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1.0 FOR CY 199Q . 

‘his report summarizes the mvirommtal status of Fermi National Accelerator Laboratory (Fermilab) for 

calendar Year 1990 (CY-1990). It includes descriptions of the Fermilab mission, the status of compliance with 

applicable envimmnental mgalations, plamting and activities to accomplii ccmpliance, and a comprehensive review of 

environmental surveillance, monitoring, and protection programs. 

1.1 

Throughout its development, the Fennilab facility has exhibited a concern for protection of the environment. 

This has led to a philosophy of respecting environmental protection concerns at all stages of design and operation. 

Pamilab continues to be operated in compliance with DOE orders and other Federal, State and local envimnmental laws 
and regulations. These include the Comprehensive Environmental Response., Compensation, and Liability Act 

(CERCLA), the Clean Air Act (CAA). the Clean Water Act (CWA). the Resource Conservation and Recovery Act 

(RCRA), the Safe Drinking Water Act (SDWA), the Toxic Substances Control Act (TSCA). and the National 

!% vironmental Policy Act @EPA), the Federal Insecticide, Fungicide, and Rodenticide Act (FlFRA), the Endangered 

Species Act (ESA). the National Histcric preservation Act (NIlPA), Executive Order 11988 “Flood Plain Management” 

and Executive Order 11990 “pmtection of Wetlands.” Accelerates operations have traditionally caused relatively little 

impact on the mvironment. Fermilab’s radiological and nonualiological effluents and emissions are well within 

applicable standards. Specifically with respect to the CU. the offsite dose equivalent due to airborne radionuclide 

emissions sod the monitoring thereof are in compliance with 40 CFR 61, Subpart H. Fermilab continues to be operated 

in compliance with these laws and regulations. ‘Ihem were no abnormal occurmnces which had sn impact on the facility 

and its opcmtions in CT-1990. 

1.2 n 

Monitoring and surveillance are critical elements of an effective en vironmental protection program. Fennilab 

has cstablisbed and implemented comprehensive environmental monitoring and surveillance pmgmms that ensure 

compliance with legal and regulatory requirements imposed by Federal, State, and local agencies andthat provide for the 

measurement and interpretation of the impact of Fermilab cperations on the public and the environment The 

surveillance and monitoring activities are selected to be responsive to both routine and potential releases of penetrating 

radiation and liquid or airbane effiuents. 
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As a result of opcraticu of the accekrattx, some airbne rddionuclides are r&.ascd ftom the target stations in the 

expcrimenralareasandattbeAntiprotonSoutceuxdtofxoducetheantipromns. DuringCY-199Oatotaiof78Curies 

(2.9 X 1012 Bq) were released front the vent stacks in these arcas. “C, 13N, 38Cl. 39C1 and 41Ar have been identifted 

in these aidmoe emissions (Bu89) msulting in a maximum dose equivalent at the site boundary due tc airlxxne 

radioactivity of 0.031 mrem (3.1 X lo4 mSv) en the east side of the site. 

1.3.2 

othcrsolM%sofionizin g radiation due to accelerator operations are due to cperation of the fued target 

experimental areas. These operarioos produce ioniziig radiation in the fcrm of muons. The maximum effective dose 

equivalent at the Fermilab site bundary for CY-1990 was determined to be 16 nnem (0.16 mSv) near the northeast 

comerofthesiteduetoiheoperationsoftheMWbeamlineinIheMesonArea Atthispointthesitebounbyisa 

signiticant distance away from the nearest residence. At the location of the neatest residence exposed tc muons from this 

beamline, the maximum effective dose equivalent is 8.2 mrem (8.2 X UP2 mSv). The NM beam in the Neutrino Area 

delivered 2.8 nnem at the site boundary to a different location also near the northeast corner of the site. All other 

beamlines delivered less than 2 mrem to various locations. (See Section 5.2 for mote details.) llte measurem ents which 

form the basis of this assessment of effective dose equivalent also include the use of detectors sensitive to neutrons. Nt? 

neutron fields of environmental significance were identified during CY-1990 operations. 

Themaximumsitebou&rydoseratc(fenceline assuming 24 hr/day expose) from the m&active mate&I 

storedat the Radbead (Fig. 1) was 1.1 nuem (1.1 X lo5 mSv) for CY-1990. The Raikad is closer to the site 

boundary than is the neareat house, making the actaal maximum radiation exposure to an individual offsite much lower. 

‘Ibe maximum individual pctentiai radiation exposure due to mdiation from the Railhead was 0.2 mrcm (2 X 1O-3 r.lSv) 

during CY-1990. 

‘he total pcteutialmdiation exposure to the general offsite popuUion from bperations during CY-1990 was 

8.0 person-rem (8.0 X W2 person-Sv) (l-able 10). This is higher man the estimate of 1.9 person-rem (1.9 X 10e2 

person-Sv) far CY-1989 due to the operations of the acceleratcr in the fixed target mode with the accompanyiug 

prcduction of mucus. Since the expcsure te the offsite pcpulation is only from penetrating mdiauon and short-lived 

airbome radionuclidcs. the 50 year dose commitment from opcmticns in CY-1990 will be the same as the effective dose 

equivalent nxxived in CY-1990 repcrud here. 
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1.3.3 

The offsite release of tritium (3H) in surface water totaled approximately 2Q%i mCi (7.5 X lOlo Bq), compared 

with 908 mCi (3.4 X lOlo Bq) in cl-1989 (Co90). (See a more detailed explanation in Section 5.4.3.) The increase 

was the result of more water from reportable discharges leaving the site during CY-19%. Water left tk site via the 

KressCreekspillwayfor74%oftheyearincY-199ocomparedwith61%theyeatbef~ Theprimarysourceof 

tritimn in water reaching Cafey’s Frond firom drainage ditches in the Research Area was tritiated water discharging ti’om an 

underdraiosystembeneathatargetandbeamdumpsystem. Thetarg~wastheprimmytargetintheNeutrinoArea The 

target received moat of the protons accelerated by Fermilab. After the CY-1982 operating pericd ended, the target was 

moved to a new location with a different underdrain system. Thus, the tritiom released in CY-1990 was essentially fran 

operations before CY-1983. 

A summary of offsite releases of radioactive effluents in CY-1990 is given in Table 1. 

Release Point Radionwli& 

Target Stations “c, 13N. 41Ar 
Debonding- 3H 
KISS Creek Spillway 3H 

Pathway 

Air 
Air 

Water 

Releasein 
(ci) m 
78 2.9 X 1012 

0.0018 6.7 X 10’ 
2.024 7.5 x 10’0 

1.3.4 Grnundwater 

Radioactivationofsoilcanoccurinsomeareasofbeamtatgetsanddumps. Sampksofgroundwateraretaken 

routinely fixun wells onsite. There has been no measmable accelerator-prod& radioactivity in these wells. Monitoring 

wells installed to allow sampling of the vadose zone in localized areas of soil activation have shown small but 

measurable tritium levels. 

. . 1.4.1 Airborne 

operatins permits have been obtained fu all applicable somces of airbome emissior~. operations are reviewed 

atleastannuallytoerwrethatpermiuedequipnentcontinuestooperateandbemaintainedin aLxa7bxwitllpermit 

ccnditions. Fermilab is not a huge somce of air pollutants. Air pollution permits at Fermilab set conditiona for open 

bumingandlimitson amountsofniuogenoxidesthatcanbeemined~boileTsandontotalorganicemissionsfroma 

fre4m degreaxr. There have been oo known instances of nonmpliance emissions. 
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1.4.2 

Current Fermilab operations result in a discharge of cooling, storm, and certain treated waters to the surface 

waters on site. Fermilab does not currently have a NPDES permit but is in the process of investigating these onsite 

discharges so that a permit application can be completed Samples of water are taken annually from selected surface 

waters onsite and analyzed for trace metals, various organics. and PH. These parameters were selected as improbable, yet 

possible, comaminsnts originating from various sources onsite. (See Table 2.) 

1.4.3 Grollndwater 

Public water systems supplied by three onsite wells were monitored for bacterial and chemical contaminants as 

required in the qdations and rules of the Thinois Department of Public Health (IDPH) and Illinoii Environmental 

Ptotection Agency (EPA) regarding public water systems. All results showed the drinking water supplies to be in 

complianux. 

Samples from wells used to monitor for chromates in an old perforated pipe field yielded measmable levels of 

chromium. Concemrations were below the maximum concentration limits set established for drinking water in the Safe 

Drinking Water Act (SDWA). 

The Petmilab facility consists of a series of proton accelerators which became operational in 1972, producing 

higher energy protons than any other accelerator in the world. Tbe primary purpose of the installation is fundamental 

research in high-energy physics. 

2.2 

As a result of accelerator improvements, the original design energy of 200 GeV (billion electron volts) was 

gnxiually raid and opemtion at 400 GeV was routine between 1976 and 1982 using conventional magnets. In 1982. a 

ring of supemonducting magnets became operational which doubled the. particle energy to 800 GeV. Up to 1986 thii 

research was performed by extracting protons kotn the final accelemtcr, the Tevatron. These protons were dim-&d onto 

fmed targets after being extracted fiom the superconducting synchrotron. Colliding beam studies, collisions of protons 

and antiprotons each having 900 GeV, were conducted for the fmt time in 1987. These collisions are detected at four 

locations inside the Tevatron. Cancer patients are treated using neutrons released by the intmactions of 66 MeV protons 

fromtheLinacOinearaccelerator),the~dstageoftheseriesofaccelerators. 
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Chemical Analysis of Kress Creek 
CY-1990 

cleneduse Ktwscreek Kresscreek lcresscreek lcresscreek Fox River 
Standanis on-site on-site Off-Site off-site illflOW 

(a) l/90 9m l/W 9l90 9/90 

Chromium. 
total 1.0 

Chromium. 
hexavalent 0.05 

&z. 
0.02 

0.025 
iron 

Ii-‘: Lead 
l:o -ganese 

Niikel 
Silver ob;Ils 

i.0 
EE 0 

PCB-1016 - 
PCB-1221 - 
PCB-1232 - 
PCB-1242 - 
F’CB-1248 - 
F’CB-1254 - 
PCB-1260 - 

(L%) 6.5-9.0 
NA = MI available. 

0.016 0.011 0.008 0.005 0.007 

4.01 co.01 co.01 <O.Ol CO.01 
co.01 co.01 co.01 <O.Ol CO.01 

cO.cQl 0.009 0.001 co.oo2 <o.otz 
O-26 0.72 0.48 0.75 0.92 
0.05 X0.04 *0.04 CO.04 co.04 
0.14 0.08 0.04 0.05 0.06 

4.01 co.01 <O.Ol <O.Ol CO.01 
dOO5 0.007 co.005 dMO5 co.005 
0.014 0.017 0.007 0.016 0.090 

2 cl 5 <l 2 
co.001 <O.ool <O.ool <O.ool <O.ool 
<o.oo 1 X0.001 caoo1 co.001 co.001 
-CO.001 dCil1 <0.001 CO.001 <O.OOl 
CO.001 <o.oOl co.001 <O.OOl ccl.001 
CQ.001 co.col KO.001 CO.001 CO.001 
SO.001 co.001 CO.001 CO.001 <o.OOl 
do01 CO.001 CO.001 CO.001 CO.001 

7.72 7.59 7.78 7.60 7.70 

(a) Standards are from State of Illinois Rules and Regulations. Title 35: Envhmrmntd Rotdon, Subtitle C: Water 
Pdution, Chapta I: Pollution Control Board, Part 302: Water Quality Standah, Subpart B: General Use Water 
Quay stasldalds. 

(b) Section 302.203 from (a) above: 
“Waters of the State ddl be free born unnatural sludge or bottom deposits, floating debris, visible oil...” 



When the proton beam is extracted for fued target physics fkom the 2 km (1.2 mile) diameter main accelemtor. 

the~aredeliveredtothreedifferentexperimentalareasonsite. ThesearetheMeson.Neuhino.andProton 

Lahomtories lowed in the Research Area (Fig. 1). These three sreas received proton beams for the fvst time in 1972 

when extraction of protons fmm the acceleratcx was achieved. For colliding beam studies, antiprotons are produced by 

extracting 120 GeV protons from the ring of conventional magnets inside the main accelerator tunnel. These protons 

strike a fixed target at the Aatipmton Area (see Fig. 2) and the negatively charged antiprotons are collected Radioactivity 

is pmdd as a result of the interaction of the accelerated pmtons with matter. Opcmtion of the accelerator produces 

some airbome mdioactivity aa well as some radiation which penetrates the shielding material. Also, some mdioactivation 

occursinthewaterusedtocoolbeamcomponentsandinthesoilaroundtheacceleratortunnelandexternalbeamlines. A 

thomugh evaluation has been made of the onsite discharges a9 well as the potential for offsite releases of radioactive and 

nonradioactive effluents. 

2.3 

During CI”-1990. operation of the high-energy accelemtors at Fern&& consisted of a f=ed target run using 

800 GeV hams of protons and antiprotons. This period of operations began in January with an initial period of 

acceleratcz stud&. In February, operations delivering 800 GeV pmtons to the Meson, Neutrino, and Pmton Areas 

began. Simultaneously, 120 GeV protons were delivered to the Antipmton Target to produce antiprotons which are 

collected in a storage ring and used in a special fmed target experiment there. Operations continued in this manner 

through most of August. A short period of accelerator operations also occurred in December 1990. 

2.4 sik.nesrriotinn 

Fermilab is located in Kane aad DuF%ge Counties in the ~TIX& Chicago area (Fig. 3) on a 27.5 km2 

(10.6 mile*) tract of land in an area which is rapidly changing from farming ta residential use. ‘Ike are many 

municipalitks in the vicinity, resulting in a distinct pattern of increasing populabn concentration eastward toward 

Chicago (Fig. 4). 

The land within the site boundary was primarily farmlsnd before the State of lllinois acquired it for the DOE 

Fermilab site. Much of the land, appmximately 6.6 km2 (1623 acres) in CY-1990, has remained in crop production, 

primarily corn. A mtal of 2.7 km* (677 acres) has been planted ia native prairie vegetation to date. The site also 

includfz areas of upland forest floodplain woods. oak savanna, prairie runnat& non-native grasslanQ old fields, 

pastureland. fence rows, and various types of wetlands. la addition to the research -,man-mades&ucturea 

onsite include various administrative, research, storage, and other support facilities. The small village of Weston, 

population 380 at the time the land was acquired for Fermilab. was located on the eastern side of the property (Fig. 1). 

The remaining housing complex now provides residences for visiting scientists. 
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Figure Z- Fermilab Site 
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2.5 

ThetWOllU+~ vironmentalfeahrresnearthe~aretheFoxRivertotheWesSandthewestbranchof 

the DuPage River which passes east of the site (Fig. 3). The Fox River flowed south with an average of 2450 million 

liters (647 million gallons) (as measm-ed at Algonquin, IL) per day from October 1.1989 thrwgh September 30,199O. 

The west branch of the DuPage River flows south at an average rate (near Warrenville) of 281 million litas (74 million 

gallons) per day for the same period through Warrenville (Fig. 3) (Dug 1). The minfall in the vicinity of Fermilab takez~ 

by the Illinois Water Survey during 1990 was 118 cm (46.4 in) @91). The land on the site is relatively flat as a result 

of past glacial action. The highest area, with ao elevation of 24-4 m (800 ft) above mean sea level (MSL) is neat the 

western boundary. l%e lowest point, with an elevation of 218 m (715 ft) above MSL. is toward the southeast. The 

dminage of the sorface water as shown in Fig. 5 is toward the sou&astern canes of the Law. toward the DuPage 

River. A smaller portion drains toward the southwest to Indian Creek and then toward the Fox River. 

2.5.1 

There are several water systems used for cooling magnets and far fire mtiar: The I&saial Cooling Water 

(KY) System ccmskts of Casey’s Pond (Fig. 2) at the end of the Neutrino Beamlii and un&rground mains to fin 

hydrants and spinkler systems thrcughout the Central Labmatory Area and Experimental Areas. Casey’s pond is 

supplied by surface drainage and can be supplied by pumping fi-om the Fox River. The pond holds 68,OOO.ooO liters 

(lS,OOO,GUO gal.). 

The Swan Lake&o&r Pond System (Fig. 2) is used for cooling purposes at the Central Utility Building 

(CVB). Water is pumped from the Booster Pond into a ditch in which it runs by way of a small West pond into Swan 

Lake. ThewateristhenreturnedtotheBoostexPondbyarehlrnditch. WataisalsopumpedfzomSwanLaketoNSI 

Service Building (near G9 in Fig. 6) for cooling pmposes, tirn which it returns by a surface ditch. This system can be 

supplied water from the ICW System and it overflows into Indian Creek (Figs. 2 and 5). 

