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PREFACE 

This is an Environmental Impact Statement for a proposed research facility (ISABELLE) to be built 
at Brookhaven National Laboratory (BNL) , It has been prepared by the Department of Energy (DOE) 
following guidelines issued for such analyses. In keeping with DOE policy, this statement presents a 
concise and issues-oriented analysis of the significant environmental effects associated with the 
proposed action. Critical review of the significant issues involved with this proposed action was 
greatly facilitated by the use of the BNL Site Environmental Impact Statement (EROA-l540). This docu
ment provides background information about the Laboratory, and is frequently referenced in this report. 

ISABELLE is a proposed physics research facility where beams of protons collide providing 
opportunities to study high energy interactions. The facility would provide two interlaced storage 
ring proton accelerators, each with an energy up to 400 GeV intersecting in six experimental areas. 
The rings are contained in a tunnel with a circumference of 3.8 km (2.3 mi). The facility will occupy 
250 ha (625 acres) in the NW corner of the existing BNL site. 

A draft Environmen tal Impact Statement for this proposed facility was issued for public review 
and comment by DOE on February 21, 1978. The principal areas of concern expressed were in the areas 
of radiological impacts and preservation of cultural values. After consideration of these comments, 
appropriate actions were taken and the text of the statement has been amended to reflect the comments. 
The text was annotated to indicate the origin of the commen t .  Comments were received from the 
following: 

Department of Transportation 
Department of Agriculture 
Department of Health, Education and Welfare 
Environmental Protection Agency 
Charles L. Herlvet: - C:on!l\lltant 
Department of the Interior 
Nuclear Regulatory Commission 
New York State Department of Env1ronmenta1 Conservation 
National Science Foundation 

Copies of the comment letters received are included in Appendix A .  

Also included in Appendices are a glossary of terms, and listings of metric prefixes and 
conversions and symbols and abbreviations. 
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SECTION I 

SUMMARY 

.. 

this environmental impact statement was prepared in accordance with the National Environmental 
Policy Act of 1969 in support of the proposal by the United· States Energy Research and Development· 
Administration, merged on October I, 1977 Into the Department of Energy (DOE), for legislative author
ization and appropriation of funds for the Proton-Proton Storage Accelerator Facility (ISABELLE). The 
facility will conSist of proton-proton colliding-beam storage rings and associated experimental areas 
to be operated in· conjunction with the Alternating Gradient SyncHrotron (AGS) located at Brookhaven 
National Laboratory (BNL). 

High energy physics seeks an undecstanding of energy and the basic constituents of matter through 
studies of the fundamental forces of nature governing their structure and behavior. In the last sev
eral years, new exciting experimental results 'together with theoretical efforts which seem to point to 
an underlying unity among the forces·of nature and to new substructures within the known elementary 
particles make it imperative to extend the exploration of particle physics to higher energies. 

Colliding-beam accelerators have been developed in the last fifteen years wherein two beams trav
eling in opposite directions are made to strike head on yielding much higher energies tban can prac
tically be obtained from the more conventional single-ring accelerators using fixed targets. The only 
proton-proton collidng-beam machine at the present time is at CERN in Switzerland, where proton beams 
of up to 31 billion electron volts (GeV) energy are collided making available 62 GeV of interaction 
energy. The ISABELLE Facility will be such a colliding beam machine consisting of two interlaced mag
net rings housed in an underground tunnel 3.8Km (2.3m1) in circumference. In these rings protons will 
circulate in opposite directions at energies up to 400 GeV, making available interaction energies up 
to 800 GeV. This energy may be compared to the 31 GeV effective interaction energy available at Fermi 
National Laboratory (FNAL) where fixed targets can be bombarded with protons of 500 GeV maximum. 

The new and growing technology of superconductivity will be applied to minimize the total cost of 
ISABELLE. The interlaced magnet rings will consist of hundreds of superconducting steering magnets 
which will generate magnetic fields two or three times as intense as those currently generated with 
conventional copper and. iron magnets with appropriate power conswoptlon of only one-quarter that re
quired for conventional magnets. 

