire brush to remove loosely 
adherent dirt, scale, rust, etc. A power hand 
grinder was used to remove the surface layer of 
more adherent contamination. 

The needle gun is a hand-held device with 
abrasive needles that abrade a surface; it is 
used on hard surfaces where wire brushing or 
grinding is not practical. 

Reciprocating pistons on the scabbler head were 
used to break up the surface layers of concrete 
or asphalt so that loose material could be 
vacuumed. 

Jackhammering A conventional jackhammer was used to remove 
larger layers or chunks of concrete and 
asphalt. 

Planing 

Excavation 

A conventional table-top or hand-held wood 
planer was used to remove the surface layer of 
wood. 

Contaminated concrete, asphalt, and soil were 
removed from exterior areas by using backhoes 
and shovels. 



Exterior Area 1 

Area 1 is an asphalt and concrete parking lot south of 

Building 30 and southwest of Building 31 (Figure 3-1). During 

characterization between Phase I and Phase 11, radioactive 

contamination at concentrations above remedial action guidelines 

was found in samples from boreholes 4 and 5. The thorium-232 

concentrations in these two samples were 16 and 26 pCi/g, 

respectively. Contamination extended from the top surface of the 

asphalt to a soil depth of approximately 15 cm (6 in.). The area 

was remediated by renoving approximately 1.5 m3 (2 yd3) of 

contaminated soil, asphalt, and concrete from the parking lot. 

Area 2, known as the lime pit area, is the largest, most 

complex exterior area remediated at ARC. It is east of Building 31 

and adjacent to a concrete loading dock (Figure 3-2). The pit 

contains three concrete chambers and is approximately 2.2 by 6.5 m 

(6 by 18 ft) in area and 3 m (10 ft) deep (Figure 3-3).   he‘ pit 
was used to segregate heavy metals from waste residue; however, 

characterization did not indicate the presence of heavy metals or 

any residual contamination covered by the Resource Conservation and 

Recovery Act. The soil in the pit contained thorium-232 at an 

average concentration of 32 pCi/g and polychlorinated biphenyls 

(PCBs) at levels of up to 2,625 ppm. Because of the potential 

volume [approximately 23 m3 (800 ft3)j and location of soil 

containing PCB-contaminated radioactive waste, remedial action was 

performed in accordance with Toxic Substances Control Act (TSCA) 

regulations, which require that wastes containing PCBs at 

concentrations greater than or equal to 50 ppm be handled in 

accordance with 40 CFR Part 761. As required under TSCA, DOE 

notified EPA, which issued a PCB waste storage identification 

number for the eventual shipping and disposal of the waste. 

To fully characterize the extent of PCB contamination within 

the lime pit, an onsite gas chromatograph (GC) (Figure 3-4) wqs 

used to analyze samples for PCBs using the Modified Spittler method 
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Figure 3-1 
Remediated Areas at Exterior Area 1 (Parking Lot) 





Figure 3-3 
Photograph Showing Chambers of Lime Pit 



Figure 3-4 
Photograph Showing Gas Chromatograph for PCB Analysis 



(Spittler 1984). Approximately 10 percent of the soil samples 

collected were divided so that an aliquot could be sent to the 

offsite contract laboratory for analysis to confirm the data 

obtained from the onsite GC. The correlation of the onsite GC data 

and laboratory data is illustrated in Figure 3-5. 

PCB levels ranged from less than 1 ppm to 2,625 ppm and 

averaged 315 ppm. The soil excavated from the lime pit also 

contained thorium-232 at concentrations of 0.9 to 43.6 pCi/g (with 

an average concentration of 32 pCi/g), radium-226 at 0.5 to 

1.6 pCi/g, and uranium-238 at 1.8 to 5.8 pCi/g (BNI 1989b). 

Approximately 23 m3 (800 ft3) of soil was excavated from the 

lime pit and a small area adjacent to the pit, including 12 m3 

(420 ft3) of PCB-contaminated soil and 9. 5'm3 (330 ft3) of mixed 

PCB-contaminated radioactive soil. 

The interior walls and floors of the pit were scabbled until 

the PCB levels were below 50 pg/100 cm2. [The EPA guideline for 

PCB-contaminated surfaces is 100 pg/100 cma (40 CFR 761).] During 

both remedial action and post-remedial action surveys, cotton gauze 

was dipped in an appropriate solvent and used as a swipe material 

for determining surface contamination; the swipes were then 

analyzed using the GC. The walls of the pit were not restored 

because ARC has no plans to return the lime pit to active use. 

Waste containing only radioactive contamination was placed into 

low-specific-activity (LSA) containers and transported to the 

Hanford Reservation for disposal. PCB-contaminated radioactive 

waste was placed in 208-L (55-gal) Deparhent of Transportation 

(DOT) 17-C drums. Three drums were placed in each of 42 LSA boxes 

and stored in a weather-protected, secure area onsite (Figure 3-6), 

pending acceptance of the waste for disposal by Hanford. A label 

identifying the level of PCBs in the waste was placed on each drum, 

as required by Hanford. Table 3-2 provides the individual drum 

inventory, including PCB levels and contents. 