The Main Ring Pending System consists of a series of interconnecting canals completely encircling the interior 

of the Main Ring with a large reservoir pond inside the Main Ring Ponding System (Fii. 2). This water is used in heat 

exchangers at the service buildings for cooling the Main Ring magnets. The system is gene&y supplied by surface 

drainage, although make-up water can be pmnpcd bcm Casey’s Pond The system overflows into Lake Law (Figs. 2 and 

5). 
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2.6 

On December 22.1986. the Village sewage collection system was connected to the City of Warrenville system 

and has been delivering sewage to the Naperville Springbrook Treatment Plant via that system since then The 

Naperville plant is a modem sewage treatment system with ample capacity. The Main Site sewer system was connected 

to the City of Batavia system June 26.1979, and has been delivering sewage to the Batavia sewage treatment plant since 

that time. The IEPA terminated the NPDES permit for the Village Oxidation Pond on May 12.1987, at the 

Department of Energy’s request 

2.7 

The primary drinking water supply at Fetmilab in CY-1990 was provided by a well pumping from an aquifer 

approximately 70 m (220 ft) deep. This well (w-1 in Fig. 7) is located in the Central L&ommry Area A second well 

(W-3 in Fig. 7) pumps from the same aquifer and supplies water to the Main Site system when demand exceeds the 

capacity of the Central Laboratory welJ (W-l in Fig. 7). Since January 28.1987, the Village system is supplied from 

Warrenville. the neighboring community to the East. A new well (W-5 in Fig. 7). hecame opemtional in November 

1988 to supply water to colliding beams experiment facility at DO. 

The Main Site system is chlorinated at the Central Utility Building when Well I1 is providing water. The 

alternate supply source, Well #3. has its own reservoir and chlorinator. Monthly samples for total coliform per 100 ml 

were sent to JEPA for analysis for both systems. The new system at DO is also a chlorinated system but uses sodium 

hypochlorite rathex than chlorine gas. The chlcaine level in these chlorinated drinking water supplies is tested each 

work&y. The average use from Well #1 and Well #3 combined was approximately 389,113 liters&y (102,804 

gal&y) during CY-1990. Zero violations occurred in CY-1990 for the DO and Main Site supplies. 

. f the !& 

A number of studies have documented the hydrogeologic regime in the vicinity of the FermiJab site (DOE88, 

Pi74. SaS2, Vi85. Vi88). The geology of the Fcrmilah area can be generally characterixed as about 100 feet (30.5 m) of 

glbal till composed primarily of low permeabiity clay that overlies a bedrock of Silurian dolomite (SaS2) and forms a 

bank IO the downward @on of water t&171). There is some Jack of knowledge about the hydraulic properties and 

flow characteaistics of the glacial deposits that he above the dolomite at any given location. This is due to the sporadic 

occurrence of occasional sand and gravel deposits. The glacial deposit regions are most Likely recharged by ponds and 

wetlands. Irreguhr sand and gravel lenses occur across the region (2862). 
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FIGURE 7 
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FIGURE 8 
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bounds& are Batavia (pop. 17,070, Warrenville (pop. 11,333), West Chicago (pop. 14,786). and Aurora ( pop. 

99581). See Fig. 3. The Site En vimnmmtal Report for CY-1991 wiJJ reflect 1990 U.S. Census data. 

3.0 COMPLIANCE SUMMARY 

This summary addmses he status of compliance with applicable reguJations at Fermi National Aceelemtor. 

Clean Air Act - The major Federal Jaw regulating the air emisskms of the Jkpartment of Energy’s (DOE’s) 

pmcesses and facilities is the Clean Air Act (CAA). Under the authority of the CAA the EnvironmentaJ Protection 

Agency (EPA) has established NationaJ Ambient Air Quality Standards (NAAQS) for concennations of the criteria’s 

pohnantsz sulfur dioxides, particulate matter, carbon monoxide. ozone, nitrogen oxides, and Jead. The National 

Emissions Standards for Hazardous Air PoJJutants (NJZSHAF’s) have aLso been estabJJsJ& to controJ emissions of listed 

hazardous air ~MJutants (e.g., radionuclides, asbestos). FermiJab has obtained JJJinois EnvimnmentaJ Protection Agency 

(JEPA) operating permits for both radiologicaJ and non-radiologicaJ emissions sources onsite. FermiJah is not a Jarge 

source of air poJJutants and there were no known instances of noncompJiancx emissions in CY- 1990. 

Clean Water Act - Under the authority of the Clean Water Act (CWA) the EnvimnmentaJ Protection 

Agency (EPA) Jtas JaomuJgared regulations for monhoring Liquid efJlue.nt discharges to surface water bodies and to 

publicly-owned treatmeut systems. Under Section 402 of the Act the National Pollutant Discharge EJimination System 

(NPDES) is established, whereby that agency issues pxmits to facilities that directly dkharge pollutants to the waters of 

the United States. Facilities that discharge to a municipal or publicly-owned wastewater system do not have to obtain a 

NPDES permit but must ensure that industrial discharges remove or IIW aJJ poJJutants that couJd pass through the 

municipal system untreated or could adversely affect the ~xrformance of the municipal system. FetmiJah does not 

currently have a NF’DES pexmit Industrial discharges am characterized and municipal appmvaJ for sewerage is sought 

prior to rekw. Current FermiJab operations result in a discharge of cooling, storm, and certain treated waters to the 

surface waters onsite. The Laboratory is in the pnxess of investigating these oasik discharges and preparing a NPDES 

permit appJicatkm. 

Jn CY-1990 a permit appJicatJon, as rc@red by Section 404 of the CWA due to the JnvoJvement of wetJands, 

was submitted to the Army Corps of JZnginecrs for the pmposed FermiJab Main Jnjxtor project. 

Comprehensive Environmental Response, Compensation and Liability Act of 1980 

(CERCLA)/Superfund Amendments and Reauthorization Act of 1986 (SARA) - The CERCLA/SARA 

1egisJation estabJi&es a program to identify sites where hazardous substances have been released into the envimnment and 

ensures the cleanup of these sites. The intent of CERCLA is to provide for msponse to and cJeanup of envimnmentaJ 
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problems that are not adequately covea-ed by the permit programs of other environmental laws including the CAA, CWA, 

SDWA,andRCRA. CERCLAsitenotilicationhasbeenfiledforhvositesattheLaboratoty: thebk?onHillwhere 

asbestos was dqosited from 1970 to 1980 and the old Main Ring Perfaated PipeField where chromate contamimniat 

associated with cooling tower “bbwdown” txmmhing rim clrolnaDt was dischqcd botn 1974 to 1976. A preliminary 

amessmentreport ontheMainRingperfuaredpipeFieldwsssubmiuedtotheUnitedStates~~~Rotecdon 

Agency (USEPA) in CY- 1990. 

Endangered Species Act and the Fbb and Wildlife Coordinatioo Act - In conjunction with the 

FermilabMain InjectorEn bkonmmtal Ascmsment, field surveys were conducti at the ppowd project site with 

findingsmdicadngnostateorfederallylistedendangeredcr keaknedspeciesofplants.invertebrates,crvertebmmsthat 

would be affected by the poposed consnvction. 

Executive Orders 11988, “Floodplain Management” and 11990, “Protection of Wetlands” - 

Planning for the proposed Fermilab Main Injector, lncated in a floodplain and “wetlands,” has addressed requirements in 

tlx%eor&rs. 

Federal Insecticide, Fungicide, and Rodeoticide Act (FIFRA) - This act applies to storage and 

uscs of herbiiides and pesticicks at Fermilab. In CY-1990 pesticides were handled in accordance with FIFRA. 

The Migratwy Bird Treaty Act - An ornithologist was employed to prepare recommendations and 

precautions for the protection of a great blue heron rookery that exists inside the pmposed Fermilab Main Injector site. 

Although this area would not be directly dktmbed by constrnction activities, these recommendations and precautions 

would ensure that the project would have no significant impact on the heron rookery or on other migratory bii. 

National Environmental Policy Act (NEPA) - NEPA requires that projects with potentially 

significant impacts to the environment be carefully reviewed and reported in documents such as Environmental 

Evaluations (FE@. En vironmental Assessments @As), or Environmental Impact Statements (EISs). Compliance with 

NFPA is achieved by a review prccess that includes cnnsideration of env ironmcntal impact in planning Liboratory 

activities and projects. 

National Historic Preservation Act, Archaeological Resources Protection Act - Compliance 

with these Acts was accomplished through a program of reviewing all pmposed land-disturbing projects to assess 

potential impacts on cultural resources and by continuing efforts to survey dre entire site for new cultuml resomces. 

Phase I archaeological surveillance has been completed for dre entire site. A programmatic agreement for an 

archaeological resources management plan at Fermilab has been approved by the Illinoii State Historic Preservation 

Officer but is still under review by the Advisory Council on Historic Preservation. 

Resource Conservation and Recovery Act of 1976 (RCRA) - RCRA establishes regulatory 

standards for the generation. transportation, stooge. treatmat, and disposal of hazardous waste. Fermilab holds an 
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interim status RCRA permit to operate a kardous waste suxage facility (HWSF) pending approval of a Part B 

application for a RCRA pezmit. Following the removal in 1 l/89 of a leaking gasok &ground storage tank (LUST) 

at30SauL,theIEPArequestedthathydrogeologicalstudiesbecompletedatthesitetodeterminetheextentofsubaPface 

cmtamination. Monitoring weUs were installed and a thatough evaluation has been submitted to the IEPA for review. 

Itisanticipatedthatnof~rsctionwillberequiredandulatclosrrrewillbe~~. TheLaboratoryconlinuesto 

monita otkr undmground storage tanks (USTs) for petroleum releases through monthly inventory contrd me8sLnes and 

annual tank tightness testing. lEPA conducted a RCRA Facility Assessment of Fermilab in March 1990. Fermilab was 

foundtobeinccnnpliancewithther@rementa. 

Safe Drinking Water Act - The Safe Drinking Water Act (SDWA) of 1974 WBS established to provide safe 

drinking water to the public. To comply with this Act the EPA has established National Primary Drinking Water 

Regulations (NPDWR) applicable to public water supplies. These regulations set maximum contaminant levels (MCLs) 

on lx3ctiIogical, chemical, and physical con taminantsthatmayhaveanadverseeffectonccmslnM healthiffoundin 

public water systems. Illinois has obtained primary responsibility for enforcement and adminiseation of nationat SDWA 

regulations by adopting the NPDWRs through the Illinois Environmental Protection Act. Primary responsibiity for the 

drinking water portions of the State Act has been delegated to the IEPA. In Illinois non-transient, non-community wells 

(NTNC) are regulated the Illinois Department of Public Health (IDPH). The two NTNC supplies onsite a regulated by 

lDPH regulations. A satellite supply connected to the City of Wanenvilk public water supply is regulated by the IEPA. 

The three distlibution systems were sampled for bacteriological and chemical contaminants in CY-1990. All nzsults were 

in compliance with regulatory limits. An inteanal audit conducted in October 1990 of onsite public water supplies 

resulted in reaXr1mdati0ns to formally document monitoring requirements. 

Another provision of the SDWA established programs to prevent contamination of underground sources of 

drinking warn by underground injection of contaminated fluids. Fezmilab continues to wte two permitted Class V 

underground injection wells onsite: a septic field at DO and a tile field inside the ?&in Ring for resin regeneration effluent 

containing water, salb trace quantities of heavy medals @rimady copper), and radionuclides Qxincipally Be-7). (See 

Sections 4.5.4 and 55.3 for further discussion.) 

Toxic Substance Control Act (TSCA) - The application of TSCA ~uirements to Fermilab involves 

the regulation of PCBs. During CY-1990 all remaining high voltage PCB capacitots were disposed of offsite. Also in 

CY-1990, in response to the 1987 DOE Survey indicating a possible noncompliance with 40 CFR 761, a thorough 

evaluation was undataken at two of twenty-f- sites around the Main Ring where transformer oil containing 2-5% 

PCB’s was h&o&ally drained onto the ground as part of a sampling procedmz to verify dicktic propsties. Results of 

CY-1990 assessments will be presented to the USEPA along with a request for guidance in clean-up requirements. 

There were no known noncompliances in CY-1990. 
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3.1 

Pastprac~andspillincidentshaveresultedinsomePreasoflocalizedcontaminationwhichareinvan’ous 

stag~of~~~~and~Iean~p. lheseamasamaddressedintheDeQamnentofEuergy’sFiveYcprPlanfar 

Environmental Restoration and Waste Management and include two kahing underground gasohne storage tanks (which 

were moved during CY-1989), small PCB spills at various trausformer/capacit installations, a minmal oil spill from 

aN~non-PCBtransformer,andaclraintilef~ldusedforthedisposalofcodingwatetinwhichchnmateswereused 

asacormkninhibitor. Noneoftheseareasposeanythreattothehealthandsafetyof~publicorsitew~~. 

Evaluations of possible remediation of these areas continues to the present. 

Other sections of this report document continued environmental monitoring efforts and progress in the solution 

of the problems described above. Especially pertinent am efforts to address the recommendations of the DOE 

Environmental Survey which was conducted in September of 1987. Tkteen of the recommendations of the Survey have 

now been acted upon and have ken considered closed out by DOE-CH-ESHD. Efforts at addressing the mmaining seven 

are underway. Also, Fermilab has implemented strengthened procedures to comply with DOE NEPA pmc4ums in its 

reviews of all projects. Efforts to implement the National Historic Preservation Act (NHPA) continued this year. 

3.2 

Fermilab now has 6 air emissions pennits and 2 open burning permits from the Illinois Envircnmental 

Protection Agency and a RCRA interim status from the same agency for its hazardous waste stccage facility. Efforts 

continue to secure a RCRA Part B permit for the hazardous waste storage facility. The RCRA Part B permit application 

was fast submitted on 11/8/88 with revised submittals on 1 l/15/89,6/17/90, and 12/13pO. The next revision is due 

5/3lpl. The air pollution permits cover radionuclide emissions and the operation of 8 boilers used for heating 

buildings, gasoline dispensing tanks, a vapor degreaser, and a grit blaster. The open burn permits cover the conduct of 

prairie burning in connection with land management and the large-scale prairie reconstruction project and of burning 

asscciated with firefighting training. Inspections by IEPA and the USEPA have identified no noncompliances with 

conditions of these permits. 

1 thrw 

Effort3 to ad&c&s environmental protection issues are continuing in CT-1991 including the following: 

Phase I data-gatking and investigation efforts for a NPDES Permit appliion for cooling, storm, and treated 

water discharges onsite were initiated to comply with the CWA. 
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A survey to identify any potential crossConnections between potable and non-potable water supplies onsite was 

initiated to comply with IEPA regu&ms implementing the SDWA. The absence of a fcrmal cross -on cultrol 

program was a deficiency noted in a &cember 1988 IEPA engkering evaluatiat of the Village public water supply. 

AnIEPARCRAinspe&m conducledattheLabin~fhgquarterof199lresultedinoneapparentviolation 

in failure to provide Land Ban notifiEation for each manifested shipment of mineral spirits to a reclamation facility. This 

apparent violation was expeditiously resolved with the IEPA. 

4.0 ENVIRONMENTAL PROGRAM INFORMATION 

4.1 

The National Environmental Policy Act of 1%9, as ame.nded, mandates the Federal Policy to restcre and 

enhance the environment and to attain the widest range of beneficial use without degradation. Since its inception, 

Fermilabhase&voredtopmtectandenhancetheenvimmnen L Forovertenyearsaprairieremnstructionprojecthas 

beeninprogressonthel.57km2(388acre)plocinsi&themainacceleratorring(MainRinginFig.2). lnthepast 

severalyearsmeprairieprojecthasbeenexpsndedtoincludeareasoutsidethering(Fig.2). 7betotaloutsidetberingis 

1.13 hm* (289 BCT~S). A new prairie tract 0.30 cm* (83 acres) was planted in CY-1990. In 1989 Fermilab was 

designated a National Envkonmcntal Research Path (PathNet). 

Inotbereffmstoenhancetheenvimnmen 5farmhousesweremovedfromtheiroriginallocationstoasiteat 

the south end of the Village (Fig. 1) and renovated to provide housing for scientists performing experiments at Fermilab 

rather than abandoned and allowed to deteriaate. Some farm wells were maintained for monikxing and others were 

properly sealed to prevent inadvertent contamination of the aquifer. Ponds and lakes were created to control surke run- 

offandtofxr&lecoolingwaterfortbeacceleratorand expaimmtal arms. Ova 40.000 trees have been planted to 

improve the environment. In addition, strong emphasis has been placed on the control ofchemical and radioactive 

matcxials as potedal sources of envircnmentr4 pollution. Adequak shielding has been provided for preventing exposure 

fbm pemmting radiation. 

The Fermilab environmental and effluent radiological monitoring program follows the gu&nce given in tbe 
. . 

DeparrmentofEnergy(DOE)54OOseriesofOr&rsandintherepcrts~ 
. . eat~(Co81)and- 

(Co83). This includes adherence to the standa& giveninotherexistingDOEorders. TheEnvkonment,Safety,and 

Health Section is the Laboratory orgamxation who is prhmuily responsible far the environmental protection program at 

Fermilab. 
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Emphasis has been placed on potential environmental exposure pathways appmpriate to high-energy physics 

laboratoria. These pathways include external exposure and internal exposure. The external exposure is Tom direct 

penetrating radiation and airborne, short-lived, radionuclides. The internal exposure is horn 3H and 22Na in water, 

primarily potential drinking water. There is one unique characteristic at Fermilab which requires consider&m. That is 

the use of large volumes of sand and gravel in two locations to assist in stopping the high-energy protons and secondary 

particles. Although the groundwater beneath these two areas is protected by membranes impervious to water and by 

underdrain systems designed to collect the water, radiological monitoring of soil and water is carried out to ensure that no 

radioactivity reaches drinking water supplies. (See Sections 5.4 and 5.5.) Monitoring results are also repmted fcq 

nonradioactive pollutants. Included as pollutants are pesticides used in we@ insect, ruder& and algae control. 