ISABELLE will be located in an area of 250ha (625 acres) adjacent to the Alternating Gradient 
Synchrotron (AGS) in the northwest section of the 2106ha (5265 acre) BNL site. The AGS, an important 
component of the ongoing high energy physics program, will be used to inject protons into ISABELLE. 
Ocher existing facilities and systems at BNL will also be utilized in support of ISABELLE. 

Experiments will be conducted at ISABELLE at the six intersection points where the counter
rotating proton beams collide. Four of the intersection regions will be permanently enclosed by ex
perimental halls while two will be enclosed with shielding blocks to provide the flexibility to accom
modate different experimental requirements. 

Brookhaven National Laboratory is located in central Suffolk County in a region of relatively 
small but growing population. According to land use plans, future population growth will leave open 
space and relatively low density residential development around the Laboratory. In addition, BNt i s  
located within the central east-west corridor o f  indus�rial-commercial zoned land adjacent to main rail 
and expressway transportation arteries. No significant conflicts with federal, state, local, or Labo
ratory land use plans, policies, or controls are expected to arise from the proposed location of the 
ISABELLE facility on the BNL site. 

The construction phase of the ISABELLE project, employing an average of 500 workers, is expected 
to have a duration of approximately five years, from 1979 to 1984. This construction will involve 111 
hectares (276 acres) of which about 86 hectares (214 acres) in the center of the ring will remain un
,Jlllturbed. The effcctc of construct.ton on the ecology of the area will be minimized by post construc
tion restoration. Other impacts of construction including noise generation, dust evolution, visual 
effects. hydrological disruption, and traffic will be temporary and for the most part ameliorated by 
mitigating measures. 

The operation of ISABELLE and the associated experimental apparatus is expected to double the 
Laboratory's present peak electrical demand of approximately 4 2  MW. In the extreme case of power peak 
r.n1.ncidence between ISABELLE and the rest of BNL, the power required would be only 2.6 percent of the 
Long Island Lighting Company's (LILCO) present totl1l peak demand. The yearly C'-'II"uuiytion of electric
ity by the Laboratory includin� ISABELLE is estimated to be 400 x 106 kWh which is approximately 3% of 
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the total amount presently generated by LILeO. Operation of ISABELLE will ",lso require an estimated 
three percent increase in the present Laboratory usage of fossil fuels and a ten percent increase

" 
in 

the Laboratory's total projected average daily pumping rate of water. Since the bulk of this water 
consumption will be recharged to the groundwater, there will be no signific�nt lowering of the under
lying water table. The. effects of operation on noise, wildlife,. traffic and offsite visual appearance 
are expected to be insignificant. The on-site appearance of the ISABELLE facility after restoration 
will be in congruence with other developed areas of the Laboratory. 

ISABELLE will be designed and operated so as to have a �inimal radiological impact on the envi
ronment. Since it will utilize only a small fraction of the total number of protons accelerated b y  
the AGS, it will be a much smaller inherent source of radiation and will produce much less environmen
tal radioactivity than the AGS which characteristically has contributed less than one percent of the 
total attributable to BNL operations. An earthern shielding berm and the earth covering the ring tun
nel will limit radiation from normal operation or from abnormal conditions to well within permissible 
levels. 

The major unavoidable adverse effect due to operation will be the consumption of electrical en
ergy, and, although both peak demand and sustained load can be met oy the Long Island Lighting Company, 
strong efforts will be made to use solar energy and to recover waste process heat. 

The short-term use of part of the BNL site for ISABELLE extending in time through construction 
and opera cion well beyond the year 2uOU will not cause any deterimental effects to the environment and 
will, indeed, to a large degree preserve the flexibility to choose future land use options when ISA
BELLE becomes obsolete. The most significant short-term effects will be the commitment of some re
sources. The electrical energy needed to operate ISABELLE will be consumen, but approximately 65 per
cent of the water used will be returned to the groundwater supply. Construction materials are for the 
most part salvageable and the amounts of critical materials needed for the project are only J::mall ,frac
tions of the amounts available. 