Post-remedial action soil samples were collected to ensure that 

all contamination was remediated to remedial action guidelines. 

Analytical results of these samples showed an average thorium-232 

concentration of 2.4 pCi/g. The maximum uranium-238, radium-226, 

and thorium-232 levels were 11.2, 1.9, and 8.3 pCi/g, respectively. 
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Figure 3-5 
Correlation of PCB Data Using CLP Analysis Versus 

Onsite Analysis at the Albany Research Center 
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T a b l e  3-2 

PCB D r m  Inventory 

Pnae 1 o f  2 

D r m  PCB6 D a t e  
Yunber (ppn) Packaged D r u m  C o n t e n t s  <% Volume) 

P -002  
P -014  
P -018  
P -020  
P -025  
P -026  
P-027 
P -028  
P-029 
P - 0 3 0  
P-031 
P -032  
P - 0 3 3  
P -034  
P -035  
P -036  
P - 0 3 7  
P - 0 3 8  
P - 0 3 9  
P - 0 4 0  
P - 0 4 1  
P - 0 4 4  
P -045  
P - 0 4 6  
P - 0 4 7  
P - 0 4 8  
P - 0 4 9  
P - 0 5 0  
P - 0 5 1  
P -052  
P -053  
P -054  
P -055  
P - 056  
P -057 
P - 058  
P - 0 5 9  
P - 060 
P - 0 6 1  
P - 062 
P - 063 
P -064  
P - 065 
P - 0 6 6  
P - 067  
P - 068  
P - 069  
P -070  
P - 0 7 1  
P - 089  
P - 090 
P - 091 
P - 092 
P - 093 
P - 094 
P -095  
P - 096  
P - 0 9 7  
P -098  
P - O W  
P-100  
P.101 
P -102  
P.103 
P.104 

SOIL (50%). GRAVEL (50%) 
GRkVEL (45%). SOIL C50%), 
GRAVEL (45%). SOIL (50%),  
GRAVEL (45%). SOIL (50%), 
GRAVEL (45%). SOlL (50%),  
GRAVEL (45%). SOIL (50%),  
GRAVEL (45%). SOlL (50%). 
GRAVEL (45%). SOlL (50%),  
GRAVEL (45%). SOlL (50x1, 
GRAVEL (45%). SOlL (50%). 
GRAVEL (45%). ao1L (50%). 
GRAVEL (45%). SOIL (50%), 
GRAVEL (45%). SOIL (50%), 
PRAVEL (45%). SOIL (50%). 
GRAVEL (45%). SOlL ( %), Y GRAVEL (18%). SOIL ( 0%). 
GRAVEL (18%). SOIL (70%). 
GRAVEL (?8%), SOlL (70%). 
GRAVEL (18%). SOIL (70%). 
GRAVEL (18%). SOlL (70%). 
S R A V ~ L  (18%). SOlL (70%). 
GRAVEL (10%). SOlL  (90%) 
GRAVEL (10%). SOIL (90%) 
GRAVEL (50%). SOlL (90%) 
PRAVEL (10%). SOlL (90%) 
GRAVEL (10%). SOIL (90%) 
GRAVEL {lox), SOIL cvox) 
GRAVEL (10%). SOIL (90%) 
GRAVEL (10%). SOlL (90%) 
GRAVEL ( lo%) ,  SOIL (80%). 
GRAVEL (10%). SOlL (80%). 
GRAVEL (10%). SOlL (80%). 
GRAVEL I IO%>,  SOlL (80%). 
GRAVEL ( l o % > ,  SOIL (80%). 
GRAVEL ( l o % > ,  SOIL (80%). 
GRAVEL I IOX) .  SOIL (80%). 
GRAVEL ( l o % ) ,  SOlL (80%). 
SOIL ,(95%), RAGS (5%) 
SOlL (95%). PLASTIC (5%) 
SOlL (95%). PLASTIC (5%) 
SOIL (95%). PLASTIC (5%) 
SOlL (95%). PLASTIC (5%) 
SOlL (95%). PLASTlC (5%) 
SOIL (95%). PLASTIC (5%) 
SOlL (95%). PLASTlC (5%) 
SOlL (95%). PLASTIC (5%) 

SOlL (90%). CONCRETE 

PLASTIC 
P L A S ~  IC 
PLASTIC 
PLASTIC 
PLASTIC 
PLASTIC 
PLASTIC 
PLASI IC 
PLASI IC 
PLASTIC 
PLASI tC 
PLASTIC 
PLASI IC 
PLASTIC 
PLASTIC 
PLAST1C 
PLIST I C 
PLASTIC 
PLASTIC 
PLASTIC 