4.2 in CU.199Q 

Fermilah perfamed extensive environmental monitoring in CY-1990,on three types of accelerator-produced 

radiation: penetrating, airborne, and waterborne. During this year of operation in the fixed target mode, by far the 

dominant source of penetrating radiation was muons from the experimental areas. -The airborne radionuclides 1 ‘C. 13N, 

3gC1. 3gCl. and 4tAr as well as the waterborne radionuclides 3H (tritium) and 22Na were monitored. For airborne 

effluents continuously operating stack monitors recorded the concentration released from the stacks emitting the 

radioactivity. Surf&e water and groundwater samples were analyzed to determine concentrations of tritium and other 

accelerator-produced mdionucli&s. The fraction of the year the water left the site was determined by weekly inspections 

of the Rress Creek spillway. Additional monitoring for radionuclides in soil and sediment on the site was been done to 

investigate other possible pathways to the offsite environment. 

The data on radioactive effluents was reported to the Department of Energy via the Effluent and On-Site 

Discharge information Systems operated for the Department of Energy by EGLG, Idaho. 

The results during the operations in (X-1990 were in compliance with the applicable standardsineverycase. In 

particular, the highest site boundary penetration radiation level was 13% of the relevant standard in CY-1987.1.6% in 

CY-1988,1.1% in CY-1989. and 16% in CY-1990. Airborne radionuclide concentrations and waterborne concentrations 

were below detection limits. See Section 8.0 for applicable standards. 

Monitoring for bacterial and chemical pollutants in onsite drinking water systems was accomplished in CY- 

1990. Public water supplies were sampled monthly for coliiorm in accordance with the sampling plan submitted to 

IEpk The new required sampling for the 8 volatile organic compounds (VGCs) and the unregulated contaminants was 

also accomplished this year. Results were in compliance with SDWA standards for all the wells sampled 
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The Laboramy performs cdiform tests on unchlorinated well water supplies that service old farmhouses, now 

offices, on the site. When greater than four colonies per 100 ml are found in a sample, the well is chlorinated and 

subsequently retested. No fecal coliform was found in these unchlorinated supplies and thus chlorination of these wells 

was not necessary in CY- 1990. 

4.3 

Table 4 lists environmental permits for Fermilab along with their current issue dates and expiration dates. 

Issuing Agency Type, and No. 
IEF’A-air AppL#86o2oo57 

@PA-air Ap~1.#87110096 

Description 
Gasoline dispensing tanks 

5gaHiredhotwaterboilers 
1 propane-fired boiler 
1 gritblaster 

C-t Issue 
Date Expiration Date 

10/19/90 10/16/95 

l/15/88 1 m4P2 

IEPA-air Appl.#890913071 

IEPA-air Appl.#88010042 

IEPA-air Appl.#7907Ci-I12 

IEPA-air Appl.#89080089 

IEPA-open burn Appl.#B9OlOO89 

IEPA-open burn AppMB9003090 

RCRA IEPA ID.890105010 U. S. 
LD.IL689003tXM 

2 gas-f& hot water boilers 

VapordQP== 

Magna &bonding oven 

Radionuclide emissions from accelerator operations 

Prairie ecological management 

Fire extinguisher training 

Hazardms waste storage facility (part B application 
pending) 

IL Dept of Public Works Permit No. Water intake fmm Fox River 
1117n 

1 lL!Si89 1 mw 

4/14/88 3l31P3 

11/2/89 3/5P4 

10/30/89 8tW94 

1Mwo llnoP1 

4mP1 4f 16P2 

interim StiltUS 

WV69 12/31/09 

Emco Wheaton coaxial vapor recovery systems have been installed on all gasoline dispensing equipment at 

Fermilab under a permit (I.D. No. 043807AAI, Application No. 86020057) issued by the Illinois Environmental 

Protection Agency @EPA). There have been no compliance problems with the systems. 

Fermilab has an LEPA permit (I.D. No. 043887&U, Application No. 87110096) for three natural gas boilers at 

the Central Utility Building (Fig. 2), two natural gas boilers at the Wide Band Lab in the Proton Area (Fig. 2), and one 
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propane gas boiler at Industrial Building #2 in the Industrial Area (Fig. 1). A grit blast operation at Industrial 

Building #2 is also included on the latter permit. 

IEPA has a permit (I.D. No. 043807AAI. Application No. 89090071) (initially issued on November 28.1990. 

to Fermilab) for two natural gas fired hot water boilers, one each at Lab A (Neuuino Area) and the Meson Detector 

Building. These boilers am replacements for existing electric hot water boilers at each facility. 

Fermilab has received a permit (I.D. No. 043807AAI. Application No. 88018042) for operation of a vapor 

degreaxratInduskalBuilding#3intheIndustrialArea 

‘lhe magnet debonding oven has an Illiiois Environmental Protection Agency permit (I.D. No. 043807AAI. 

Application No. 79070012). There have been no cases of noncompliance. 

Fermilab has an IEPA permit (I.D. No. 0898OlAAD. Application No. 89080089) initially issued October 30, 

1989. fcx nxlionuclide emissions associated with accelerator operations. The other source of mdionuclide emissions at 

Fermilab is the debonding oven. This facility debonds failed magnets for repair by decomposing epoxy at a high 

temperature (800°F). A revised IEPA permit (I.D. No. 043807AAI. Application No. 79070012) was issued on 

November 2, 1989. 

Fermilab has an IEPA air pollution control open burning permit (I.D. No. 089801, Application No. B8903024) 

for 200 acres heavy and 100 acres light cover prairie for ecological management A version of this permit was fm 

issued March 14,1989. Burning cccurred in the spring of 1990 on a number of the prairie tracts. Open burning was 

conducted in such a manner as not to create a visibility hazard on roadways, raihoad tracks, or airfields. Other standatd 

conditions for open burniig were also carried out Because of the large size of the Laboratory proper& (6800 acres). the 

smoke from the fm caused IY) offsite problems. 

Also, Fermilab has an IEPA permit (I.D. No. 043807, Application No. B8909039) to allow burning of one 

gallon of motor fuel per session of firefighting instruction. This was initially issued on September 26.1989. 

Fermilab has interim status under the Resource Conservation and Recovery Act (RCRA) (USEPA I.D. No. 

IL,6390030046) to operate a hazardous waste storage facility. This status will continue until the Illinois Environmental 

Protection Agency has approved Fermilab’s Part B application which was submitted in November 1989. The application 

is currently in the techniial review process. The facility is in compliance with the RCRA regulations. Regulated 

chemical wastes are stored in the tkcility as well as a limited amount of radioactive mixed waste. Typical regulated 

chemical wastes are hazardous wastes, polychlorinated biphenyls (PCBs), and used oil The only drum quantity 

radioactive mixed waste (RMW) is 2%m and lead debris from a fue in 1987. Request for permission to dispose of this 
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material has been submitted to DOE. Only wastes generated by Fermilab are stored at the facility awaiting proper 

disposal elsewhere. 

The Lah has a permit from the Illinois Department of Public Works (Permit No. 12170) that allows water to be 

taken from the Fox River for use onsite. 

No permit was needed for the septic field installed near DO (north of W-5 in Fig. 7). It was class&d as a Class 

5W32 injection well in CY-1988. The CUB tile field (Fig. 2) was also classified as a Class 5W20 injection well in CY- 

1988. As mentioned elsewhere in this report, Fermilab is in the process of preparing a sitewide NPDES permit for the 

release of storm, cooling, and txeated water to surface waters onsite. 

4.4 

Tbe Secretary of Energy issued SEN-15-90 in February 1990 which specified increased formality in reviewing 

all DOE actions under provisions of this Jaw. Fermilab has responded to the procedures specified by this SEN by 

implementing a program of reviewing all of its activities at the purchase requisition IeveL Documentation of this 

pmgram was included in the Fermilab Environment Safety and Health Manual (formerly called the FermiJab Safety 

Manual) in January 1991. Formal requests for determinations under Section D of DOE’s procedures as specifkd in the 

Code of Federal Regulations are made under the auspices of the ES&H Section, Before they were phased out on 

September 30,1990, memoranda-tofde (MTF) were issued by DOE for six projects. Three of these were for parking lot 

or hardstand improvements. One was for an unheated storage building constructed on an existing gravel hardstand at the 

Railhead storage arca. The fti was for the construction of a radiation detector calibration building. The sixth MTF 

covered the install&on of survey monuments to provide mom accurate alignment survey reference points. In addition, 16 

categorical exclusion determinations were issued for Fermilab projects by DOE during CY-1990. ‘Ihe Labomtory also 

submitted extensive comments to DOE in an attempt to support the effort to develop a more useful list of categorical 

exclusions. 

4.4.1 

A major NEPA activity being conducted during CY-1990 was the preparation of a draft environmental 

assessment for the proposed Fermilab Main Injector. This project would construct a 150 GeV synchrotron to replace the 

Main Ring. This accelerator would be housed in a separate underground beam enclosure located in the Southwest comer 

of the Fermilab site. A variety of studies of the environment affected by the construction of this accelerator are included 

within the scope of the draft environmental assessment. Other activities related to the envimnmemal protection aspects 

of this pmject which occurred during CY-1990 included the submission of an application for a Section 404 Permit to the 

U.S. Army Corps of Engineers because of the involvement of wetlands and analysis of airborne mdionuclide emissions in 
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ordertopreparerequesuforapprovaltoconshuctunder40CFR61. This assessment also includes a detailed wetlands 

assessment and mitigation plan, archaeological studies, and habitat studies for bii. insects, mammals. amphrbis, and 

reptiles. 

4.5 

4.5.1 

In the early 1970’s Fermilab began a prairie reconstruction project on a 1.57 square km (388 acre) plot inside the 

main accelerator ring. Beginning in 1984 additional plots outside the ring have been planted, resulting in a current total 

of approximately 2.7 square kilometers (677.4 acres) planted in native grasses. 

4.5.2 

Phase I archaeological surveys of both prehistoric and historic cultumf resources have now been completed for 

the entire site @SO). In CY-1990 three new sites were defined and tested while investigating cokctor finds in farm tract 

N-4E. an area to be impacted by the proposed construction of the Fermilab Main Injectcr. Four sites located in prairie 

tract #17 two new and two previously identified, were also investigated as this land was converted to prairie (Bi91). With 

the addition of the five sites identified in CY-1990, the total number of known prehiitoric archaeological areas at 

Fermilab is now 32. 

4.5.3 

The Laboratory has continued its aggressive program to remove large FCB capacitors. As a result the initial 

inventory of over 2COO large ECB capacitors was reduced from 106 to 16 by the end of CY-1989. In order to comply 

with an October 1988 date for polychlorinated biphenyl (PCB) control, Fermilab has removed large BCB capacitors from 

the Booster accelerator tunnel and from the Capacitor Tree adjacent to the Master Substation (northwest corner of 

intersection of Roads A and B in Fig. 1). During CY-1990 the remaining large high voltage PCB capacitors have been 

shipped offsite for disposal in accordance with regulations. 

4.5.4 

The U.S. Department of Energy Environmental Survey for Fermi National Accelerator Laboratcry was 

conducted tiom September 14 to September 25.1987. The putpose of this effort was to identify, via baseline surveys, 

existing environmental problems and areas of environmental risk at Fermilab. This survey was part of a larger effort to 

rank the fmdings on a DOE-wide basis and to establish priorities for addressing the euvironmental problems found. The 

Survey teem consisted of two members from the DOE Headquarters in Washington, D.C.. and seven independent 
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specialists with expertise in dealing with different types of environmental problems. Fermilab continues to semiannually 

submit to DOE a detailed status report called the Environmental Survey Action Plan The major survey action items, 

along with routine waste handliig operations, are incorporated in the DOE’s Five-Year Plan for Environmental 

Restoration and Wwte Management The following summa&es signiticant action in reqonse to this Survey. 

‘he Survey team found that the missing mineral oil from the T82A transformer spill (Ba86) in 1985 could have 

potentially been as high as 22.710 liters (6000 gal.). During the Survey appmximately 475 liters (125 gal.) was located 

in a vault under the Capacitor Tree near the Master Substation. This oil entered the vault by flowing down an open 

electrical cable duct on the transformer pad the night the spill occurred. Oil also is collecting in a sump in an 

underground enclosure about 7.5 m (25 ft) east of the transformer pad The sump collects water near the footings of the 

enclosure about 6 m (28 ft) below the ground surface. In CY-1986 about 190 liters (50 gal.) of oil was collected. In 

CY-1987 about 208 liters (55 gal.) more was collected. In CY-1988.38 liters (10 gal.) was collected. None was 

recovered in CY-1989 or in CY-1990. Monitoring wells have been used to study the rislt of groundwater contamination 

from this source, During 1989, an assessment by an outside consultant was completed It was concluded that this leah 

is an improbable source of groundwater contamination. (See Co9Oa for a more complete dkussion.) 

The Survey team suggested that discharges of chromates (Ba75a) from 1974 to 1976 to the old CUB perforated 

pipe field may be a source of soil and groundwater contamination. In 1988 five shallow (4.6 m or 15 ft) sampling holes 

and two deeper (11.6 m or 38 ft) holes were drilled in the perforated pipe field to search for chromates. The soil samples 

were analyzed for chlorides and total chromium. Sodium chloride from regenemtion of resins has been discharged 

continually into that area since 1972 and provides a good tracer (Ba73). A distinct chloride plume was found showing 

migration along the top of the low permeability clay layer (Yorkville till) toward the southeast The only chromium 

level above background was near the surface and that sample did not have hexavalent chromium above the detection limit 

of 10 mg/kg. One boring hole was made downstream of the chloride plume. Samples from that hole did not contain 

any elevated chromium levels. Thus, there is no evidence for migration of chromates in advance of the chloride plume. 

The holes were cased and water from them will be sampled in the future to monitor for chromates. Surface sampling was 

conducted during (X-1990 by an outside consultant. The EP toxicity test for chromium from a sample inside and 

immediately surrounding the perforated pipe resulted in leachate concentrations of less than 100 micmgram&iter. ‘lhis is 

much less than the 5 milligrams/liter threshold for declaring this material to be hazardous waste, but it would still be 

considered regulated waste. Water sampling from the monitoring wells show concenaations far below the maximum 

given in the Safe Drinking Water Act These studies have concluded tbat the perforated tile field poses no threats or 

significarat groundwater contamination. soil contamination, and sediment contamination. There is also no evidence for 

migration of the chromates. A preliminary assessment documenting these conclusions was submitted to USEPA 

Region 5 on October 24.1990. It is planned to phase out this tile field by sending the effluent tn the City of Batavia 

sewage system. 
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Some PCB spills occurred during removal of the capaEitccs horn the Capacitor Tree and some FCB 

contamination remained from earlier Leaks at the time of the Survey. Cleanup wak was aheady in progress at the time 

0ftheSurvey. Theteamlistedthiscon mmination in their fmdings. The total amount of PCB spilled is estimated to be 

below the reportable quantity of 4.54 kg (10 lbs) (4OCEBa). Three cleanup efforts were made in CY-1988. The 

sampling at the end of each cleanup indicated residuals above the TSCA cleanup criterion of 10 parts per million @pm) 

FCB. During 1989, the fourth cleanup was done. The metal surfaces of the Capacitor Tree have been succemfully 

cleaned and a cmtaminad manhole cover replaced. Sampling results indicate that TSCA cleanup tequitements have been 

met except for the bottom of one of the manholes where some contaminated sludge was found. Cleanup efforts using the 

services of a subcontractor continued in CY-1990 and CY-1991 with progress towards -y meeting the TSCA 

cleanup requhemenm. 

The Survey team alsu identified PCB spills at the locations of transformers at 24 sites around the main 

accelerator. These criginated from small amounts of oil spilled in the course of testing fluid for its di&Xric paperties. 

During CY-1990 an assessment of two such sites was performed to assess the spread of this contamination within the 

framework of a possible cleanup in accord with TSCA requirements. The assessmentdeterminKlFcB-tmtionsin 

soil in excess of 10 ppm to be lo&ii in the gravel hardstand underlying the transformers with little or no peWration 

of the clay on which the hardstands sit. The results of this assessment will be reviewed in CY-1991. 