Balanced against these impacts will be the almost immediate beneficial effects that ISABELLE will 
have on the high energy physics programs in the United States and abroad, and the long term gain of un
specified but valuable scientific knowledge. In addition, there will be a beneficial effect on the 
presently recessed economy of the local area where the overall unemployment rate was recently as high 
as 8 percent with the rate in construction trades even higher. 

Several alternatives to constructing a proton-proton colliding-beam accelerator at BNL have been 
considered. These include abandoning the project, postponing the prnject, constructing a conventional 
fixed-target accelerator, using copper or aluminum magnets, changing designs to minimize impacts, and 
building the facility at a different location. 

If ISABELLE were not built. the most ener�etic nucleon-nll(".If>on ("ntlisions available in the l3bo
ratory would continue to be those at the ISR in Europe. The stimulus of research at highp.T p.Ofire;ps 
would be lost and important questions, already evident, whose resolution requires higher energies would 
remain unanswered. The resources committed to ISABELLE could be used for other purposes, but use of 
the land for any residential Ot commercial development would likely have greater adverse environmental 
impacts. 

Postponement of the project would delay any benefits to be gained from increased scientific 
knowledge and exploitation of new technologies. A delay would not lead to major improvements in de
sign, would not change the environmental impact, and would most likely increas� t�e tost or the re
sources utilized. 

A conventional fixed-target machine to achieve an effective interaction energy of 800 GeV would 
require a diameter about 400 times that of ISABELLE �md would be c.ompletely i.mpr"'ctiC!JJ. to t."TIIIS I)f in
creased cost, resource utilization, and environmental impact. An optional design using conventional 
magnets with copper or aluminum conductors was studied and rejected because the size. construction 
costs, electric power, and cooling water requirements were greater than those for the superconducting 
design while the predicted beam performance was inferior. A review of electric power demands, water 
cooling systems, and radiation shielding indicates that other alternative designs would not change en
vironmcntsl �pac.ts significantly. 

Fundamental to locating ISABELLE at Brookhaven is the existence of the AGS as a source of protons 
for filling the rings of the colliding-beam machine. The colliding-beam accelerator could also be con
structed at FNAL, using the accelerator there as a source of protons, with environmental impacts simi
lar to those at Brookhaven. The choice of the FNAL site would imply a highly centralized high energy 
physics .program, and a consequent severe weakening of the program at B�L with adverse effects on the 
diversity and balance of the national program. The FNAL staff and resources, moreover, are heavily 
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commdtted [0 an intensive e�perimental program with the highest energy conventional accelerator and to 
the 'energy doubler/saver project. 

Both economic and environmental costs would be significantly increased if ISABELLE were'built at 
an entirely new site, s:ince this wo'uld require the construction and establishment of essentially 
anotner high energy ac!!elerator -laboratory including an injection" 'synchrotron and various necessary 
support facili�les. . 

The ISABELLE construction is estimated to COSt approximately $250,000,000 and its operation, with 
an' increased staff of 200, $23,000,000 annually. Its location at BNL is compatible with projected land 
use and the environmental impacts occasioned by its construction and operation'will be less' than those 
from almost any other type of conventional development of the proposed site • 

.. , 
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SECTION 2 

DESCRIPTION OF PROPOSED ACTION 

1 Background 

Brookhaven National Laboratory (BNL) is operated by Associated Universities, Inc., as described 
in the BNL Site Environmental impact Statement ERDA-1540 (July 1977). The Laboratory was founded in 
1947 to provide a center for nuclear science in the northeaatern United States. High energy physics 
research has been a major activity at Brookhaven since 1952, when the Cosmotron became the first accel
erator to provide protons with energies well above a billion electron volts. 

The goal of high energy physics is the understanding of energy and matter in their �ost basic 
forms. One seeks to achieve this understanding through studies of the fundamental forces of nature 
which govern the structure and behavior of matter and energy. These studies examine the transforma
tions and interactions among the ultimate constituents of matter. search for new fundamental laws of 
nature, and seek to understand better the established laws of nature. 