PLASTIC 
PLAST 1 C 
PLAST 1 C 
PLASTl C 
PLASTIC 
PLAST 1 C 
PLASTIC 
PLASTIC 

SOlL (90%): CONCRETE (10%) 
SOIL IVOX); CONCRETE i i o x )  
SOlL (90%). CONCRETE (10%) 
SOlL (90%). CONCRETE (10%) 
SOlL (POX), CONCRETE (10%) 
SOIL (98%). PLASTIC (2%) 
SOIL (98%). PLASTIC (2%) 
SOlL <Pa%), PLASTIC (2%) 
SOlL (98%).  PLASTIC ( 2 X l  
SOIL &.xi; PLASTIC i z x )  
SOIL (Pax),  PLASTIC (2%) 
SOIL (98%). PtASTIC (2%) 
SOIL (90%). RAGS (5%).  P l a s t i c  (5%) 
SOIL (90%). RAGS (5%). P l a s t i c  (5%) 



O r m  PCBs o a t e  
N m b e r  (PPR) P a c k a g e d  D r u m  C o n t e n t s  (% v o l u m e )  

UYKYOUY 
UYKYOUY 
UYKYOUY 
UYKYOUY 
UUKYOUY 
UYKYOUY 
UYKYOUY 
UYKYOUY 
UYKYOUY 
UYKYOUN 
UYKYOUY 
UYKYOUN 
UYKNOUY 
UYKNOUY 
UYKNOUN 
UYKNOUN 

SOIL  (POX), RAGS (2%). PROTECTIVE CLOTHING (8%) 
SOIL  (100%) 
s o t .  (100%)  
SOIL  (POX), RAGS (ZX), PROTECTIVE CLOTHING (8%) 
S o l .  (90%).  RAGS (2%). PROTECTIVE CLOTHING (8%) 
SOIL   POX^: RAGS (2%;: PROTECTIVE CLOTHIWG (8x1 

i p s % ) ;  RAGS (5%) 
SOIL  t 1 O M )  
SOIL t 9 8 X 1 ,  PLASTIC (2%) 
SOIL  t 1 O M )  
SOtL  (100%) 
SOIL  t 1 0 0 X I  
SOIL (95%);  PROTECTIVE CLOTH I Y G  (5%) 
SOIL  t 1 0 O X )  
SOIL  t 1 0 0 X )  
W I L  (100%)  
SOIC (100%) 
SOtL  1100%) 
SOIL  t10ML) 
SOIL  l l O M l  
EoiL ilooxi 
SOIL  t10M) 
SOIL  ( E X ) ,  PROTECTIVE CLOTHING ( 5 % )  
SOIL  (100%) 
SOIL  (100%) 
SOIL  ( loox) 
SOIL i ioox i  
SOIL ( l o rn )  
SOIL  (98%). PLASTIC (2%) 
SOIL  (POX), RAGS (2%). PROTECTIVE CLOTHIYG ( 8 % )  
PLASTIC ( 4 0 % ) .  COYCRETE (60%)  
PLASTIC (40%). COYCRETE (60%)  
GRAVEL (18%). S O I L  (70%). PLASTIC CZX), M O D  (10%)  
COYCRETE (POX), PROTECTIVE CLOTHING (10%)  
COYCRETE 150%). YOOD (30%).  PROTECTIVE CLOTHING 120%) 

. . -~ . ,  - .  ... 
COYCRETE (80%) .  YOOD ((OX), PROTECTIVE CLOTHIhC (10%)  
CONCRETE (BOX). UOOD (10%). PLASTIC <IO%) 
CONCRETE (BOX), WOOD (10%). PROTECTIVE CLOTHlhC (10%)  

COYCRETE (TSX); ASPHALT (15X>.  SOIC ( 7 0 % )  
COYCRETE 180%): SOIL  I Z O X l  
p ~ o r ~ c r i v ~ ~ c ~ o i n ~ ~ ~  (i5z); SOIL (85%)  
COYCRETE (80%). SOIL  CZOX) 
P . I l l P  1 0 5 Y \  P I I S T I C  < 5 Y I  - - . - . . - . . , , . - . . - . - - . - . - , 
SOIL  (POX), PROTECTIVE CLOTHING (8%). MISC (2%) 
VACUUM DEBRIS (80%). PROTECTIVE CLOTHING (20%) 
PROTECTIVE CLOTHI Y G ~  (30%). PLASTIC (90%)  

. . . . . . . . . .. .- -.-. . - ~ ~ ~ 

. ~ .  ~. 
UYKNOJN 0 4 / 2 6 / 9 1  u&I (50%), PLASTIC ( 5 0 % )  
UMKNOJN 0 4 / 2 6 / 9 1  MOOD (50%).  PLASTIC (50%) 
UYKNOJN 0 4 / 2 6 / 9 1  UOOD (50%).  PLASTIC (50%) 
UYI(N0JN 0 4 / 2 6 / 9 1  UOOO (50%).  PLASTIC (50%) 
UYKNOUN 0 4 / 2 6 / 9 1  UDOD (50%): PLASTIC (50%) 
UYKNOUN 0 4 / 2 6 / 9 1  UOOD (50%); PLASTIC (50%) 
UYKNOUN 0 4 / 2 6 / 9 1  U W O  (50%), PLASTIC (50%) 