SoU rzuibactivation has occurred due to prior accelemtor operations near the NO1 and MO1 target areas (Netrhino 

Area and Meson Area primary targets in Fig. 10) and the NW4 beam dump (Neutrino Area Encl. 100 Upstream Dump in 

Fig. 10) as a result of fued target experiments. The Survey team was not satisfied with the chamcmrixabon of the soils 

tmeath the underdrains or the groundwater monitoring systems in use at that time. Nii 450 sampling holes were made 

beneath the target areas and beam dump in CY-1988 and CY-1989 for the purposes of sampling the soil for 3H and 

22Na, searching for a high permeability sand and gravel layer which could shunt radioactivity lamrally away from wells, 

and for sampling the deeper laying aquifer nearby. Monitoring wells for future shallow water sampling at these locations 

were also installed in these holes. (See Fig. 11.) This monitoring program was described mae fully last year (Co90 and 

Co9os). 

‘Ihe soil borings did not find any sand and gravel layer beneath the Neutrino Area primary target which would 

pmvide a mechanism to carry radionuclidcs away horizontally. There was evidence for some sand and gravel aroumf 

elevation218m(715ft)neartheM01targetand~und217m(712ft)neartheNW4beamdumpand~otherplaces 

onsite. There has been no evidence found for a continuous layer which could provide a pathway for the horimntal 

movement of water over large distances. There is also no evidence of downward migration of radionuclides posing a risk 

to gmundwatcr. 
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4.5.5 

During 1989 two underground gasoline storage tanks were removed because they were found to be leaking. One 

wasloc~atSite55andtheotherwasat3oSauL;intheVdlagearea Tbesetanks.andsurroundingcontaminatedsoil. 

were removed and disposed of properly. The Illinois Environmental Protection Agency has approved of fti closure 

plans for the Site 55 excavation. Additional information, requested by IEPA has been submitted to support final closure 

for the LUST at 30 Sat&. Both excavations have been backtilkd to remove general safety haxards to Laboratory 

personnel and to members of the public. 

4.5.6 ParkNet 

There were a total of twelve projects either completed or ongoing under the ParkNe4 pmgiam in 1990. llwe 

projects were all conducted by researchers from institutions other than Fermilab. (See Table 5.) The studies were 

designed to add to tbe baseline data on the Fermilab site, to address land management questions, oc to analyze. mom 

SpecifE ecological questions. ParlrNet continues to cooperate with the Fermilab prairie Committee to determine the 

most apfxopriate management of reconsmrcted prairie areas. 

At the request of DOE-CXER, the Lab agreed to produce a video presentation of the ParkNet sites around the 

country. 

5.0 VIRONMENTALRADIOLOGICAL PRO- 

5.1 

Three types of accelerator-pruduced radiation am monitored: penetrating mdiation, airbome radioactivity, and 

waterborne radioactivity. These radiations usually have direct pathways to the offsite population. Other more indirect 

and improbable pathways, such as through the food chain, have received much less attention. The decision to monitor is 

based on the type of operation. the radionuclides released, the potential hazard and the experience from previous 

monitoring results here and at other high-energy physics laboratories. Given tbe fact that the areas of Kane and DuPage 

counties which have grown the most rapidly during the 1980’s are the eastern part of Kane and the western part of 

DuPage, in the assessment of collective effective dose equivalent which follows the 1980 population figures will be 

escalated by 20%. a slightly conservative assumption. 
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Table 5 

blvestigator(s) 
Jastrow. Julie 

Institution 
Arsonne 

Project Description status 
Development of Soil in Restored Prairie Complete 

Creg~McCirrin. Cathy 

Panzer. Ron 

Weis, Arthur 

Byre, Vichy 

Mengler, Jeff 

Reinhart. Debra 

Brand, Ray/Stratton, Gail 

Mianva,KeJl 

Janzen, Fred 

Andawn. Roger 

Juliano, Steve 

Jewell, Melissa 

Northem Illinois University 

Northeastern Blinois 
University 

University of Caliiomia - 
Irvine 

Insect Galls on Solidago 

Insect Study 

Eurosta Galls on Solidago 

Chicago Academy of Science Avian inventory 

Environmental S/B Plant diversity in Big, Ring, Pine St 

University of Chicago 

Wbeaton College 

Chicago Herp. Sot. 

University of Chicago 

Illinois State University 

Illinois State University 

Comparison of Prairie and pasture soils 

ColJembola and Spider communities in 
prairie 

Herpetological inventory 

Temperatumdqxndem sex determination 
inturtles 

ordinadon of existing data 

Collection of Aedes trkeriatus larvae 

Complete 

complete 

Complete 

complete 

complete 

cornpkte 

Complete 

cancelled 

Ongoing 

cQwx3 

Miami University (OH) Population structure of small mammak in BAC pending* 
prairie 

Hennen, Mary Chicago Academy of Science Behavior/Ecology of bluebii 
Vrojeu is pending Environmental Advisory Committee @AC) approval. 

Noproposal 

35 



5.2 

During CY-1990 the Tevatrcn was operated in the fixed target mode. The significant sources of offsite radiation 

exposure due to penetrating radiation were muons from the experimental areas (Meson, Neutrino and Proton) and tbe 

gammarays6omtheBailheadstoragearea. 

A netwotk of detectors was used to monitor penetrating radiation. Typically, there are approximately 

100 detectors deployed around the site. with the primary purpose of contmllmg onsite radiation. The majority of these 

detectors weal2 connected to a data logger which automatically recorded the radiation levels for subsequent examination 

(Aw71). In CY-1990 three detectors were used primarily for environme ntat radiation monitoring. Gne was a large 

volume, 110 titer, ionization chamber (called a Hippo) used to detect gamma rays and charged particles at its location 

near the Boneyard at the Railhead (Fig. 2). There was another Hippo at Site 3 (Fig. 2) near the site boundary. The last 

was a tissue-equivalent ion chamber located at 14 Shabbona in the Village (Fig. 2). Approximately 70 environmental 

TLDk, exchanged and read each quarter, provide additional information on tad&ion levels sitewide and at the site 

boundary. 

As described in more detail elsewhere (Co83, E188). the muon fields on and near the Fermilab site boundary are 

measured by use of scintillation counters mounted in a vehicle, the Mobile Environmental Measurements Laboratory 

(MET&). The raw data consists of measurements of the normalized muon fluence (muons/cm2 per 1012 protons) 

obtained during scans transverse to the muon trajectmies. These data are based on average counts (background-ccrmcted) 

in each of two plastic scintillation paddles. Tire fluence is converted to effective dose equivalent delivered during the 

calendar year by multiplying this normalized fluence by the total number of protons delivered during the year and using a 

fluence-to-dose conversion factor determined by G.B. Stevenson (St83). This factor has a value of 1 mrem/LMoo 

muons/cm2 (or 40 fSv-m2). The only significant muon radiation fields produced by Fermilab operatious occur to the 

northeast of the site. The peaks are located along extensions of the beamlines leading protons to the fued target 

beamlines and are shown on Fig. 12. This is because the production of muons suffiiiently energetic to penetrate 

shielding are restricted to forward angles with respect to proton beams incident on a target. 

During the fixed target operations conducted in CY-1990.7 beamlines produced muco fluences which are readily 

measured Three of these beamlines (designated MW, MC, and MP) are in the Meson area while the fourth, called NM. 

is in the Neutrino area. These four beamlines are, by far, the most significant source of the muons. In tbe Proton Area, 

the PW, PE, and PB beamlines produce muon radiation fields which are barely measurable near the site boundary. The 

con&urat.ions of all 7 of these beamlines are quite similar to the way they existed during the fmed target run of 1987- 

1988. In general, meamremeuts of the muon radiation fields made during the CY-1990 fmed target run agree well with 
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those observed in 1987-1988. There are no locations beyond the site boundary where the muon radish folds of 

adjacent beamlines overlap significantly. Table 6 gives the effective dose equivalent at the site bout&y due to each 

proton beamline producing a measurable muon fluence during CY-1990. The muon fluences have been determined to 

obey an inverse-square law dependence upon the distance from the source of the muons (i.e., generally the production 

target which is struck by the accelerated proton beam). This phenomenon is used to correct fluence measurements made 

on roads near the site boundary to values shown in Table 6 which ate for the actual site boundrq. A complete discu&on 

is given by Cossairt and Elwyn (Co91). 

ose vat 
. 

Due to MUQW 111 CY-199Q 

l3eamhe Maximum Effective Dose Equivalent Offsite 
b-an) 

Mw* 
(mSv) 

15.9 0.159 
MC* 0.54 0.0054 
MP* 1.75 0.0175 
NM 2.77 
PW 

0.0277 
0.03 

PE 
0.0003 

0.28 
PB 

0.0028 
0.46 0.0046 

*For these beamlines. the distances from the site bouwhry to the nearest residence are rather large. The maximum effective 
dose equivalent at the nearest residence for these three beamlines are 8.2 rnrem (0.082 mSv) for MW, 031 man (0.0031 
mSv) for MC. and 1.22 mrem (0.0122 mSv) for MP. 

The primary radioactive matwials storage area onsite. the Boneyard, is also the primary source of offsite gamma 

radiation. Activated accelerator components and shielding, primarily iron and concrete, are stored in the Boneyard at the 

Railhead (Fig. 1) for future disposal or reuse following radioactive decay. As shown in Fig. 2 the Boneyard, which is a 

secure area, lie-s close to the site boundary. In 1987 radioactive mate&l was moved into a new cave constructed at the 

sodwest comer of the Boneyard In addition, there was an area nearby designated for radioactive ma&al storage for 

future use. A large amount of low-level radioactive material is stored in that ama The site boundaq dose for CY-1990 

was determined using thermoluminescent dosimeters (TL.D’s) and the large volume ion chamber (Hippo). Data obtained 

previously using a hand-held Nat (Tt) scintillator established the rate of decrease with distance (Ba89). The &iation level 

at the nearest point to the site boundary was 1.1 X 1fr2 mSv (1.1 mrem) for CY-1990. The maximum exposure to the 

individual living closest to that point on the site boundary would have been 2 X 10m3 mSv (0.2 mrem) for CY-1990, 

assuming 24 hour per day occupancy. The distance from the site boundary to the residence was 460 m (1500 ft). Thus, 

the dose to a member of the public in CY-1990 from the Boneyard was lower than the site boundary (fence line) dose. 
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5.3 

Radio&vation of air in measurable concentrations will occur wherever the proton beam OT the spray of 

rsecortdary particles resulting from its interactions with matter passes through the air. The beamlines through which the 

protons extracted from the Tevatton are delivered to the experimental ateas (Meson. Neutrino, and Proton) and tiom the 

Main Ring to the Antiproton Source consist of evacuated beam pipea that minimize the interactions of the protons with 

air in order to prevent unacceptable loss of beam. At the target stations, where these beams of protons produce secondary 

beams of much lower intensity used in experiments, there am unavoidable short distances through which the protons are 

in air. Also, at the target stations a large flux of secondary particles which are not useful for experiments are produced. 

Thus the radiotWivation of the air is concentrated at the major target stations. Monitoring of such activation is carried 

out for purposes of personnel exposure control. Under no cimumstances is the offsite concentration of airborne 

radioactivity expected to approach the limits for uncontrolled areas. Fii. 13 shows the location of principle points of 

mdionuclide emission due to accelerator operations. 

During the Period from February to August of (X-1990 both the fixed target program and the Antiproton 

Source were in operation. A small amount of operation of the Antiproton Source also occurred during December. In the 

latter mode 120 GeV protons were focused onto a target (Antiproton Source in Fig. 13) to produce antiprotons. During 

CY-1990 the antiprotons were used in a physics experiment within the storage rings associated with the Antiproton 

Source. Thii target was a soutce of radioactive gas resulting from inter&on in air of secondary particles leaving this 

target Because this target is heavily shielded and the air volume is small, there are many thermal neutrons also 

radioactivating the air. The result is a mixture of primarily 11~ and4tAr with smaller amounts of 13N, 38C1, and 39C1 

in air. The 41~r has a half-life of 1.8 hours and is produced by neutron capture in 4oAr. Air contains about 1% argon 

which is essentially 4oAr. Interaction of high-energy secondary particles with nitrogen and oxygen in the air produces 

20 minute half-life 11~ and 10 minute half-life 13N. Interaction of high energy neutrons with argon in the air is 

probably the source of 37 minute half-lie 38C1 and 58 minute half-life 39C1 (Bu89). 

Fixed target operations with 800 GeV protons extracted from the Tevatron similarly produced airborne 

radionuclide emissions. ‘Ihe principle sources of these emissions were recorded by Geiger-Miiller baaed stack monitors. 

The composition of the mdionuclide emissions from these somces had been measured previously t&189) and are, in 

general, similar to those noted for the Antiproton Source with the same radionuclidea present Three stack monitor 

outputs were logged continuously to record these emissions. These monitered the Meson Target Stations, the NM 

Target Station, and the PB Target Station. The Meson Target Station monitor actually records the emissions of 4 target 

stations located in the same building (the Meson Detector Building). Table 7 lists the totals of the activities released for 

accelerator operations conducted during CY-1990 for all four of the stack monitors. The grand total for all of Fermilab 

accelemtcr operations can he found in Table 1. 
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FIGURE 13 
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Map of he Fermilab site show existing facilities including bCatiOnS of existing 
sources of radionuclide emissions. 
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. Due w CY-199Q 

, Stack Monitor 

Antiproton Source 
Meson Target Stations 
NM Target Station 
PB Target Station 

Activity Released 
(Curies) (Becquereix 1011) * 
22.7 8.40 -. ._ 
27.0 10.00 
11.7 4.33 
16.6 6.14 -- _ 

lhe site boundary concentrations were calculated using the computer program AIRDGSE-PC (Mo79, Mo86) (a 

Gaussian plume diffusion model). Meteorological conditions for O’Hare Airport about 43 km (27 mile) away were used 

as input. The terrain between Fermilab and the airport is relatively flat and thus these meteorologic conditions are 

expected to be valid The maximum effective dose equivalent to a member of the popuhuion residing offsite due to 

Fermilab accelerator operations was determined to be 0.03 1 mrem (3.1 X 104 mSv). This value amounts to 0.3 1% of 

the 10 mrem&ar (0.1 mSv/year) limit in effect during CY-1990. This limit replaced the former 25 mrem/year limit 

because of the promulgation of the National Emission Standard for Hazardous Air Pollutants (NESHAP) for radionuclides 

on December 15.1989 in 40 CFR 61. Subpart H. These stack monitors use EPA-approved monitoring procedures even 

though strict conformance with the monitoring requirements specitied in the regulations are required only for release 

points which have the potential of exceeding 1% of the standard (0.1 mrem/year). 

A dekonding oven was placed in operation during CY-1979 in the Industrial Area (Fig. 13). Its purpose is to 

debond magnets by decomposing the epoxy adhesives at high temperatures. Most of these conventional magnets are 

radioaive and have failed after years of accelerator operation in the Main Ring tunneL The gaseous effluent was 

measureA during the acceptance test on June. 8.1979 (conducted for the Illinois EPA) and contained only 3H at very low- 

levels. The tests were. primarily performed to measure nonradioactive emissions. The test utiliied a typical 6 m (20 ft) 

long magnet reading 0.8 mrem/hr (8 X 1O-3 mSv) at 0.3 m (1 ft) from the surface and 8 mrem/br (8 X 10s2 mSv) in 

the bore tube where the protons traveled. The totat amount of 3H released from this magnet was 5.92 X 106 Bq 

(160 t&i) at a stack concentration of 4.81 X 104 Bq/ml(l.3 X 10-s pCi/ml) or about 13 percent of the Derived 

Concentration Guide corresponding to a dose of 100 mtem/year (1 mSv/year) delivered to a member of the general public 

who inhaled air at this concentration at his residence (DGE9Oa). The stack is approximately 10 m (30 ft) high. Using 

the computer program AIRDOS-PC required by 40 CFR 61. Subpart H, gives a negligible effective dose equivalent 

applicable Concentration Guide at the site. boundary. 

Six radicstive magnets were de&&d in CY-1990, caresponding to an estimated total release of 6.7 X lo7 Bq 

(1.8 X l(r3 Ci) of 3H. The radioactivity in the. magnets was similar to dtat in the 1979 test thus the 1979 data are still 

valid. In CY-1990 the wind conditions were similar to those in pest years. 
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All effective dose equivalents due to the release of &borne mdionuclides reported here have been calculated for 

the site boundary assuming the nearest resident to be present at that location. This is appropriate given the relativety 

high population density along the eastern site boundary aad the fact that, due to the prevailing westerly winds, the 

highest site Lumdary effective dose equivalent from this source also occurs at that location. 

5.4 

All current Fermilab water sampling locations for detection of acceleratorproduced activity in surface and 

gmundwater are shown in Figs. 6.7, and 11. 

Radioactivationofsoilcanoccurneartheprimarybeamtargetingandbeamdumpareas. Older 

targeting stations and dumps were designed with “bathmbs” to contain radionuclides produced in these areas. 

preventing their migration to the aquifer. Later design strategies sulxxituted massive concrete and steel shields 

within beam enclosures to minimii soil radioactivstion and groundwater contamination. Water samples from 

4 1 weIIsAnonitoring holes are analyzed at least once and as often as four times per year. Sampling frequency is 

determined by a web’s proximity to areas of soil activation. Many of the groundwater samples are taken from 

old out of service farm wells onsite. Additional wells and boring holes have been installed to provide better 

monitoring in areas of potential soil activation. Fermilab’s groundwater protection strategies are documented in 

The Fermilab Groundwater Protection Plan. 