Fout basic forces of nature are known. The strong nuclear force. dominant inside the atomic nu
cleus. determines the structure of nuclei and the energy released during their fission and fusion. The 
electromagnetic force. the best understood of the four. acts between charged particles and is the basis 
for electromagnetic radiation. the laws of chemistry. and the structure of the macroscopic world. The 
weak nuclear force is dominant in the interactions of neutrinos with other forms of matter. and also 
governs the radioactive decay of unstable nuclei. The fourth and weakest of the known forces, gravita
tion. determines tne motion of matter on the earth, in the alr, and in space, as well as on the astro
physical scale. 

Brookhaven was one of the first national laboratories devoted to basic research in high energy 
pnysics. There are now a number of such centers in the United States. At each installation there are 
accelerators currently in use as well as plans for new research devices. Accelerators are the instru
ments that enable physicists to explore the fundamental behavior of the Bubnuclear particles. They are 
like microscopes that make th� interactions nnd patterns of the subnuclear world visible. Cyclotrons, 
invented in the 1930's, were early accelerators for protons. Here, ionized hydrogen gas formed into a 
stream of protons is speeded � to high energies. The protons are used as projectiles or probes to 
bombard the nuclei of fixed targets. Physicists then study the effects of the collisions in an attempt 
to understand the nature of the atomic nucleus. Because of the very strong forces which bind the nu
cleus and its constituents together. greater and greater energies are needed to probe constantly 
deeper. 

Some accelerators are circular like the B[ookhaven 3-GeV Cosmotron (which is no longer in opera
tion), while others such as the electron-positron machine at the Stanford Linear Accelerator Center 
(SLAC) are linear. Substantially higher energy protons as probes became available with the discovery 
of the principle of alternaring-gradient focusing. and the construction of the Alternating Gradient 
Synchrotron (AGS) at Brookhaven which began accelerating protons to 33 GeV in 1961. The highest energy 
conventional accelerator, or an accelerator which accelerates subatomic particlea (electrons. protons. 
positrons, alpha particles) to high energies and bombards a fixed target, is now operating at Fermi 
National Accelerator Laboratory (FNAL) near Chicago. This machine which has a circumference of over 
four miles Is capable of bombarding fixed targets with protons of SOO GeV maximu�, but because the tar
gets are fixed, only 31 GeV of this energy is available in the- center-of-mass syste�, 

Extension of this fixed-target technique has limits as a means of achieving higher energies. In 
the last fifteen years colliding-beam devices have been developed where, inatead of having one particle 
beam strike a carget at rest. two counter rotating beams are made to strike head on. With this type of 
device, the maximum amount of energy is released for the miniMum cost. The only colliding-beam machine 
with proton beams existing at the present time is at CERN near Geneva, Switzerland where proton beams 
of up to 3l-CeV energy .are collitletl nlaking availablo 62 GaV if' f!nergy. 

The new facility. ISABET.LE. proposed for Brookhaven. is an example of th19 new approach to obtain 
still higher energies. It will be a colliding-beam machine with proton beams of 400 GeV each whose 
collision will make available energies up to 800 GeV, considerably higher than can b e  obtained at pres
ent fixed-target machines. At ISABELLE the beams �ill collide at six locations around the rings where 
particle detectors will be pOSitioned. By studying the byproducts of the violent interactions. it will 
be possible to reconstruct the physical processes going on during the high energy collisions. 

Scientists from many universities and other laboratories throughout the United States. although 
.,rimarily frolll the northeilS[ area, presently Ut;e the AG� as a rc&earch facilir,.y. often collaborating 
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with members of the BNL staff. 
that about 80% of the research 
other sta.!f members. 

The mode of operation with ISABELLE will be similar, and 
will be done with university participation by professors, 

it is expected 
students, and 

ISABELLE will provide the United States with a new forefront research facility, available to all 
researchers, for continued exploration into the basic constituents of matter. It will employ a new 
technology, namely superconducting magnets. This new development pioneered at Brookhaven will allow 
the use of hundreds of ring steering magnets with magnetic fields two to three times as intense as 
those currently generated and with an electric power consumption only about one-quarter of that for an 
equivalent accelerator constructed with the usual copper and iron magnets. 