4 6 1  0 4 / 2 9 / 9 1  GLASS (ZOX), SOIL  (80%) 
4 6 1  0 4 / 2 9 / 9 1  GLASS CZOX), SOIL  (80%) 

i n k s  u e r e  r e p a c k a g e d  i n  2 0 8 - L  ( 5 5 - g a l )  drum on 03/08/91.  
c o n t a i n  m a t e r i a l s  u s e d  d u r i n g  d e m o b i l i z a t i o n  a n d  c l e a n u p .  
c o n t a i n  s a m p l e s  e x t r a c t e d  f r a m  o t h e r  d r u m s  f o r  a n a l y s i s  o f  drum c o n t e n t s .  



The remaining soil excavated from the lime pit that had thorium 

concentrations of less than 15 pCi/g and PCB levels of less than 

50 ppm was used as backfill in other non-PCB-contaminated areas 

where more than 15 cm (6 in.) of soil had been excavated; these 

areas were subsequently covered with 15 cm (6 in.) of 

uncontaminated topsoil. Soil with combined radionuclide 

concentrations at less than 5 pCi/g and PCBs at less than 1 ppm was 

mixed with clean topsoil fill and placed back into the lime pit. 

Exterior Araa 3 

Area 3 contained two areas with radioactive contamination: one 

west of Building 27 and one beneath ~uildi'ng 27 (Figure 3-7). 

The area west of Building 27 consisted of concrete, soil, and 

asphalt. Radioactive contamination was limited to an area of 

approximately 1 by 1 m (3 by 3 ft) and a depth of 0.3 m (1 ft). 

Thorium-232 concentrations in smples collected from boreholes in 

this area before remedial action ranged from 17 to 53 pCi/g. The 

area was remediated by using a jackhammer and shovel to remove 

contaminated asphalt and soil [approximately 0.5 m3 (18 ft3)]; this 

material was placed in LSA containers. 

In 1989, remedial action was conducted beneath Building 27; 

however, additional contamination was discovered during later 

surveys. Thorium-232 was found at concentrations-of up to 

21 pCi/g. Remedial action was performed by using small hand-held 

shovels and scooping the contaminated soil [approximately 0.06 m3 

(2 ft3)] into large plastic bags that were placed in LSA 

containers. 

Enterior mea 4 

Area 4 is an asphalt parking lot east of Building 27 

(Figure 3-a), with contamination only on the surface of the 

asphalt. The contaminated area [approximately 46 m2 (500 ft2)] was 

remediated by scabbling the asphalt surface and removing the 

debris. 



Figure 3-7 
Remediated Areas at Exterior Area 3 
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Figure 3-8 
Remediated Areas at Exterior Area 4 (Parking Lot) 
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Exterior Area 5 

Area 5 is an open asphalt parking lot south of Building 5 

(Figure 3-9). Direct contact beta-gamma measurements and a 

subsurface soil sample were taken to determine whether the asphalt 

surface area and/or soil exceeded remedial action guidelines. The 

beta-gamma measurements ranged from 493 to 1,384 dpm/100 cm2 after 

the background level was subtracted. The asphalt containing 

contamination exceeding the remedial aation guidelines [an area of 

approximately 93 m2 (1,000 ft2)] was remediated by scabbling and 

jackhammering. Based on direct beta-gamma measurements, 

approximately 0.03 m3 (1 ft3) of contaminated soil was also removed 

from the area under the contaminated asphait. 

3.1.2 Buildings 

The first step in undertaking remedial action in the buildings 

was to perform radiological surveys to confirm and delineate the 

exact boundaries of contamination. A strategy and work plan were 

developed and, as remediation work progressed, additional 

radiological surveys were continuously performed to determine which 

areas and equipment met cleanup guidelines and which ones required 

additional cleanup. 

Contaminated areas and items within 15 buildings at ARC were 

remediated during the Phase I1 remedial action. Figures 3-10 

through 3-26 identify these areas and items, show their locations, 

and indicate the types of remedial action conducted. 

The contaminated materials and equipment generated during the 

building decontamination work were packaged in LSA boxes having a 

total volume of 127 m3 (4,500 ft3) and subsequently shipped to 

Hanford for disposal. 