Samples of water am taken routinely from welts and boring holes located on the FNAL site. These 

samples are analyzed for accelemtor-prcduced radionuclides eH, ‘Be, 2%a, 4sCa, %fn, 6oCo) at groundwater 

sensitivities. (See Table 17.) The grab method is used in most cases to collect water samples. Procedures are 

documented in the Envirmnental Protection Procdms M&al (EPPM). Sample frequency is based on the 

followiag rationale: 

1) Wells located the closest to areas of maximum soil activation (targets and dumps) and/or those in the 

direction the water is expected to flow in the aquifer am sampled quarterly (WeUs 39A. 43,45A, 49, 

59,78.79,80. 81. S-1059. S-1087). 

2) The following wells located near the Main Rig or Fixed Target Beamlies are sampled semiannuaUy 

(Wells W-l. W-3, WG. W-5.5,17A, 20,24B. 29,55B. S-1088 and S-1089). They are sampled less 

frequently than those in #l because they have reduced potential for radioactivation. 
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3 Wells locat4 near the site boundary. backups to more frequently sampled wells, or drinking water 

applies other than those already listed are sampled annually (Wells 7A. 12.50.52,56,58,64.68. 

74.75A. S-1058. S-1060, S-1061, S-1062. S-1063). 

5.4.2 

Feamilab has been monitoring for some parameters in groundwater onsite for many years. Current groundwater 

monitoring relies primarily on sitewide monitoring of old farm wells that have been maintained, including over 65 

samples per year from 30 wells (Fig. 7) which draw water from the dolomite aquifer. This program concentrates on 

analysis for accelerator-produced radiochemicals 45Ca, %n, 22Na, ‘%o. 3H, and ‘Be. To date no measurable 

concentrations of these radionuclides have ever teen detected in well samples. In all cases the lower limit of detection 

was at least an order of magnitude below the applicable Derived Concentration Guide (DCG’s) for accelerator-produced 

isotopes taken from the DOE order 5400.5 and EPA Regulations set forth in 40 CFR 141. ‘the DOE IXG’s used for 

this purpose are those which correspond to the delivery of a committed effective dose equivalent of 4 mrem per year 

4 X 10m2 mSv per year) to a person using the water as his sole source. Limited chemical analysis has also been done on 

samples from a number of onsite wells. Pumping of these water supply wells draws water Born beneath much of the 

aerial extent of the site providing information on the overall quality of groundwater that reaches this aquifer. This 

method will detect only those contaminants that reach the drinking water aquifer in detectable concentrations after beiig 

subjected to dilution. T’his method would not detect in a timely manner contaminants migrating vertically through the 

glacial till overlying the aquifer or those moving horizontally in sand lenses or in layers within the till. The groundwater 

monitoring fat mdiochemicals has been improved by adding vadose zone monitoring in the two areas where soil 

radioactivation may be a potential source for groundwater contamination. 

5.4.2.1 Distribution 

There are three wells onsite that supply two public drinking water systems servicing various areas of 

the Lab (W-l, W-3, and W-5). These are also sampled for acceleratm-produced mdionuclides. 

5.4.2.2 Borinp 

Boring/monitoring holes have been installed at target amas on the Meson and Neutrino Fii Target 

Beamlines. (See Section 5.52.) 
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5.4.3 . . . Water ue for Radioactlvltv 

In early beam enclosures “bathtubs” were installed underneath primary beam target stations and dumps 

to contain the mdiomtclides prcduced in the environs of the beam targets or dumps and to prevent their fir&r 

rn&aUon to the aquifer. Later beamline designs incorporated massive steel and concrete shields within beam 

enclosures to minimixc radioactivation of surrounding soil and eliminating the need for “bathtubs.” Water 

collected by underdrains within the “bathtubs” is received in retention pits. Underdrains that collect water 6orn 

outside “bathtubs” and liom around footings of buildings and beam enclosures discharge to onsite surface waters 

via ditches. Radionnclide concentrations are monitored in selected sumps. ditches, and surface waters (See Fig. 

6). 

5.4.3.1 

To provide information to estimate annual onsite and offsite releases of radioactive effluents for annual 

EIS/ODIS reporting, samples of water are taken routinely from sumps, retention pits, and monitoring boles 

located within the accckamr ring and fixed target tunnel enclosures. 

. 5.4.3.2 v 

Fermilab uses the following criteria for reporting radioactive effluent releases (offsite) and dischargea 

(onsite) to M3E in its Annual EISEODIS Report 

1. Any one time release or discharge which is greater than the concentration guide of 37 Bq/ml (1000 

pciiml) for tritium. or the equivalent for any other radionuclide, ggd greater than 3.7 X 10’ Bq (1 mCi) 

total activity. 

2. Any ongoing release or discharge with an average concentration greater than .74 Bq/ml(20 pCi/ml) of 

tritium, or the equivalent for any other mdionuclide, ghd greater than 3.7 X 10’ Bq (1 mCi) total 

activity for the calendar year. 

An annual routine sampling plan is developed by the ES&H Section Environmental Protection Group in 

consultation with Acceleratm Division and Research Division Radiation Safety Offi. Sample sites am selected by 

their proximity to target areas, closed loop (recirculating) cooling systems, and areas of soil radioactivation resulting 

from accelemta operations. Generally speaking, sumps closest to areas of maximum soil activation are sampled most 

frequently. Five sumps that have been reported as EIS-ODIS discharge points NOlSP4, MOlSP3. NW4SP1, NTSBSPI 

and NTSBSP2 (G9, MF5. N2. G4, and G5 in Figure 6) am scheduled for more frequent sampling. Sample frequency is 
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dependent upon the concentrations seen in the sump water at that lccation. A summary of sumps with detectable tritium 

levels can be found in Table 8. 

Collection Point 
APO 

NUtllkZ percentage of 
d Cotxxn!ration Guide 

Samples WMZU *C Min *C Mean (%I* 
0 . 

M0lSP2 4 4.82 X lo-l1 <3.0 x W-12 1.44 x lO-** 7.2 X lO-’ 
(1.78) (cl.1 x 10-l) (5.33 x W-1) 

M01SP3 6 9.58 X W1t 2.53 X lo-l1 5.07 x 10-11 2.54 
(3.54) (9.36 x lo-‘) (1.88) 

N01SP3 1 1.42 X lo-l1 1.42 X 10-l 1 1.42 X IO-11 7.1 x 10-l 
(5.25 x 10-l) (5.25 x 10-l) (5.25 X l&l) 

N01SP4 6 1.99 x 10-10 1.34 x lo-” 5.89 X lO-” 2.95 
(7.36) (4.% x lo.‘) (2.18) 

NMlSP 2 6.88 x 10-12 5.33 x 10-12 6.11 X lo-l2 3.1 x lO-t 

NTSBSPl 

NTSBSE! 

Nw4SPl 

NW5 Manhole 

4 
$J-&“5&;llgq;:) (1.97 x lO-1) (2.26 x m-1) 

1.47 x lO-11 2.07 x W-11 1.04 
(1.w (5.44 x 10-1) 

2.5 x lo-12 
(7.66 x lot) 

4 3.55 x 10-11 1.31 x 10-t* 6.6 x 10-l 
(1.31) (9.25 x N-2) (4.85 X lo-‘) 

5 2.49 x lo-‘0 2.34 x lo-11 8.05 X lo-t1 4.03 
Pm (8.66 X lU1) c2.98) 

0 

*C Max is the highest umcmuration detected in a sample from that location 
C Min is the lowest 
c Mean is the werage 
Comxntration Guide for Ttitium is 2.0 x 10-9 Ci/ml(74 Bqlml) 

Using the aforementioned criteria we reported 3 liquid discharge points and 4 liquid effluent releases fa CY- 

1990. The sump reported as contributing to these discharge points were MOlSP3, NOlSP4. NW4SP1, NTSBSPl, and 

NTSBSP2. The reported discharge points were the ditches receiving the waters from these sumps and emptying into 

Kress Creek. The total offsite release to surface waters attributable to these sumps. though not measurable in am-face 

water samples, is calculated based on average radionuclide concentrations found in sump and sump discharge volumes. 

In CY-1990 an estimated total of 7.5 X 1010 Bq (2O24 mCi) of tritium was released offsite by these sumps. This is an 

imease over the 3.4 X 10l”Bq (908 mCi) tritium reported in CY-1989. This increase reflects the 13% increase in water 

leaving the site and calculated increases in activity contributed by both NW4SPl(5.1 X lOto Bq a 1370 mCi) and 

NTSBSPl (1.4 X lOlo Bq or 375 mCi). Although the average tritium concentration for both sumps was relatively 

low, the hour meters showed copious quantities of water being pumped out by these sumps. The relatively heavily 
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rair&U recorded in CY-1990 is responsible for this large volume. There were no one time releases of waters with 

concentrations greater than 37 BqAnl (loo0 pCim1) tr$ium in CY-1990. 

In addition to the air discharge point mported last year (AKI stack), radionuclide emissiins were mported in CY- 

1990 for the Magnet Debonding Oven. the PB-4 stack, the NM-2 stack, and the MO5 stack. 

. . . 5.4.3.3 SurFace Surwilhlse for v 

Although mdionuclides sssociated with FNAL operations are routinely identified in sumps discharging into 

ditches onsite, cencentrations are well below applicable standards and remain undetectable in all ditch, pond, creek, and 

lake sampling locations. Samples are taken annually from ditches, ponds, creeks, and lakes onsite (Fig. 6) including 

locations where creeks enter and exit the site. These samples are analyzed fa accelerator-produced mdionuclides cl-f, ‘Be, 

25ra, “Ca, 54Mn, and @Co). Sampling procedures am site-specific and are documented in the Environmental 

Protection Procedures Manual (EPPM). 

Casey’s Pond and the ditches that receive water from the experimental areas and drain to Casey’s Pond are 

sampled annually fa accelraator-pmduced mdionuclides. Kress Creek is sampled each week the water is observed leaving 

site via the IGess Creek spillway. Surface water from the experimental areas (Fig. 5) left the site via Kress Creek for 

approximately 74% of the year in CY-1990, a 13% increase over CY-1989. 

5.5 . 9urvw 

Surface soil and vegetation samples are coBected at selected locations. The purpose of the sampling at Fermilab 

is to detect the possible build-up of contaminants from the deposition of airborne and waterborne radioactive effluents 

rekased from FNAL facilities. 

An assessment of contributions from operations is made by comparing results from samples collected near 

release points onsite with those collected from onsite background locations. In addition, results obtained from each 

location are compared to results obtained from the same location in previous years. In CY-1990 the radiochemical 

compition of soil/sediment was measured at 13 sample sites. At each ventilation stack location one composite sample 

of soil was taken. Sampling procedures are documented in the Environmental Protection Procedures Manual (EPPM). 

The CY-1990 soil/sediment sampling results are in Table 9. 
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The presence of 137Cs (Table 9) indicates fallout from previous atmospheric nuclear testing. The 6oco appears 

to be accelerator-prod& based on the location. Tbe ‘Be is most likely sccelerator-pmduced. The rxlionuclides rzNa 

and %In are only accelerator-produced, Note that ‘Be is slightly elevated in the sample from the CUB Tile Field and 

comparable in value to the APO stack (dried sample) and the NW4SPl sump discharge soil concentrations. 

5.5.2 Soil 

Because the percolation rates for water in Fermilab soils are calculated to be very low, certainly less than 1 m 

(3 ft) pa year @78), analyses of well waters do not provide the early warning desired fa detection of xcelemtor-prcduced 

radioactivity in the groundwater. Gn the other hand, these low percolation rates also make the probable transit times of 

the radionuclides in the water to be long compared with their lifetimes. To provide such warning soil samples were taken 

from the vicinity of targets and other locations where proton interactions result in some radioactivation of the soil. 

Because the major long-lived mdionuclides leachable from Fermilab soils are 3H and zNa quantitative measurements 

were made only on those (Bo72). Most of the soil activation occurred around the Neutrino Area primary target located in 

the Target Tube until 1982. Between 1982 and 1988 the target was located in a new enclosure 300 ft south of the Target 

Tube. At the end of February 1988 the neutrino production program was completed. During CY-1988 and CY-1989, 

additional boring holes were installed ht the vicinity of the Neutrino Area primary target to provide an early warning of 

possible downward migration. This work was discussed in detail last year (Co!%). Results obtained during CY-1990 

found some samples concentrations of tritium from these wells with 3H concentrations as high as 1.3 BqAuI (3.5 X lO.5 

pCi/ml), slightly more than the .74 Bq/ml(2 X 1O.5 ~Ci/ml) standard for community drinking water supplies specified 

in 40 CFR 141. 

ln CY-1983 a new target and dump system was put into operation to abort any errant protons inside the Main 

Ring tunnel. The well-shielded dump was placed just outside the tunnel (near Cl in Fig. 6). It was provided with a 

sampling underdrain which normally is not pumped (Ba86. Ba75b). ‘lbe drains adjacent to the Main Ring tunnel lead to 

sump pits equipped with pumps, hence water in the region around the tunnel and above the underdrains is normally kept 

free of standing water. The region below the Main Ring drains is not. The abort dump itself is scaled watertight. 

Drains inside have remained dry. The part of the dump below the Main Rig tunnel drains sits in water, permitting 

leaching of tritium pmduced in the sand and gravel surrounding the dump. Water samples from the underdrain beneath the 

dump contain tritium and 22Na. The concentrations are below the DOE Derived Concentration Guides for release to 

smface waters. (SeeTable 17.) 

5.5.3 

Concurrent with the production of 3H with a 12 year half-life is the production of 7Be with 53 day half-life in 

the closed cooling water systems. The 7Be is chemically active and is easily removed 6om the water by the resins used 
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to maintain water purity. The tritium remains in the cooling water system. These resins are regenerated in two separate 

systems located at the Central Utility Building. The effluent from these two systems is sent to a settling tank for 

removal of almost all of the radioactivity before it is sent to the clay tile field inside the Main Ring (see Sect 6.10 and 

Fig. 2). There it percolates into the soil about 60 cm (2 ft) helow the surface. The short half-life of ‘Be and its strong 

chemical affinity with the soil ensure that any residual radioactivity released will place no burden on the environment. 

The amount of ‘Be discharged to the tile field in CY-1990 was very small; however trace amounts were detected in the 

CUEt Tile Field soil. (See Table 9.) 

5.6 

The maximum dose equivalent rate at the site boundary in CY-1990 from Fermilab operations was 15.9 mrem 

(0.159 mSv) for CY-1990 due to muons from the Meson Area (see Section 5.2). ‘l’be point where that exposure occuned 

is along the nor&astern site boundary. This is approximately 5% of the average effective dose equivalent to individuals 

of 300 mrem (3 mSv) due to natural sources (NRC90). The effective dose equivalent at the site boundary due to the 

Boneyard was 1.1 mrem (1.1 X lo9 mSv) during CY-1990 but decreased to only 0.2 mrem (2 X 10.3mSv) at the 

location nearest residence, to the north of the site. The maximum effective dose equivalent at the site boundary due to 

airborne radioactivity was 0.031 mrem (3.1 X 104 mSv) to the east of the site. Thus the three principle sources of 

radiation exposure at the site boundary am located at different places along the site boundary so that no offsite resident is 

exposed tn siguiflant exposure from more than one of them. 

‘Ibe radiation exposure to the general population from operation of Fermilab in CY-1990 was approximately 8.0 

person-rem (8.0 X 10d person-Sv) (Table 10). This exposure was fmm penetrating radiation and from airborne 

mdionuclides. This total is to be compared with a total of approximately 2.4 X lo6 person-rem (2.4 X 104 person-Sv) 

to the population within 80 km (50 mile) from natural background radioactivity. Based on typical United States 

radiation exposures from diagnostic x-rays, nuclear medicine treatments, and other amficial soumes an additional 5 X 16 

person-rem (5 X ld person-Sv) would be expected for the population within 80 km (50 mile) of Fermilab in CY-1990 

(NRC90). (NOTE: Increased natural background exposures taken from this ref. (NRC90) include the effects of hnproved 

understanding of the indoor radon prcblem.) 

Tbe magnet debonding oven was used to debond 6 radioactive magnets in CY-1990. The restthing 3H release 

fmm the dcbcnding oven stack had negligible impact on individual or collective effective dose equivalent to members of 

the public. 
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. ive E.f&tive Dose &u&$&t for CY-199Q 
. . 50 mile MO D of Fer&& 

Collective Effective Dose Equivalent 
person-rem person-Sv 

pcnetratjng radiation from muons 5.93 593 x l(r2 
penetrating ladialion kom the BoneyaKl (gamma rays) 1.20 l-20 x l(r2 
airborne radkxctivity from the target stations 0.82 8.2 X 10-3b 
Total 7.95 7.95 x 10-2 
bg,pulationdosc~omairbomersdioactivitycalculawiusingAIR~~~E-EP~ra~~thrnAIRW~-PC sin~ethe ~aner~e.~ 
not pe3antly have the capability to perform this calculation. 