In the overall plans of the Department of Energy (DOE), three major High Energy Physics labora
tories are included: FNAL, SLAC-LBL on the west coast, and Brookhaven. The long-range plans of DOE 
call for improved capabilities at each center. Congress authorized the construction of colliding-beam 
device at Stanford Linear Accele'tCitor Center (SLAC) in California in which electrons and positrons will 
collide releasing )0 GeV of energy. It is expe.cted that this machine will be completed in 1980. At 
the Fermi National Accelerator Laboratory (FNAL) the proton beam energy is to be increased by a factor 
o[ 2 with the realization of an Energy/Doubler ring of magnets. This project is currently underway. 

At Brookhaven National Laboratory in New York, emphasis has been on producing a large step in
crease in energy by constructing the proton-proton colliding-beam machine. The project is technically 
ready to go and will provide fully-scoped facility for nat:i.nnfll lIse. 

2.1.1 n"'..sl".dption of 51to 

Brookhaven National Laboratory i s  in lipton. Brookha.ven Town, Suffolk Cnllnty. NI\I'" 'fork about ry6 km 
(60 miles) east of New York City at approximately the geographical center of Long Island (see Figure 
2.l.l-A). The site was formerly Camp Upton and it was used by the Army during World Wars I and II and 
as a ecc Camp for part of the intervening period. It was transferred to the Atomic Energy Commission 
in 1947 for the establishment of BNL. The Army buUiltn8!> have been improved or removed, a�Hl LDU8l labo
ratory departments are now in permanent buildings designed for them. 

The prinCipal facilities are located near the center of the 2106 ha (5265-acre) site (see Figure 
l.l.l-B) in an area of about 2BO ha (700 acres). Two hundred of those hectares (SOD acres) had been 
developed for Army use while the remaining 80 ha (200 acres) were subsequently cleared for construction 
of the large research machine facilities. Outlying facilities, occupying an additional 180 ha (450 
acres), include the apartment area, ecology forest, gamma field. biology farm, landfill and waste man
agement areas, Upland Recharge Project, and sewage disposal plant. The balance of the site (nearly 
80%) is largely wooded and unoccupied. 

As shown in Figure 2.l.l.-B, it is proposed to locate ISABELr..r: in an ar.p.a of Clpproxim.taly 250 ho 
(625 acres) i n  the northw�11!; sector of the LaJ:,orat(lry &ito duo north of �hc A.ltel"l)ating Gra!lient Syn
chrotron (AGS). The terrain of the ISABEl.LE area is gently rolling with a maxin.Ulb difference in eleva
tions of about 9.2 m (30 ft.). The highest. ground is about 27.5 m (90 ft) above sea level. The proj
ect site lies on the west r�m of the shallow Peconic River watershed; a branch of the river itself 
rises in the marshy areas in the north and east sections of the site. 

About 1.2 million people live i n  Suffolk County, and several villages and towns are within a ra
dius of 24 km (15 Nile�). There is a limited amount of a.ircraft traffic in the vicinity of BNL asso
ciated with a small private airport about 3.2 � (2 miles) to the south and a U.S. Naval installation 
operated by Grumman Aerospace Corp. approximately 3.2 km (2 miles) to the east. VehicuLar acce5S to 
the site is from William Floyd �arkway (CR 46), a divided four-lane parkway running north and south 
along the western site boundary. The Long Island Exp�essway (INT 495) borders the southern boundary of 
the Laboratory. 

2.1.2 ItKicting Vo.c11itie5 

2.1.2.1 Alternating Gradient Synchrotron (AGS) 

One of the important components of the U.S. High Energy Physics Program is the circular AGS 
(Alternating Gradient Synchrotron) at Brookhaven National T.Ahnrl>tory. This m.:Jchinc is capable v[ .. c
tele'tating protons to 33 GeV. The proton beam is utilized directly in experiments or to produce a va
riety o f  secondary beams to an array of experimental installations. The AGS consists of a number of 
technical components positioned in a circular tunnel covered by earth shielding. The dominant elements 
are 240 bending-focusing magnets that bend the beam in a circular orbit. The machine tunnel is 805 
mete'tg (0.5 mile) long, interrupted in two locations by experimental areas. The ci'tculating beam is 
extracted into adjacent experimental halls where the detector apparatus is located. 
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The beam contains about 1013 protons in a typical pulse. Since the beam is normally used to pro
duce other particles, it is carefully removed (extracted) from the accelerator after reaching the de
sired energy. It is transported inside a concrete and steel-shielded tunnel to a target area. Second
ary particles produced from the target are in turn conveyed through shielded passageways to experimen
tal apparatus. The unused primary protons are safely dispersed in a beam dump. 