A hazard- assessment was conducted for seven areas and items in 

Buildings 23 and 30 (BNI 1991). Four were in Building 23: 

(1) contaminated pipes and sumps in the floor beneath the southwest 

stairway to the basement, (2) the main collection drain in the 

basement, (3) trenches 1, 2, and 18 in Laboratories 1 and 2, and 

(4) the drain in the transformer room. The remaining three items 
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Remediated Areas in Building 5 
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Remediated Areas in Building 17 
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Remediated Areas in Building 24 
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Remediated Areas in Building 26 
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Remediated Areas in Building 28 



Figure 3-21 
Remediated Areas in Building 28 Basement 
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Remediated Areas in Building 33 
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Remediated Areas in Building 34 



covered by the hazard assessment were pieces of equipment in 

Building 30: (1) the hydraulic press, (2) the Baldwin press, and 

(3) the Lindberg furnace. The hazard assessment provides a 

detailed description of each of these contaminated areas or items 

as well as an evaluation of the potential radiation dose to workers 

from them. Calculations show that potential present or future 

exposure to residual radioactive contamination in these areas would 

be well below the DOE standard (100 mrem/yr) for protection of the 

general public. 

3.2 CONTAMIIPLLTIOII COMTltOL DURING =DIAL ACTION 

During remedial action at ARC, several'methods of contamination 

control were implemented to protect workers and the public from 

exposure to radiation and to prevent the spread of radioactive 

contamination. The radiation dose rates at ARC were very low, and 

the primary personnel exposure pathway was from airborne 

contamination that could be inhaled or ingested. 

All personnel working in contaminated areas were required to 

wear disposable coveralls, safety glasses, rubber boots, and 

gloves. Additional protective clothing and equipment such as hoods 

and respirators were used in areas where there was a possibility of 

exposure to airborne contaminants. 

Workers leaving radiologica$ly restricted work areas were 

monitored at the control point with a hand-held detector by a 

health physics technician to ensure that they were not contaminated 

and to prevent the spread of contamination to a clean area. If 

large portions of their disposable protective clothing were 

contaminated, the clothing was disposed of. If only small areas of 

the clothing were contaminated, those areas were cut out and 

disposed of to minimize the amount of radioactive waste generated. 

Because spread of contaminated dust particles was a significant 

concern during all radiological work at ARC, measures were taken to 

control airborne contamination. 

I n  interior building areas that were being scabbled, 

jackhammered, and treated with a wire brush or needle gun, plastic 

sheeting tents were used to prevent the spread of airborne 



particulates. High-efficiency particulate air (HEPA) filtering 

units were used inside the tents to create a negative air pressure 

environment and to filter the air. 
During remediation of exterior work areas, contamination 

control techniques included the use of containment tents and light 

wetting of soils to prevent the spread of dust. Where practical 

and necessary (i.e., around the lime pit), large plastic 

containment tents were built around the contaminated work areas, 

and I-IBPA-filtered vacuum/blower units were used to keep dust from 

migrating outside of the containment area. In smaller areas (i.e., 

Areas 1, 2, 4, and 5), plastic sheeting was placed around the 

contaminated area, and a field technician held a portable 

HEPA-filtered vacuum over the immediate wok& area. 

During remedial action activities that had the potential for 

generating airborne contamination, particulate air monitoring 

devices were placed near the work area to provide continuous air 

monitoring and to ensure that contamination was not being spread 

outside the work area. All concentrations of airborne contaminants 

were conpared to the DOE guideline of 1.0 x 10-l2 pCi/ml for 
thorium-232. General area measurements ranged from 5.05 x lo-" to 
3.19 x 10-l2 #bCi/ml and averaged 5.73 x 10-l4 ~.rCi/ml. The single 

sample that exceeded the guideline was not of concern as it was in 

an enclosed attic of Building 17 and was for a duration of less 

than 9 h. Measurements from lapel pins worn by the workers ranged 

from 8.41 x lo-" to 3.78 x lo-" pCi/ml and averaged 
8.58 x lo-'' pCi/ml. In all cases where lapel pin measurements 

exceeded guidelines, workers were wearing protective equipment, 

including masks. 



4.0 POST-REMEDIAL ACTIOH HEASUItEIIEWl!B 

The PMC conducted preliminary radiological surveys as remedial 

actions were being completed. After remediation, the independent 

verification contractor conducted radiological surveys to verify 

that remediated areas contained no radioactivity exceeding DOE 

guidelines. These surveys included direct surface measurements and 

soil smples taken and analyzed from outsicfe areas and beta-gamma 

and alpha measurements taken inside the buildings with portable 

Eberline AC-3 alpha scintillation and Geiger-Mueller detectors. 

Exposure rates in exterior areas and inside buildings were 

determined using a PIC. 

Walkover gamma radiation scans were conducted to determine 

whether all soil that was radioactively contaminated in excess of 

W E  remedial action guidelines had been removed from the remediated 

areas. The technician held the radiation detector a few 

centimeters above the ground surface and slowly moved it over the 

ground while walking over the excavated areas. The advantage of 

the walkover survey is that the detector quickly scans the areas as 

the excavation proceeds, thereby providing immediate results. If 

residual contamination appeared to exceed remedial action 

guidelines, additional excavation was performed; the area was then 

scanned again. After gamma scanning indicated successful 

remediation, soil samples were collected for laboratory analysis to 

verify that the cleanup objectives had been met. 