Some releases of radioactive water occurred from sumps collecting water from m-&x areas where protons 

interacted. About 74% of this volume of water left the site while Casey’s Pond (Fig. 2), the reservoir receiving water 

from discharges in the three external areas to whiih protons am delivered, was fulk The mean ccaxe~~tration of bitium 

during the period of release was Jess than one percent of the Derived Concentration Guide fa prolonged exposure to the 

genetal population. Also. drinking water in the area is taken from wells rather than from the creek receiving the 

discharge. Hence, the dose from the release was negligible. lbe component of the annual effective dose equivalent to 

members of the public due to airborne emissions is restricted to 10 mrem (0.1 mSv) by DOE 5400.5 and by 40 CFR 61, 

Subpart H. The appliile annual limit on effective dose equivalent for public drinking water star&&s is 4 mrem (4 X 

lO-2 mSv) according to DOE 5400.5 and 40 CFR 141. 

5.6.1 Radon 

During late (X-1989 and early CY-1990, DGEcontmcted with UNC Geotech through its Grand Junction 

Projects Mice to conduct an indoor radon study of its major facilities in response to Public Law 100-551, the Indoor 

Badon Abatement Act- This included the collection of air samples from various buildings using alpha-track screening 

measurements and also drinking water samples. Fermilab participated in this study and was aBocated 137 air sampling 

detectors along with 3 water samples. The air samples were installed in virtually every Jaboratory building in November 

1989 and removed and submitted for reading in Febrmq 1990. Beam enclosures were excluded because the operations of 

the fued target program would have caused prompt radiation fields sufficient to render the radon measmwn ems invalid. 

(Tbe beam enclosures are unoccupied during such operations.) The relevant concentration in air fa comparison is the 

USEpA’s residential standard of 4 pCi/liter (.15 BqiL). The following distribution of the results was obtained: 

xl pCi/liter 107 detectors 

l-2 pCi/liter 22detectors 

24pcijlim 7detectcxs 

z-4 pCi/liter 1 detector. 
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‘Ihe single reading ia excess of the 4 pCiiter (.15 B@iter) standard was a value of 6.9 pCiiter (25 Bq/liter) 

found in the basement of a house used by Security personnel in the Emergency Services Departmenr In response to thii 

survey, a sub-slab suction system was installed to reduce the radon concentration. M easmxments subsequent to this 

modifzation recorded a conceatration of 1.4 pCiiter (.05 Bqliter). 

Water samples were taken for three wells used for general drinking water supplie8 onsite (Wells 1,3. and 5). 

The radon concentrations for these wells were found to be ll(300). 4.4 (X20), and 3.7 (100) Bq/liter (pciiitex), 

respectively. These values are typical of those found at many DOE tkcilitk. This study is documented in a writ&n 

m WJE9ob). 

6.0 ENVmQNMENiU MONmQRINCJ FOR No-TWE 

6.1 

Monitoring of conventional emissions is in accordance with the requirements of applicable Fe&al, State, and local 

regulations authorized by the Clean Air Act (42 U.S.C. 7401, &. sepal Section 118. operating permits have been obtained 

from tbe Illinois Environmental Protection Agency @EPA), Division of Air Pollution Control, for all applicable Fermilab 

sources of airborne emissions (Table 11). Permitted equipment operates as described in the application on fde with the 

JEPA. Operations will, at a minimum, be reviewed annually at the time of submission of the annual Air Emission Reports 

as quid by IEPA (Ill. Adm. Code 201.302) to ensure that the permitted equipment continues to operate and be maintained 

in accordance with permit conditions. Operations are also reviewed when applying for renewal of an existing operating 

permit. Annual emissions reports are submitted to IEPA indicating whether maximum emissions have increased, remained 

the same, OT decreased based on comparison of operating parameters in the application on file with that agency. 

Application No. 
86020057 
87110096 

89090071 

Description 
Gasoline dispensing tanks 
5 gas-fxed hot water boilers 
1 prop-fired boilex 
1 grit blaster 
2 gas-fti hot water boilers 
(Lab A & Meson Detector 
B&d 

Special Conditions 

WBL boilers 
43 tons& nitrogen oxides 

Lab Ac0.12 lb/br nitrogen oxides 
Lab AcO.45 tons&r nitrogen oxides 

Meson Det. Bldg. 4.26 lb/k nitrogen oxides 
Meson Det. Bldg. ~0.98 to&yr nitrogen oxides 

88010042 vwww=~~3) c 1 ton&r organic emissions 
79070012 

s”“““““” 
25 mrem/yT whole body* 
75 mrem& critical organ to any member 

89080089 Radionwlide emissions 25 mm/y whole body* 
from accelerator operations 75 mrem/yr critical organ to any member 

*Conditions supaseded by more stringent provisions of 10 CFR 61, Subpart H. 
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6.2.1 Chlorine 

In addition BJ the routine chlorination of the Main Site water system and the swimming pool, a chlorination 

system for the Swan Lake cooling pond system has proved successful in helping to eliminate the riced for chromate 

treatment of the cooling towers. Chlorine is added to the cooling water for a period of 30 minutes four times a day at a 

rate which results in a chlorine concentration of 0.5 ppm as the cooling water leaves the equipment. Only one piece of 

equipment within the plant is chlorinated at a time. Conse4pendy the concentration of chlorine entering the Swan Lake 

system is sigmficantly reduced from 0.5 ppm. 

6.2.2 Brolnine 

Bromine was used for the first time in 1987 for water treatment at Fermilab. Water pumped from Casey’s Pond 

was treated with a l-Bromc&hloro-5.5-dimethyl hydantoin chemical in a pellet form. ‘Ihis chemical, Nalco 85WT- 

037/1343, is supplied by Nalco Chemical Company, One Naico Center, Naperville, Illinois 60566. Tbe bromamines 

formed when the chemical reacts with agricultural based amines am more effective biocides than chlommines. Thus, 

better control of biological growth in the heat exchangers in the Research Ares is expected using this treatment instead of 

chlorination. No treatment has been done in the past because air towers rather than industrial water heat exchangers were 

used. A comprehensive monitoring program to minimize the amount of chemical required has been initiated. The total 

available halogen was adjusted to be 02 g/liter or less in the water as it leaves the heat exchangers. The total amount of 

Nalw 85WT-037 +wd in CY-1990 was only 159 kg (350 Ibs). 

6.2.3 

No heavy metals were used for water treatment of the cooling towers. The chlorinated Swan Lake cooling pond 

water was passed through the cooling system and a biod@emant, Nalco 7349, was added which lifted deposits from the 

metal surfaces so they could be oxidized by the chlorine. It was applied at a rate of 25 mi/min for 180 minutes per day. 

Nalco 7349 is a polyglycol manufactured by Naico Chemical Company. Another Nalco product, Nalco 1332, was 

applied continuously to maintain less than 1 mg/liter with a peak total phosphorus concentration of 1-2 ppm. Nalco 

1332 is an organophcephorus compound which prevents scale information. It does not have the toxic properties of 

organic phosphorus esters found in some restricted-use pesticides (Wo81). In CY-1990 a total of 7.165 kg (15.800 lbs) 

of Nalco 1332 was used and 500 gal. (1893 liters) of Nalco 7349. 

Although it was necessary to chemically treat some waters with aquaxine to control the growth of algae and 

weeds during (X-1990, efforts were made to keep these treatments ss low as possible in order to protect wildlife and fsh. 

Aquazine is biodegradable and no environmental impact is expected, There is a program to look for persistent chemicals 
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intheFermilabeavironm eat periodically. (See Section 6.3.1 for more information about algae control.) Pesticide 

applications to surf&~ waters in CY-1990 are listed in Table 12. 

Copper was applied to Fermilab surface water for algae control. It wss applied as a copper-ethanolamii 

complex which prevents the copper from precipitating out with cahmtes and biinates in the water. Copper 

solution from the etching of printed circuit boards was disposed of as haxardous waste cr recycled. Chmmate treatment of 

the cooling towers has been replaced by biodegradable treatments. The en vhcmxntal impact from heavy metals is and 

should continue to be negligible. 

6.3 

Sim Post Control prosrmn - I,iceused Fermilab personuel applied the following pesdCideS OnSite for aquatic 

slgae, ammal and penmnial w&s and grasses. and mosquito control in CY-1990. All pesticides were EPA registered and 

were applied acmding to the manufactum’s insrmctions and Federal, State, and local guidelines. 

6.3.1 Surlacr 

e - These pesticides were applied to control and maintain water quality cusite by inhibiting the 

growth of algae. Applications of aquatic herbicidc&lgicidcs were done to no more thsn half of a body of water at one 

time to avoid stressing f&populations due to oxygen depletion in the water from decaying algae. 

m - A total of 7052 kg (1554.8 lb) of Aquaxine. containing 80% of the active ingredient 

Simaxine [2-chlcro-4,6bis(ethylamino)-g-niaxine], was applied to 194.4 acres of water in CY-1990. 

EPA #8959-1oAA - A total of 248.4 liters (65.6 gal.) of Cuuine Plus, containing 9% of the 

active ingredient copper, was applied to 38.3 acres of water in CY-1990. ‘Ibe copper is contained in a mix of copper- 

ethanolamine complexes. The ethanolamii prevent the precipitation of copper with carbonates and bicarbonates in 

water eliminating the problem of toxic sccumulations of copper in the sediments that can occur with nonchelated copper 

compounds like copper sulfate. 
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w cutrine Plus 
Treatment- Aaes # of Applications Total Applied I of Applications Tocd Applied 

0 (l&S) 
Booste~Pbnd 
Center Reflecting Pond :-ii 

1 19.1 

2:s 

il 
36.0 

1 10.9 13.6 

East Reflecting Pond 1 10.2 Msin Ring Ponds 150.0 1 544.2 8 ii 
swan Lake 28.8 104.5 3 196.1 
Swan Lake Ditch 1.2 

ii 
0 1 2.7 

West Pond 4.5 1 16.3 0 0 

6.3.2 

These pesticides were applied around the bases of trees, sign posts, foundstions. LP gas tanks and tire hydrants 

in the following arcas for landscape maintenance: Fermilah Village and Sauk Circle, Esst Gate Area. Batavia Road, D 

Road, Pine Seeet. B Road, A-l Road, A-2 Road, West Wilson Road. CDF, Industrial Center, New Muon and Bubble 

Chamber, EOAC. and Sites 38.50,52.56.58. and 64: 

EPA #524-308-AA - Isopropylamine Salt of N-(phosphonomethyl) Glyphosate. 41.0% 

surflan - wm (3,5wtro-N4. N4-dipropylsulfanilamide), 40.4% 

Equal amounts of each pesticide (1.5 oz) were mixed in a tank and applied at a rate of one tank per 1000 ft2. 

6.3.3 

A pesticide was applied at Fermilab during June, July, August, and September of CY-1990 for the purpose of 

mosquito control. Two sitewide applications occurred with one extra application to Sites 29 and 58. Lakes, streams, 

ponds, and those an=as with a high concentration of motor vehicles went. avoided. 

This pesticide Wi3S: w Ur ,V EPA #241-20888 - Malathion [S-(l~-D~~~~oxyethyl)-o, O-dhhyldithio 

phosphate]. 91.0% 

It was applied as an ultra low volume fog at a rate of 2 ounce per minute. 
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6.3.4 Miseellaneaus Pest Cantd 

A liumed wntrsct extermkto r was retained during CY-1990 for miscellaneous pest control in kitchens, 

labomtories and living areas throughout the site. (See Table 13.) 

Pesticide EPA Reg No. 
AC Formula 56-56 

Active Ingredient 
chloroIhcinone 0.005% 

Contxz Pellets 
Talon-G Pellets 
Weather-Blok 
Baygon 2% Bait 
Maxforce Bait 
Combat Bait 
Pro Roach Kill 
FiciUllD 
FiCamW 
Demon WP 
Tempo 20 WP 
Empire 20 
Durstan Lo 
Genwr9% 
PI-230 T&Die 
Im4oPcrmadust 
PT250 Baygon 
PI-270 Dursban 
PT28OOrthene 
PT265A Knoxout 
Pr515 waspfreexc 
PT565 Plus 
ZP Tracking Powder 
Rozol Tracking Powder 

12455-36 Bmmodiolone 0.005% 
10182-38t40 Brodifacoum 0.005% 
1018248 Brodikcoum 0.005% 
3125-121 Fropoxur 2.0% 
173067 Hydmmethylnon 1.65% 
173068 Hydmmethylnon 0.9% 
45385-20203 Boric Acii 99.0% 
45639-3 Belldiocarb 1.0% 
45639-l Bendiocsrb 0.5 & 025% 
10182-71 Cypcrmetbh .2 & .l% 
3125-380 Cyfluthrin 0.1 & 0.05% 
464629 chlorpyrifos 0.4 & 0.2% 
464-571 chlorpyrifos 0.5 & 025% 
2724-351-50809 Hydroprene 0.07% 
499~223~AA Iyrehins silica Gel 0.3% 
499-220-M Boric Acid 20.0% 
499-157~ZA PKpxlIr 1.0% 
499-147 ch.lorpyrifos 0.5% 
499-230 Acephate 1.0% 
499-228 Diaxinon 1.0% 
499-240 Phenothrin 0.25% 
499-285 Pyrethrins D-Tram Allenthrin 025% 
12455- 16AA zinc Phosphide 10.0% 
7173-172 Chlomphacinone 0.2% 

6.3.5 Pest -01 Prauraf~ 

During (X-1990 Fetmilab leased 5.76 km2 (1,424.g acres) of land to farmers for agricultural production (Fig. 

14). Licensed contractors were hired by the leasees. Table 14 lists the pesticides applii to farm tracts. 
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Pesticide EPA Rep; No. ActiveItlncdient 

Aatrex 4L 

Aamx 9-a 

Banvel 

pesticide 

loo-479 

100-585 

55947-l 

EPA Reg. No. 

7969-45 

Bladex 9ODF 352495 

Counter 15G 241-238 

Crop oil 

Force 1.5G 10182-130 

Fll&& 

Lassa 

Pursuit 

10182-101 

524-3 M-AA 

55947-39 

241-310 

Atraxine (2&kxo4e&ylamino&iqmpylaminwtriazii) 422% 

AIrwine (2-y--Iamino-s-trkuii) 85.5% 

Dimethylamin salt of dicamba (3&dakRo+anisic acid) 482% 

ActiveIllgdklt 

Sodium Bentazca [3-(l-&ylethyl)-lH-2.l~-benzothiadiazin4(3K)-one 
2,2dioxide] 42.0% 

Cyanazine [2-( [4chlom-6-@hylamino~s-triazinriazine2-yl] amino)-2- 
methylpropionitrite] 90.0% 

Terbufos [s( [(l,ldimetbyMyl) Thai] methyl) O,O-diethyl 
phosphorodithioate] 15.0% 

Light petroleum oil and anulsifw (petroleum Hydrocarbon 83.0%) 

Tefluthrin (2.3,5.6-telraflom4mcthylphenyl+ 2-chloro-3,3,3&ifloro-2,2- 
dimahykycl~xylate) 1.5% 

Fluazifopp-butyl fiutyl(r)-2-(4,5-trifloromethyloxy) 
phelKlxyplclp~1 13.1% 

Ala&or [2-cblau-2,6dktbyl-N-(methoxymethyl) zetanilide] 45.1% 

Potassit~ salt of dkamba (3,6dichloro+anisic acid) 13.4% 
Ahazine (2&om-&thylamiiipropylamino+~ine) 22.2% 

Imaz&apyr [Ammonium Salt of Q+2-[4&dihyM-methyl+(l- 
methylethyl)-5+x0-lH-imidazol-2-y]]] 21% 

6.4 

An inventory of polychlorinated biphenyls (PCBs) still on the site is maintained. PCB inspections an?. 

pezformedandrecadsaremaintaincdasrequiredbyTSCA(4OCFR761.180). AsofJanuary 1,1991,therewerc 

4lPCBtr;insformersandl3PCBcontaminatedtransfonnersinuseorinstorageforuse. ‘IheinventoryofLwgePCB 

capacitors in use. in storage for use, or in storage for dispoal was reduced from 16 to 0 in CY-1990. Tbe capacitors 

were disped by incineration in an offsite EPA-approved incinaatm. 
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6.5 

Responsiiity for disposal of hazardous waste was assigned to the Envircument. Safety and Health Section 

(formerly called the Safety Se&m) in CY-1979 and a hamrdous waste handling and stuage facility was developed at Site 

55 (Fig. 2). This facility is roofed and fenced, and has a hardstand and 4 concrete containment areas. This facility wss 

intendedforinsidestorageofhazardousmaterialswhichareforfutllreuse. lbisusageofSite3forstomgewasphased 

out in CY-1989. In (X-1982 a PCB storage buibling was constructed at Site 55 which is much far&r from the site 

boundary dun Site 3. Ibis structure now houses all PCB items awaiting dkpcsal. In CY-1984 a heated chemical waste 

storage building was added at Site 55. This facility was completed in 1985 and has a hood and au indoor shower and 

eyewash. It also has indoor containmeut areas to segregate acids and bases. Typical wastes am solvents, oils, laboratory 

chemicals. asbestos, acids, and bases. 