2.1.2.2 Laboratory Support Facilities 6. Services 

This section identifies those Laboratory support facilities & services affected by ISABELLE in 
enough detail to enable the reader [0 understand their general nature as background for consideration 
of environmental impacts in Section 4. More detailed descriptions'of these facilities and services may 
be found in ERDA 1540, Environmental Statement for Brookhaven National Laboratory. 

2.1.2.2.1 Central Steam Plant 

The Laboratory's Steam Generating System consists of two 27,000 kg/hr (60,OOo-lb/hr) boilers, one 
20,250 kg/hr (45,OOO-lb/hr) boiler, and one 81,000 kg/hr (180.000-lb/hr) boiler (total design steam 
capacity, 155,250 kg/hr (345,00o-lb/hr). Each boiler is served by an individual stack. 

the high pressure steam, used ior both heating and cooling, is 'carried through an underground 
network of insulated pipes to buildings nnd fatilitie� throughout the Laboratory complex. The average 
load is 76,500 kg/hr (170,OOO-lb/hr) in wint!!r aL,d 40,500 kg/hr (90,OOO-lb/h!,) in sumnzer. 

The steam plant is fueled with Number 6 oil containing approximately 1% sulphur. At its present 
level of operation. steam plant effluents are within the prescribed limits. 

2.1.2.2.2 Sanitary and Laboratory Liquid Waste Systems 

The sewage collection system consists of about 24 � (15 miles) of underground tile drains, all 
leading to a sewage treatment plant, which is appro:Kimately 2.4. km (1.5 miles) northeast of the main 
building complex at BNL. The infl\1ent flows by gravity through a' collection system into a clarifier, 
where solids are settled out, and then to two of a set of'si� sa'nd filter beds. After seeping down 
through the sand, the water is recovered by an underground tile field and, after chlorination. empties 
intO an open ditch which becomes the headwaters of the west branch of the Peconic River. The sludge 
from the clarifier is put through a biological digestion process that further destroys the organic mat
ter b�for� it is commirted tn fin�l di�pnSA1. The HNL SAf�ty And Environm�nt�l Prot��tion DiviAion 
regularly monitors filt'ered influent and effluent at the plant, anl also the radioactivity in the 
sludge. Administrative controls prevent the release of significant quantities of radioactive and 
otherwise hazardoUS agents (see ERDA 1540 Appendi� G). The optimum treatment capacity for this facil
ity is 8700 kl/d (2.3 mgd). and operation would be satisfactory up to 11,000 kl/d (3.0 mgd). The ex
isting flow is 5500 kl/d (1.5 mgd), and 3,000 kl/d (0.8 mgd) is allowed for future increases. 

2.1.2.2.3 Existing Electric Power Supply System 

Electric power is supplied to BNt by the Long Island Lighting Company (LILCO) directly from its 
transmission system. Two 69,OOO-V transmission lines extend from tILCO's Brookhavep substation immedi
ately east of the Laboratory boundary to two main BNL substations. where the voltage level is reduced 
to 13,800 v. 

Power at 13,800 V is distributed to the Laboratory faciliti'es by Underground cables installed in 
ducts, most of which are encased 'in a concrete envelope. In major buildings, voltage is transformed to 
utilization levels, either by dry transformers inside or by oil-filled transformers outside. All out
door substations are enclosed by chain link fences and are provided with crushed stone ground cover. 

2.1.2.2.4 Radioactive and Hazardous Waste Management Facilities 

The handling, packaginS. and/or final disposition of all radioactive and otherwise hazardous 
waste materials generated at BNL are accomplished by the Waste Management Group of the Safety and En
vironmental Protection Division in compliance with applicable DOE and Department of Transportation 
(DOT) standards. This group operates the Reclamation Facility and the Waste Management Area. 