Soil sampling was the primary method used in exterior areas to 

confirm that all radioactive contamination exceeding DOE remedial 

action guidelines had been removed. Soil samples were collected at 

grid intervais of 2 rn (6 ft) in each excavated area and composited 

to provide samples representative of a 100-m2 (1,080-ftZ) area. 

Analytical results for soil samples taken after remediation 

indicate that no radioactivity in excess of DOE remedial action 

guidelines remains in the excavated areas. Table 4-1 provides the 

results of the samples taken [from depths greater than 15 cm 



(6 in.). These results include background levels, which are 

1.0 pCi/g for thorium-232, 0.8 pCi/g for radium-226, and 1.6 pCi/g 

for total uranium (uranium-238 accounts for 48.9 percent by 

activity of the total, or 0.8 pCi/g). 

Radiation exposure rate measurements were taken using a PIC at 

1 m (3 it) above the ground surface in remedlated areas; 

measurement locations are shown in Figures 3-1, 3-2, and 3-6 

through 3-25. The average background exposure rate for the Albany 

area was 11.4 pR/h. General area PIC measurements and the 

resulting exposure rates are presented in Table 4-2; all exposure 

rates include background. If a member of the public were to 

receive this exposure rate for one year, tfie total dose would not 

exceed the DOE dose limit of 100 mrem/yr above background . 

Remediated areas in the buildings at ARC were surveyed to 

determine whether DOE residual surface contamination guidelines had 

been met. Direct contact beta-gamma measurements were taken with a 

Geiger-Mueller counter, and direct contact alpha measurements were 

taken with an AC-3 alpha scintillation detector. Where physical 

features permitted, an average of two to five measurements were 

taken in 1- by 1-11 (3- by 3-ft) squares. At a minimum, removable 

alpha and beta-gamma contamination was measured in locations that 

exhibited direct measurements above guidelines for renovable 

contamination. Removable alpha and beta/gamuaa activity was 

determined by wiping a 100-cmz (16-in.2) area with an absorbent 

medium (filter paper) and measuring the emissions from the paper. 

All post-remedial action direct-contact radiation measurements in 

the buildings were well below the DOE surface contamination 

guidelines listed in Table 2-1 and site-specific adjusted 

guidelines listed in Table 2-2. Direct-contact and removable 

radiation measurements are presented in Table 4-3. 

As part of the post-remedial action verification survey, PIC 

measurements were taken in each remediated area to ensure that the 

exposure rates are below the DOE residual contamination guideline 



Table 4 - 1  

Analytical Results for Soil 

Following Remedial Action 

Depth Concentrationn (~Ci/s f 2 0 )  
Area (ft) Uranium-238 Radium-226 Thorium-232 

Area 1 0 - 0.5 
0 - 1  

Area 2 0 - 6 
2 
2 

0 - 3 
0 - 3 

1 
0 

0 - 6 

Area 3 

Area 4 0 - 0.5  

Area 5 0 - 0.5 

'Resu.lts include background values of 0.8 pCi/g for radium-226, 
1.0 pCi/g for thorium-232, and 1.6 pCi/g for total uranium 
(0.8 pCi/g for uranium-238). 



Tabla 4-2 

PIC Measurements in Exterior weas 
Following Remedial Action 

Measurement Exposure Rateb 
Locationn (PR/h) 

Area 1 

Area 2 

N 2 4  E 5  

N 7 0  E 5  

N 5 5  3 7  

E 07 N 2 4  

E 11 N 2 4  

E 1 9  N 2 4  

Area 3 

Center of excavation 10.6 

Area 4 7.5 

Area 5 8.8 

%rid coordinates and measurement locations are shown 
in Figures 3-1, 3-2, and 3-7 through 3-9. 

b~xposure rates include a background value of 
11.4 pR/h. 



Table 4-3 

P o s t - M i a 1  A c t i o n  S u r f a o e  A c t i v i t y  MQ-tsm 

Fixed Removable 
Loca t ion  Average Minimum ~ a x i m u d  Average Minimum ~ a r i m d  

Lime Pit 71 
Bu i ld ing  3 34 
Bui ld ing  4 04 
Bu i ld ing  5 43 
Bu i ld ing  17 162 
Bu i ld ing  23 43 
Bu i ld ing  24 51 
Bui ld ing  25 47 
Bu i ld ing  26 40 
Bu i ld ing  27 3 1  
Bu i ld ing  28 47 
Bu i ld ing  30 38 
Bu i ld ing  31 108 

L h  P i t  916 
Bui ld ing  3 784 
Bu i ld ing  4 651 
Bu i ld ing  5 630 
Bu i ld ing  17 005 
Bu i ld ing  23 629 
Bu i ld ing  24 607 
Bu i ld ing  25 626 
Bu i ld ing  26 549 
Bu i ld ing  27 765 
Bu i ld ing  28 631 
Bu i ld ing  30 548 
Bu i ld ing  31 666 

~ ~ ~- -~ 

'Associated gu ide l i nen  are l o c a t e d  i n  T a b l e s  2-1 and 2-2. 