Over the years it has been the practice to deposit excess materials such ss lumber, concrete, building materi& 

and cartb on the Meson Area shielding hi& (north of the Meson Lab, Fig. 1) adding shielding to scatter muons. To 

assure that none of these materials is hazardous to the environment and none will contribute to the contamination of 

smfxe or groundws&~~, a program to control such deposition was developed during 1979. Rules have been promulgated 

and respcmsibility for access and control has been assigned to the Roads and Grounds group which operates a permit 

system for deposition. In 1982 burial of wood, paper and other wood products on the hill was halted. 

In arder to efficiently organize the collection of drum quantities harardous waste, a number of satellite 

accumulation sreas have been established to collect the waste. An ongoing program has bceu established to improve 

these amas by including provision for secondary containment for the ones that sre outdoors. At Site 55. wastes are stored 

in a hazardous waste storage facility. The permit status of this facility is discussed in Section 4.3. 

6.6 

The potential environmental impact of release of chlorides from the resin regeneration prot%ss into the CUB clay 

tile field (Fig. 2) has been evaluated. The regeueration prccess uses sodium hydroxide and hydrochloric acid, yielding 

sodium chloride (salt) and water. Assuming the salt released in one year (before (X-1986) sll ends up in the nearest 

drinking water well (W-l in Fig. 7) and is diluted in the water normally pumped from the well for one year the 

concentration would be less than 25% of the applicable limit of 250 mgfliter. Thus, the environmental impact should 

be minimaL Disposal of large volumes of salt in the CUB Tile Field was baked in CY-1986. 
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6.1 

A release of -lam water containing ethylene glycol occurred from a sump pit from the west side of the Meson 

Detecta Building. The discharge impacted sediments in a nearby drainage ditch. The impacted soils were excavated from 

the ditch and stockpii under plastic sheeting. On November 30.1990, Richleay Engineers, Inc. @RI), performed a 

sampling of the stockpiied soils for the full span of state mat&ted disposal jiammeters. In addition. water samples were 

taken from the sump outlet to determine if the water discharged from the sump contained any compounds regulated under 

theClean Water Act. 

Analytical ~~.~ults of the stockpiled soil indicated that the soil was nonhazudous material, neither regulated as 

hazardous nor as special waste according to Illinois Administrative Code and Title 40 CFR 261. The analytical results of 

the liquid being discharged from the sump indicated that it contained no compounds regulated by the Clean Water Act 

(Ei9 1). 

6.8 

A mixture of chlorofluomcarL~~s (Freon 115 and 119 having high vapor pressure became contaminated with 

oil (about 10% by volume) when a bubble chamber piston seal failed The mixture was placed in a propane gas storage 

tank awaiting disposal. During early CY-1988 a leaking valve was discovered on the propane tank. Approximately 520 

liters (137 gal.) of chlorofluomcarbons had vented. The remaining Freon mixture has been transferred into compressed 

cylinders and was shipped for disposal to a RCRA permitted facility during CY-1990. 

6.9 

In early (X-1991 Fermilab conducted a sitewide chemical inventory in accordance with the repordng 

requirements for CY-1990 or SARA Title III. Additional information on qusmities, onsite locations was also collected 

to facilitate reporting for: 

Section 304: Emergency Notification; 

Section 311-312: Community Right to Know Requirements; and 

Section 313: Toxic Chemical Release Reporting. 

Reporting had been completed under Section 31 l-312 for harardous chemicals used in ~10,000 lbs and 

extremely hazardous substances 2500 lbs or the threshold planning quantities, whichever was lower. 
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The majority of these chemicals are used in the Central Utility Building. Sites 38.43.65, the transformers for 

the Main Ring and utilities, Meson. Neutron, and Proton areas. 

Other chemicals for which we have received MSDS’s have been reputed to local emergency planning 

committees and the State Emergency Response Commission These lists are updated annually. 

An inventory of all hazardous chemicals, regardless of quantity, was also taken. This information was 

submitted to the local Fm Department, to inform them of the location and quantities of ah flammable. corrosive, toxic 

and reactive chemicals. This information is used primarily to protect them when responding to a fm or other emergency 

onsite. 

A list of the large quantity chemicaIs used at Fermilab during (X-1990 is shown below: 

IN THE INVENT= 
FOR --US!2 

Material Category 

Ethylene glycol 

Amount (lbs) 

81548 

Hvdrow 
GasOh 
Diesel 

1.085,118 
197,457 

Freon 113 (1.1,2-Trichloro-1.22~trichfluoroethane 21,568 

Hydrochloric Acii 
Sodium Hydroxide 

27,019 
47,569 

Polychlorinated Biphenyls 
Scintillation Fluid (contains 1,2,4-Trimethyl Benzene) 

2,850 
-15,txxt 
32,400 

6.10 

On Decanti 14,1990, a sheen of oil was noted on the cooling pond named Swan Lake. This oil appeared to 

he a few gallons of light mineral oil and was contained and absorbed to the extent possible. Further investigation 

revealed the source of thii oil to be a sump pump in an underground enclosure and may have been due the TS2A 
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transformer spill event of 1985 described more fully in Section 4.5.4. This event was promptly mported in accordance 

with procedures specified in DOE Order 5000.3A (DOE9Oc). Because it was a visible sheen of oil, it was also reported in 

accordance with regulations to the National Response Center, the Illinois Emergency Services and Disaster Agency 

(IESDA) and the DuPage County Local Emergency Planning Committee (DLEPC). 

Also in December 1990 a small spill (approximately 1 cup) of PCB transformer oil occurred at one of the Main 

Ring hansformm. llis spill is superimposed on the older spills discussed in section 45.4. Immediate cleanup of all 

visible traces was accomplished. Long-term cleanup will be coordinated with that of the other Main Ring sites, since 

this spill cannot be separated from the older spills 

Trace amouuts of heavy metals and copious quantities of sodium chloride have been discharged into the CUB 

Tile Field (tile field in Fig. 2) inside the Main Ring in the past. Copper is the primary heavy metal. It is an impurity 

removed by the ion exchange resins used to keep the conductivity of closed loop water systems low. These mixed-bed 

resins are regenerated using hydrochloric acid and sodium hydroxide. When the two chemicals combine after traversing 

the resins. salt (NaCl) is formed Trace amounts of ‘Be are also removed (Section 55.3). A settling tank was used 

beginning in cl-1986 to remove salt and 7Be from the effluent from resin regeneration. The salt is being stored to 

allow 7Be levels to deaease by radioactive decay. Concentration of the radionuclides by reducing the water content with a 

press and then drying the salt in an oven has resulted in detection of 6oCo in the salt. 

There were no activities during (X-1990 which created problems with respect to nonradioactive airborne 

effluents. Heating is accomplished by use of natural gas, liquefied propane gas, or electricity. The bulk of the heating is 

supplied by natural gas f& boilers located in the Central Utility Building. These boilers arc adjusted annually to 

maintain proper coinbustiorj efficiency. 

7.0 QUALITY ASSURANCE IN CY-1990 

Routine enviroumental water samples collected by the Environment, Safety and Health Section’s 

Environmental Protection Group were analyzed for radiochemicals by International Technology (IT’) 

Corporation, 1550 Bear Creek Road. Oak Ridge, Tennessee 3783 1 in the first half of 1990. Other samples were 

counted at the Fermilab Activation Analysis Laboratory (AAL). By mid-year, dissatisfaction with the 

degenerating tumamund time for results provided by IT Corporation and subsequent notification of lT 

Corporation’s compliance problems at its California facility led to our suspension of their use. Up to that point 

we had been satisfii with their quality assurance as measured by our spikes and by their Performance in the 

EML, program. Some samples from the second half of (X-1990 were analyzed at the AAL but most were sent 
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to a new vendor, TMA/Eberline. Delay in negotiating the specifications and cost of the necessary analysis has 

meant that the results for the samples sent to TMA/Eberline are not available at this time. 

Environmental samples collected for chemical analysis in 1990 were sent to our contracted vendor, 

National Environmental Testing, Inc. (NET), Bartlett, Illinois. At NET, the samples were extracted and 

analyzed using standad EPA methods. Because confidence levels specified by Fermilab depend upon the 

unended use of the data, those levels were set by Fermilab following consultation with NET for each project. 

7.1 

Samples at all locations are collected using documented procedures. These procedures ensure that 

samples are representative of the media from which they arc collected and will yield reliable and consistent 

results. The EP Group of the ES&H Section has developed an Environmental Protection Group procedures 

Manual (EPPM) that documents all monitoring and surveillance procedures in use. Specifii procedures have 

been developed in accordance with established standards, practices, and protocols. 

7.2 

Samples are analyzed using standard analytical procedures. Data quality is verified by a continuing 

pmgram of analytical laboratory quality control, participation in interlaboratory cross-checks, and replicate 

sampling and analysis. When applicable to analysis requested, analytical labs must be certitied. A range of 

radiochemicd spik.s are used to test our vendor’s ability to achieve the required sensitivity for each parameter 

and diabili~ in detecting acceleratcr-produced radionuclides at or below the ccmcentrafion guide standards (Table 

16). Fermilab’s Activation Analysis Laboratory (AAL). formerly called the Nuclear Counting lab (NCL), and 

our primary vendor contracted for radioanalysis both participate in DOE’s EML quality assmanwpmgmm. NET 

is certikd for potable water analyses by the Illinois Envimnmental Protection Agency (IEPA) and participates 

in the USEPA’s quality assurance program for analysis of water supplies (WS) and water pollutants (WP). NET 

has been selected as a participant in the USEPA’s Contract Laboratory Program (CLP). 

Fermilab and IT Corporation results in the DOE Environmental Measurements Laboratory (EML) quality 

assurance program (&SO. Sa91) are found in Tables l&19,20 and 21. The results of both IT Corporation and the AAL 

in Fermilab’s radiochemical spike quality assurance program can be found in Table 16. The range of radiochemical spikes 

were pmpared to test the abiity to achieve the required sensitivity for each parameter and the reliability in detecting 

accelemtor-produced diondides at or below the concentration guide standards (Table 17). 
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Spike Number Radionuclide Prepared cow. Vendor Cont. NCL Cont. Ratio of FwpalFd Ratio of FTepared 
(Bq/ml) @q/ml) (Bq/ml) to Vendor tONCL 

9001 H-3 4.29Ehoo 4.44E&l 4.431?+00 1.03E+OO l.O3E+OO 
9013 

9c03/8911 
9023/8921 
9033l8909 
9043/8919 

9oa 
9014 
9005 

9015 

9oM 
9016 
9007 

9017 

9012 

9022 

9032 
!w42 
9052 
9062 

H-3 4.29E+oo 
H-3 4.33E-01 
H-3 4.33E-01 
H-3 1.42E+OO 
H-3 1.42EMO 
H-3 2.12E-01 
H-3 2.12E-01 
H-3 2.63E-01 

CO-60 4.03EM 
Mn-54 7.25E-02 
Na-22 3.31E-01 
H-3 2.63E-01 

CO-60 4.03E-02 
Mm54 7.25EAl2 
Na-22 3.31E-01 
H-3 2.1OE+OO 
H-3 2.1OE+OO 
H-3 2.61E-01 

CO-60 4.07E-03 
Mn-54 3.81E-02 
Na-22 1.26E-02 

H-3 2.61E-01 
CO-60 4.07E-03 
Mn-54 3.81E-02 
Na-22 1.26E-02 

H-3 2.55E-01 
CO-60 3.74E-02 
Mn-54 1.81E-02 
Na-22 5&x-02 

H-3 2.55E-01 
CO-60 3.74E-02 
Mn-54 1.81E-02 
Na-22 5.66EAO2 

H-3 4.08E+OO 
H-3 4.08E+OO 
H-3 1.02E-01 
H-3 l.ME-01 

4.4OE+oo 
3.65E-01 
3.26Jz-01 
1.28E+OO 
1.27EMM 
1.69E-01 
1.6OE-01 
2.83E-01 
3.92E-02 
7.99E-02 
3.21E-01 
2.77E-01 
3.74E-02 
7.81E-02 
3.02E-01 
2.13E+oO 
2.05E+Oo 
3.44E-01 

<3.70E-O3 
2.62E-02 

<l.llEM 
2.5OE-01 

c3.7OE-03 
2.58E-02 
<l.llE-02 

4,16E+OO 

2.92E-01 
2.93E-01 
4.37E-01 
3.92EAQ 
8.77E-02 
3.35E-01 
4.22E-01 
4.07E-02 
7.47E-02 
3.23E-01 
2.22E+OO 
2.32E+OO 
2.18E-01 

2.55E-02 
1.3OE-02 
2.07E-01 

3.77E-02 
1 IME- 
2.41E-01 
3.89E-02 
1.63E-02 
5.14E-02 
2.07E-01 
3.85E-02 
2.07EA2 
6.29E-02 
3.6OE+OO 
3.54E+OO 
<1.85E-O1 
<1.85E-O1 

l.O3E+OO 
8.43E-01 
7.54E-01 
8.99E-01 
8.88B01 
7.!xF#-Ol 
7.56E-01 
l.O7E+OO 
9*72E-01 
l.lOE+OO 
9.71E-01 
l.O5E+OO 
9.27E-01 
l.O8E+OO 
9.12E-01 
l.O2E+OO 
9.79E-01 
1.32E+Ou 

6.86E-01 

9.6OE-01 

9.68E-01 

1.38E+W 
1.38E+CO 
1.66E+OO 
9.72E-01 
1.21E+MI 
l.OlE+OO 
lhOE+OO 
l.OlE+OO 
l.O3E+OO 
9.77E-01 
lME+OO 
l.llE+OO 
8.37E-01 

6.70E-0 1 
l.O3E+OO 
7.!ME-01 

6.76E-01 
9.9OE-01 
8.24E-01 
9.43E-01 
1.04E+OO 
8.98E-01 
9.08E-01 
8.13E-01 
l.O3E+OO 
l.l4E+OO 
l.llE+OO 
8.81E-01 
8.68E-01 
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CONCFJTIRATION GUIDE FOR SPECIFIED SBNSlTMTY 
PGPULATION AND PRECISION* 

RildiWUCIi& Surface Water (pcihnl) Gnnmdwater S&S2 GmllOClw 

3H 2ooo 20 3.0 1.0 

7Be loo0 40 0.5 0.5 

22Na 10 0.40 0.3 0.22 

+a 50 2 0.3 0.006 

54Mn 50 2 0.1 0.07 

@CO 5 0.2 0.1 0.02 

* Ihe prccisiw and sensitivity are stated for the 95% confidence level (approximately two standard deviations). 
‘Ihe precision requked is the value specified or &lo percent, whichever is the lesser precision. 
The sensitivity is taken to be the minimum concentration which can be detected within the 68 percent confidence 
IeveL 

7.2.1 . s at IT Corw 

IT Corporation analyzed water samples using similar procedures to those described previously (Ba82). Liquid 

scintillation counting is done using the scintillator “PicoPluorLLT” and a counting system, both of which were 

manufactured by Packard Instrument Co., Inc., 2200 Watrenville Road, Downers Grove, Illinois 60515. Gamma 

spectroscopy is done with intrinsic germanium semiconductor detectors with efficiencies 20% to 30% that of a 7.6 cm 

diameter X 7.6 cm high NaI (PI) scintiBator. Alpha detection is done using a scintillation counter after whatever specik. 

chemical separation is required. Screening for 45Ca is done by liquid scintillation counting. Any necessary chemical 

separation of 45Ca is followed by beta counting using gas-flow proportional counters (Ha88). 

The samples were subjected to the appropriate one of the following analyses: 

Type la: Test for 3H (tritium), 7Be, 22Na, 45Ca. %Mn, and 6ko at surface water sensitivities. 

Type Z?az Test for all of the ahove at groundwater sensitivity plus total radium (the sum of 223Ra, 224Ra. and 226Ra) 

and total thorium (the sum of 228Th and z2Th). 

Type 3% Chemical separation of 45Ca before its determination, otherwise the same as Type la 

Type 4a: 3H only, at surface water sensitivity. 

64 



Type 5a: Chemical sepamtion of 45Ca and analysis for 45Ca only, using surface water sensitivity. 

Type 6a: The same as Type la except at groundwater sensitivity. 

Type 7a: The same as Type 4a except at groundwater sensitivity following distillation. 

3 Type& Teatforgrossalpha,grossheta, H, 1311. and %s at groundwater sensitivity. This analysis is performed 

on drinking water systems onsite. which supply water to more than 25 people during the workday. 

Type 9a: Test for Sr-90 only, at groundwater sensitivity. 

Separate analysis of two aliquots from the same sample bottle is indicated by changing the letter “a” to the letter “b” on 

the Type designation. 

The specifications for the above analyses are given in Table 17. 