*he g u i d e l i n e  for maximum a l l owab le  r e e i d u a l  surface contamina t ion  i s  
t h r e e  times t h e  average  g u i d e l i n e .  

qemovable  a c t i v i t y  was not measured i n  Bui ld ing  27. 



of 20 bR/h above background inside structures. Table 4-4 provides 

the gross PIC measurements for all interior remediated areas at ARC 

(shown in Figures 3-10 through 3-26). All levels are well below 

the W E  guideline. 



Table 4-4 

P I C  Heaelrremants Fn Buildings Fol lmlng M i a 1  A c t i o n  

Location within Expomure e ate^ 
Building NO.. Room/Area Room/Area l*/h) 

306 
119 

101 
101 
102 
102 
103 
103 

103 
105 
105 
106 
206 

Machine  hop 

10-A 
Open storage 

2nd f loor  

Att ic  

Storage room 

Crusher room 

storage 2 

N s ide 
Center 

Center of SW corner 
Center of lm corner 
S side 
n side 
s side 
II side 

Cente r  of trench 
E trench 
W trench 
Osnter 
S wall 

E end 
Osnter 
Metal storage rarm 
Plumbing .hop 
S of plumbing shop 

NW corner 
S trench W end 
S trench E end 
N trench W end 
N trench E end 
W end 
N center 
S center 
% end 
NW corner 
SW corner 
W end 
Cente r  
W center 

N side 
S aide 
Rbove N 
H wall 
Basement tunnel 
W aide 
Center 
NE 



Location within Exposure ~ a t d  
Building NO: Room/Area Room/Rrea ( ( I R / ~ )  

Baeement 

L a b  1 

Att ic  

tunnel SE side 
Elevator shaft 
MW corner 
N center 
BB cornmr 
813 corner 
SE cornmr 
E center 
Thorium room 

N center , 
8 e e r  
8 center 
Nw corner 
ME c o r m r  by sink 
center 
South wall by panel 
SE corner 
MW corner 
SW corner 

South end Canter 
SW corner 
MW corner 
W end canter 

1st f loor  taw corner 
smelter rwm SW corner 

SE center 
NE center 

103 Center of W side 

Basement N4 E8 
W10 EB 
N4 El6 
N10 El6 
N4 E21 
N10 E24 
H4 E32 
W 1 0  E32 
M4 E40 
N10 E40 
Center 



Table 4-4 

(continued) 

Paae 3 of 3 

Location within Expomure e ate^ 
Building No.' Room/Area Room/Area ( P R / ~ )  

15 

Lab 3 

S center 
M s ide 
Hallway 
Center 

Center 
Center 
center 
Cente r  

Fabrication sw c o r n ~ r  
NW corner 
SE corner 
rn corner 

Machine shop N-xt to Baldwin 
press 

3 Canter 
2 center 
Att ic  s and 

A end 

104 next t o  remediated 
area 

103 Next t o  remediated 
area 

Next t o  pedestal 

'PIC maaeureslent locations in  buildings a re  ahown i n  Figures 3-10 through 3-26. 

bExpoaure r a t e  Lncludes a background value of 11.4 p / b .  



5.0 POST--DIAL ACTIOH 8 T A m 8  

Analytical results from post-remedial action radiological 

surveys indicate that the levels of residual radioactivity in areas 

identified at ARC during the 1989 and 1990 characterizations are in 

compliance with applicable DOE cleanup guidelines for radioactive 

contamination. The IVC reviewed the post-remedial action survey 

results, measurement procedures, and quality assurance data to 

determine whether the meaeurements obtained verify that these areas 

comply with the established DOE guidelines for the site. 

The IVC conducted both type A and type B verification reviews 

as specified in its verification plan. Type A verification 

consisted of reviewing the post-remedial aktion survey results and 

included collecting and analyzing additional samples as necessary. 

The type B verification review consisted of a survey of the site 

that included direct measurements, review of the post-remedial 

action survey methods and results, sampling, and laboratory 

analyses of soil samples. The findings and recommendations of the 

verification study have been transmitted to WE-Headquarters and 

the DOE Oak Ridge Field Office (ORAU 1991a, 1991b, 1991~). 

If radiological conditions at the site are determined to be in 

compliance with the DOE decontamination criteria and standards 

developed to protect health, safety, and the environment, DOE will 

certify the site as being appropriate for future use without 

radiological restrictions. 
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I Alpha-emitting - See Radiation. 