. for IT Corm fSa9a 

Sample Sample 

3/90 Air 
” I 

I I 

I I 

I ” 

I I 

I ” 

I n 

I ” 

I ” 

I ” 

3/90 Soil 
I I 
I I 
I I) 
I ” 
” ” 

3l90 Veg. 
II n 
” I 
I I 
I ” 

7Be 
%!ln 
Ro 
%o 
!%r 
1%S 
137cs 
we 
2%u 
%lAlU 
U%J 
4q( 
90Sr 
137cs 
=+ll 
a1 Alll 

2 
%r 
1370 
239111 
%lAlll 

0.468E+O2 

EML value RatiQ 

0.5 14E+O2 0.91 0.14 Bs/filter 
O.lOlE+O2 10 096OE+Ol 1.05 0.12 ; 
0.652B+Ol 8 0.65OE+Ol 1.00 0.11 ” 
0927B+Ol 10 094OE+Ol 0.99 0.12 ” 
0248E+OO 13 024OE+fXl 1.03 0.22 ” 
0.166E+02 5 O.l82E+O2 0.91 0.09 ” 
0.205E+o2 9 0204E+O2 1.00 0.10 ” 
0326E+O2 10 0.3 12E+o2 1.04 0.12 ” 
0.35OE-01 17 0.39OE-01 0.90 0.19 ” 
0.54OE-01 14 0.504E-01 1.00 0.19 ” 
022OE+Ol 17 0301E+Ol 1.09 021 * 
0.584E+03 18 0.608E+O3 0.96 0.18 Bq/kg 
OA13E+03 10 0.665B+O3 0.62 0.06 ” 
O.l62B+O5 11 0.175%05 0.93 0.10 q 

O.l87B+O3 17 0212E+o3 0.88 0.16 ’ 
O.l18E+03 14 O.l06E+O3 1.11 0.19 ” 
O.l2OE+U2 12 O.l03E+02 1.17 0.15 * 
0.334E+03 16 0323E+O3 1.03 0.19 ” 
0.744E+O2 10 0.702E+O2 1.06 0.12 * 
0279E+O2 13 0385&02 0.98 0.14 * 
OA86E+OO 34 0333E+OO 1.46 0.51 * 
O.l31E+Ol 51 0.307E+OO 4.27 2.22 A 
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Sample Sample 
Date Type Isotope SER Value %Elmr Rp/EML +/- Units 

. . 
“f%J 1 0.97OE-01 23 0.418E-01 2.32 0.56 ” 

3/90 WatK 3; 1 O.l9OE+O4 10 O.l96E+O4 0.97 0.10 ” 
. . %lll 1 O.l07E+O3 10 O.l03E+O3 1.04 0.12 Bq/litex 
. I 57co 1 O.l95E+O3 7 O.l98E+M 0.98 0.09 ” 
. I @%I0 1 O.l84E+O3 7 0206E+O3 0.89 0.08 ” 
” . %r 1 O.l13E+03 9 0.11 lE+O3 1.02 0.11 ” 
. . WI, 1 0.4 17E+O3 6 OA62E+O3 0.90 0.08 ” 
I I 137cs 1 O.l9lE+O3 9 O.l98E+O3 0.96 0.11 ” 
” . 144& 1 0.45OE+O3 10 0.403E+O3 1.12 0.13 ” 
. . =+ll 1 O.l2lE+Ol 12 O.l04E+Ol 1.16 0.18 ” 
I . 2411\111 1 0.882E+OO 17 O.E6OE+OO 1.03 020 ” 
” . w 1 0.7lOE-01 16 0.788E-01 0.90 0.15 ” 

for Fw ISa9Q 

Sample Sample 

3DO Air 

I 

. 

. 

. 

I 

I 

. 

. 

1) 

. 

. 

” 

I 

Soil 
. 
. 

Veg. 
. 

Water 
. 
1) 
1 
. 
. 
. 

%e 
M.34 
Ml54 
57co 
57co 
Qzo 
@co 
‘Ncs 
‘%s 
1370 
137cs 
‘%e 
‘%e 
4q< 
137a 

31Am 
4oK 
137cs 

3H 
%n 
57ch 
eo 
1ws 

0.476E+O2 

EML Value 

0.5 14E+O2 

B&Q 
+/- Units 

0.93 0.15 Bq/fiker 
0.47OE+O2 13 0514E+O2 0.91 0.15 n 
0.889E+Ol 13 096OE+Ol 0.93 0.13 ” 
0.898E+Ol 13 096OE+Ol 0.94 0.13 - 
0526E+Ol 9 0.65OE+Ol 0.81 0.10 ” 
0.536E+Ol 9 0.65OE+Ol 0.82 0.10 ” 
0874E+Ol 9 0.94OE+Ol 0.93 0.11 ” 
0844E+Ol 9 0.94OE+Ol 0.90 0.10 ” 
O.l66E+O2 6 O.l82E+@2 0.91 0.10 ” 
O.l63E+O2 6 O.l82E+@2 0.90 0.10 ” 
O.l88E+O2 13 0.204E+O2 0.92 0.13 II 
O.l82E+M 13 0204E+O2 0.89 0.13 ” 
0278E+O2 11 0312E+O2 0.89 0.11 ” 
0264E+O2 13 0.3 12E+O2 0.85 0.12 ” 
0.627E+O3 10 0.608E+O3 1.03 0.11 Bqtlcg 
O.l87E+O5 10 O.l75E+O5 1.07 0.11 ” 
0.949E+M 10 O.l06E+O3 0.90 0.13 ” 
0.287E+O3 10 0323E+O3 0.89 0.12 ” 
028OE+O2 10 0285E+O2 0.98 0.11 ” 
0203E+O4 3 O.l96E+O4 1.04 0.05 BqAitez 
O.l01E+03 9 O.l03E+O3 0.98 0.11 ” 
O.l8OE+O3 7 O.l98E+O3 0.91 0.08 ” 
O.l86E+O3 6 0206E+O3 0.90 0.08 ” 
0.424E+03 4 o&2+03 0.92 0.06 l 

O.l89E+03 10 O.l98E+O3 0.95 0.11 ” 
0.426R+O3 8 OA03E+O3 1.06 0.10 ” 
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. for IT Corn- 

sample sample EML Value UtiQ 
Date Type Isotope SER Value %Emr RP/EML +/- units 

9/90 1 0355E+O2 0333E+O2 1.07 0.06 Bqbilter 
II 

I 

” 

I 

It 

I 

I 

” 

It 

9m 
I 
n 
I 
I 
I 

9l90 
I 
II 
I 

9/90 
I 
I 
I 
I 
I 
I 
I 
II 
It 
I 

Air 

I 

” 

” 

” 

I 

I 

I 

I 

I 

Soil 
I 
” 
” 
I 
I 

vep. I 
” 
I 

Water 
I 
. 
II 
n 
I 
I 
I 
I 
I 
I 

%vh 
%o 

%o 

9OSr 
l%S 
137c, 

l%e 
=hl 
~hlll 

2 
%r 

13’CS 

=9Pu 
~1AID 

2. 
90Sr 
1% 
2%lI 

3H 
%h 
57co 
%o 
90Sr 
l%s 
137cs 
l%e 
2%u 
~44ro 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

O.l25E+O2 
0238E+O2 
O.l6OE+OO 
O.l71E+O2 
O.l64E+O2 
O.l77B+O2 
0.470E-01 
0.430E-01 
O.l15E+Ol 
0.545E+03 
0.63OE+Ol 
0.2OlE+O3 
O.l3OE+Ol 
O.l5OE+Ol 
021OE+Ol 
O.l09E+O4 
0.76OE+O3 
O.l9OE+O2 
O.l07E+OO 
0.424E+O4 
0.306E+o3 
O.l41E+O4 
0.509E+O3 
O.l15E+O2 
0.363E+O3 
OA03E+O3 
0.917E+o3 
0.87OE+OO 
0.5.5OE+oO 

5 
4 
7 

43 
6 
3 
5 
14 
13 
11 
13 
20 
10 
15 
33 
19 
13 
14 
13 
51 
10 
4 
2 
3 
3 
3 
4 
4 
8 
5 
15 

O.l14E+O2 
0.254E+O2 
0.93OE-01 
O.l63E+O2 
O.WE+O2 
0.165B+02 
0.51OE-01 
0.36OE-01 
0.985%00 
0.513E+O3 
0.833E+Ol 
O.l96E+O3 
0.115B+01 
0.738E+OO 
0219E+Ol 
O.l03E+O4 
0.889E+O3 
0.182&02 
0.959E-01 
039OE+O4 
0301E+O3 
O.l3OE+CM 
OA91E+O3 
0993E+Ol 
0355E+O3 
0.39OE+O3 
0.923E+O3 
O.l09E+Ol 
0.567E+OO 
0.189E-01 

1.10 
0.94 
1.72 
1.05 
1.04 
1.07 
0.92 
1.19 
1.17 
1.06 
0.76 
1.03 
1.13 
2.03 
0.96 
1.06 
0.85 
1.04 
1.12 
1.09 
1.02 
1.08 
1.04 
1.16 
1.02 
1.03 
0.99 
0.80 
0.97 
1.06 

0.06 ; 
0.07 aa 
0.78 ” 
0.07 ” 
0.c4 ” 
0.07 a 
0.19 ” 
0.18 ” 
0.13 ” 
0.15 Bqkg 
0.21 ” 
0.14 - 
0.19 * 
0.75 * 
0.18 ” 
0.16 ” 
0.13 ” 
0.16 ’ 
0.57 ” 
0.15 Bqliter 
0.05 ” 
0.04 ” 
0.05 ” 
0.07 ” 
0.06 m 
0.06 q 

0.05 q 

0.07 ” 
0.09 Is 

“gzr 0.2GOE-01 0.16 * 
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Sample Sample 

for Permilab fSa9u 

EML value BasiQ 

Air 
” 

I 

I 

I 

I 

11 

” 

” 

n 

” 

I 

Soil 
I 

Wt. I 

Wats 
I 
” 
” 
” 
” 
I 

%ln 
%un 
57co 
57co 
@co 
@co 
l%s 
-ks 
137cs 
13’cs 
l%ze 
WZe 
40, 

137cs 
4q< 

137cs 
3H 

%4n 
57co 
%o 
%s 
137c, 
WZe 

1 0332E+O2 
2 0327E+O2 
1 O.l18E+O2 
2 O.l17E+O2 
1 0.226E+O2 
2 0.222E+O2 
1 O.l61E+O2 
2 O.l6OE+O2 
1 O.l57E+O2 
2 O.l56E+O2 
1 O.l65E+02 
2 O.l61E+O2 
1 0.61OE+O3 
1 0.214E+03 
1 O.l03E+O4 
1 O.l68E+02 
1 OAtXE+O4 
1 0.297E+o3 
1 O.l35E+W 
1 0508E+03 
1 0.375E+03 
1 OA13E+03 
1 0.875E+O3 

9 0333E+O2 1.00 
10 0333Ei-02 0.98 
6 O.l14E+O2 1.04 
6 O.l14E+O2 1.03 
7 0254E+O2 0.89 
7 0.254E+O2 0.87 
4 O.l63E&2 0.99 
5 O.l63E+O2 0.98 
10 O.l57E+O2 1.00 
10 O.l57E+O2 0.99 
10 O.l65E+O2 1.00 
9 O.l65E+U2 0.98 

22 0.5 13E+O3 1.19 
10 O.l96E+O3 1.09 
10 O.l03E+O4 1.00 
10 O.l82E+U2 0.92 
5 039OE+O4 1.04 
10 0301E+O3 0.99 
7 O.l3OE+O4 1.04 
7 OA91E+O3 1.03 
5 0355E+O3 1.06 
10 039oE+o3 1.06 
8 0923E+o3 0.95 

0.10 BqNiiter 
0.10 ” 
0.08 ’ 
0.08 ” 
0.07 n 

0.06 q 

0.05 - 
0.05 Ia 
0.11 a 
0.11 m 
0.11 * 
0.10 q 

0.27 Bqlkg 
0.14 ” 
0.12 m 
0.12 I0 
0.11 BqIlitcr 
0.10 q 

0.08 m 

0.08 m 

0.07 I4 
0.11 q 

0.08 q 

7.2.2 

The scope of the envimnmental protection program at Fennilab has broadened over the years. The Laboratory 

has doubled in personnel from the number employed when the fit pmton beam was extracted from the main accelerator 

in 1972. Regulations have changed. Much more emphasis is now being placed on control of hazardous wastes and other 

nonradioactive pllutants. 

As the inventory of radionuclides with potential for release to the environment has grown, the environmental 

monitoring pmgram has expanded. More remote pathways have been explored and additional sampling points have been 

added. Special inve.stigations have been made to measure concentrations and to detect any unexpected movement of 

radionuclides. These investigations would provide any necessary early warnings, giving time to take action before an 

offsite problem occurs. 
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Fermilab has a number of closed water systems which build up inventories of radionuclides, primarily tritium. 

These are sampled periodically to provide information useful for spill contmL Ibe preEautions takeu ate imposed based 

upon the potential environmental impact Gnce the concentration exceeds that which can be released according to DOE 

regulations, then a spill plan is written and becomes part of the Laboratory’s Spill Prevention, Control and 

colmtermeaslJres Plan (SPCC Plan). 

In addition, the Laboratory has strengthened its waste cxAlection and auditing programs. Hazardous waste 

generators cm the site are now required by regulation (4OCFRc) to have a waste minimization program. The Laboratory 

dccuments these efforts in an annual report to the State of Illinois. lbii report also gives the quantities and types of 

hazardous waste generated, stored onsite. and disposed of off the site. The Laboratory does not have an onsite hazardous 

waste disposal facility. 

8.0 

Ihe appmpriatc Radiation Protection Standard for penetrating radiation applied to individuals in uncOntrOUed 

areas was taken from the DOE Grder 5400.5. The annual dose limit for whole body exposure is 100 mrem (1 mSv) 

including all w.pcsure modes. 

The Concentration Guides used in the analyses of the surface water samples for radioactivity were taken from 

DGE Grder 5400.5 (DGE9Oa) and Derived Concentration Guides (DCG); Concentmtions of Radionuclides in Water and 

Ait that could be Continuously Consumed or Inhaled, Respectively, and Not Exceed an Effective Dose Equivalent of 

100 mtem/year (1 mSv/year). These Derived Concentration Guides are based on guidance given in Intemational 

Commission on Radiological Protection (ICRP) Publications 23.26, and 30, Pergamon Press, New York. The source 

for EPA guidance on radon exposure is document EPA-OPA-8BOM. issued in August 1986. The recommended 

residential limit is 4 pCi/liter (11 Bq/liter). 

For analysis of groundwater samples for all radionuclides other than tritium. 4% of the Derived Concentration 

Guide values specified in DOE Grder 5400.5 (DGE9Oa) were used as concentration guides. ‘lb= corresponding to 4 

mrem/year (4 X 10e2 mSv/year) to a full-time consumer of such water to be consistem with the USEpA’s limit specified 

in 40 CFR 141 pertaining to community drinking water systems. For tritium, however, 40 CFR 141 specifically stales 

a limit of 2 X lo-5 pCi/ml for tritium (compared with 8 X 10s5 t&i/ml obtained as 4% of the DOE 5400.5 DCG). Tbe 

smaller value as specified by USEPA is used as the concentration guide for that tndionuclide. The specified sensitivity 

and precision of the analyses are sensitive at 10% or less of these concentration guides. 
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The Air and Watex Pollution Stan&r& for mmxlionc&e pollutants were taken kun Chapters 2 and 3 of the 

State of Illinois Pollution Control Roatd Rules and Regulations (ll75). The waters onsite were considered to be in the 

“general use” category. The value for total bexavaknt chranium for geneml water quality of 0.05 mg/iiter. Ibe 

S~dardsfortotalcoppa~Lthedischargepointandfagcnaalwata~qualityare1.OandO.o2mgn~~y,for 

silver are 0.1 and 0.005 mg/liter mspectively. and for cyaaide are 0.025 mg/iiter for both. 7be maximum contaminant 

level for chloride in water for general use is 500 mg/iiter and the level of total dissolved solids is 1000 mg/litcr. In 

public drinking water the standards for chloride and wal dissolved solids are 250 mg/litex and 500 m@ter. respectively 

@lb). lbe Air Quality Smndards limit the release for ox&s of nitrogen to 136 g (0.3 lbs) per 252 million calories (per 

million But’s) of actual beat input in any one hour. Rely of sulfur dioxide shall not exceed 2000 ppm (Il75). 

lbeappropiatereguiationsforpcBsandhax&ous wastes are found in the U.S. Code of Federal Regulations 

40 CPR 761 and 40 CFR 260265, respectively. The concentration limit is 2 ppm for human consumption of fish. 

4OCPR761.180 U.S. Code of Federal Regulakms 40 CFR 141,142. and 143. 

4OCFRC 

Aw71 

Ba73 

Ba75a 

Ba75h 

Ba82 

Ba85 

Ba86 

Ba89 

Bi91 

U.S. Code of Federai Regulations 40 CFR 302, Table 302.4. 

U.S. Code of Federal Regulakns 40 CFR 260-265. 
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Switzerland, July 1971. 

. . 
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Bo72 

Bu89 

co81 

Co83 

co90 

co9oa 

co91 

Cs62 

DOE88 
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DOE9Ob 

DOE9Oc 

Du82 

Du91 

Ea70 

Ea71 
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