Background Radiation - Background radiation refers to naturally 
occurring radiation emitted from either cosmic (e.g., from the sun) 

or terrestrial (e.g., from the earth) sources. Exposure to this 

type of radiation is unavoidable, an6 its Level varies greatly 

depending on geographic location. For example, New Jersey 

typically receives 100 milliroentgen per year (mR/yr), Colorado 

receives about 300 mR/yr, and some areas in South America receive 

up to 7,000 mR/yr. Naturally occurring terrestrial radionuclides 

include uranium, radium, potassium, and thbrium (see Radionuclide) . 
The dose levels do not include the concentrations of naturally 

occurring radon inside buildings. 

Beta-gamma-enitting - See Radiation. 

Cantimeter - A centimeter (cm) is a metric unit of measurement for 
length; 1 inch is equal to 2.54 cm; 1 foot is equal to 

approximately 30 cm. 

Contamination - contamination is used generally to mean a 
concentration of one or more ragioactive materials that exceeds 

naturally occurring levels. Contamination may or may not exceed 

the DOE cleanup guidelines. 

Count6 per minute - A count per minute (cpm) is the unit of 
measurement registered by a radiation detection instrument when 

radiation imparts its energy within the sensitive range of the 

detector probe. The number of counts registered per minute can be 

related to the number of disintegrations per minute occurring as a 

radioactive material decays. 



Disintegrations per minute - Disintegrations per minute (dpm) is 
the measurement indicating the amount of radiation being released 

from a substance per minute. See Picoaurie. 

Dose - As used in this report, dose is actually dose equivalent and 
is used to relate absorbed dose (mad) to an effect on the body. 

Dose is measured in mrem. For comparison, a dose of 500,000 mrem 

to the whole body within a short time causes death in 50 percent of 

the people who receive it; a dose of 5,000,000 mrem may be 

delivered to a cancerous tumor during radiation treatment; normal 

background radiation results in an annual dose of about 100 mrem: 

DOE radiation protection standards limit the dose that may be 

received by members of the general public'to 100 mrem/yr above 

background levels. 

Exposure rate - Exposure rate is the rate at which radiation 
imparts energy to the air. Exposure is typically measured in 

microroentgens (pR), and exposure rate is typically expressed as 

pR/h. The dose to the whole body can be approximated by 

multiplying the exposure rate by the number of hours of exposure. 

For example, if an individual were exposed to gamma raaliation at a 

rate of 20 pR/h for 168 h/week (continuous exposure) for 

52 weeks/yr, the whole-body dose would be 170 mrem. 

Gamma Radiation - See Radiation. 

Gram - A gram (g) is a metric unit of weight. There are 454 g in 

1 pound and 28 g in 1 ounce. 

Meter - A meter (m) is a metric unit of length; 1 m is equal to 
approximately 39 inches. 

Microroentgen - A microroentgen (pR)  is a unit used to measure 

radiation exposure. For further information, see Exposure rate. 



H i l l i r e m  - The millirem (mrem) is the unit used to measure 
radiation dose to man. The DOE dose limit is 100 mrem above 

background radiation levels within any one-year period for members 

of the general public. Naturally occurring radioactive substances 

in the ground result in a yearly exposure of about 100 mrem to each 

member of the population. To date, no difference can be detected 

in the health of population groups exposed to 100 mrem/yr above 

background and in the health of groups who are not exposed. 

Picocurim - A picocurie (pci) is a unit of measure for 
radioactivity, just as an ounce is a unit to measure weight. A 

measurement of 1 pCi equals 2.22 dpm. 

Udiation - There are three primary types of radiation: alpha, 
beta, and gamma. Alpha radiation travels less than an inch in air 

before it stops and cannot penetrate the outer layers of human 

skin. Beta radiation can penetrate the outer layers of skin but 

cannot reach the internal organs. Gamma radiation, the most 

penetrating type, can usually reach the internal organs. 

Radionuclide - Radioactive elements are also referred to as 
radionuclides. For example, uranium-235 is a radionuclide, 

uranium-238 is another, thorium-232 is another, and so on. 

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

Remedial action - Remedial action is a general term used to mean 
"cleanup of contamination that exceeds W E  guidelines." It refers 

to any action required so that a property can be certified as being 

in compliance with guidelines and can therefore be released for 

future use. In practice, this may require removing grass and soil, 

cutting trees, and removing asphalt. Remedial action also includes 

restoring remediated properties to their original conditions 

insofar as possible. 



secular equilibrium - This is radioactive equilibrium in which the 
parent and all the daughters in the decay chain have the same 

activity. 

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

from 3 to 9 percent thorium oxide. The principal use of thorium to 

date has been in the manufacture of gas lantern mantles because 

thorium oxide burns with a brilliant white light. Thorium oxide is 

also commonly found in high-quality glasses and camera lenses 

because of its good optical characteristics. 

Uranium - Uranium is a naturally occurring'radioactive element. 

The principal use of uranium when refined is for the production of 

fuel for nuclear reactors. Uranium in its natural form is not 

suitable for use as a fuel source. 
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