The Reclamation operation represents the first line of Waste Management in that it returns decon
taminated materials and components to service and thus minimizes waste generation. This facility, lo
cated on the eastern fringe of the developed portion of the Laboratory site, has a variety of equipment 
capable of performing specialized decontamination operations. 
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The Waste Management Facility is located in an isolated fenced 4.8 ha (12-acre) area in the 
southeastern portion of the Laboratory site. The principal waste management operations involve collec
tion, sorting, processing, packaging, and transportation off site for disposal when necessary. Small 
amounts of radioactive waste may also be provided with interim storage at this facility pending ulti
mate disposal. 

2.1.2.2.5 Nonhazardous Solid Waste Disposal System 

The Laboratory landfill site occupies about 1.2 ha (3 acres) approximately one-half mile east of 
the major building area. Solid waste, which is collected five days a week from various sources on 
site, is deposited on the landfill, distributed, compacted with bulldozing equipment and covered daily 
with clean fill from an adjacent sandy area. The applicable Environmental Protection Agency (EPA) reg
ulations (40 CFR 241) are met in the operation of this landfill. The landfill has been In operation 
for about nine years, and the estimated capacity is sufficient for at least another eight. 

2.1.2.2.6 Water Supply SYGtcms 

The water supply system at BNL consists of a potable water system for domestic use, cooling wa
ter, and other process needs; and two other separate systems used exclusively for cooli.ng. 

'l'he domestic water system is supplied by six wells with deep well vertical PUJ'DpS, all drawing 
from the uppermost geological deposit, the Pleistocene sand formation that occurs at the site. Water 
from the various wells is delive.red to the distribution system after having, for the most part, been 
processed through the Water Treatment Plant. The Treatment Plant, which was built in 1963 primarily 
for removing iron and neutralizing the water, is designed to have a hydraulic capacity of 24,600 kl/d 
(6.5 mgd). Treatment consists of aeration, neutrali:-:.'lt1.';m, coagulation, settling, and filtration. 
Presently the plant processes approximately 15,000 kl/d (4 mgd). 

The potable water supply is used ·for all domestic purposes in various buildings·at BNL and also 
serves as the basis for the fire protection system. In addition, various facilities such as the AGS 
and the High Flux Beam Reactor (HFBR) utilize dOmestic water for process purposes. Presently the do
mestic well supply is pumped at approxiD:la.tely 60:: of its rated capacity of 29.200 kl/d (7.7 mgd). 

Two separate systems use raw water for once through cooling, one at the AGS and the other at the 
Medical Research Center (MRC). Their supply wells remove water from the Pleistocene fotTllation men
tioned above, with the exception of one we'll-which enters the Hagothy formation. The three wells which 
presently feed the ACS have a rated capacity of approximately 12,900 kl/d (3.4 mgd), and are presently 
utilized to deliver approximately 5,500 kl/d (1.5 mgd) of water. Water treatment for this system is 
provided at each well by chemicals which are introduced into the pump discharge. - Pho!:phates are added 
to complex the iron to keep it in solution (See ERDA 1540). 

1.1.2.2.7 lLnvironmcnM.l Honitori.1.1'; 

liNL maintains a state of the art Environment",l Monitoring Program aimcd at ascertaining the ilu
pa�t. i£ any, of the operation of BNL on the environment. 

This program is designed (a) to look at the amount of radioactivity and other potential environ
mental contaminants in the gaseous and liquid effluents fLom BNL and_ (h) to estimate any increment in 
radiation dose to the general public as a result therenf. 

This program is essentially divided into three �f;ctions. sampling • .:tOilTyRi.S 1m" r1,.t .. intorpcot.Ol
tion. and review of the samp1ing program. 

Sampling: The sampling program is designed to look at gaseous and liquid effluents. The loca
tion of p;aseous effluent monitors r.OI;rlP.spnnrl ... t" the prfildolllin3nt \/1nd direction.... !;fl",,-i.:tl �"'I,ht1';.h: Ii<lll 
been given to monitoring groundwater contamination. Attached Figures (2.1.2.2.7-A and B) indicate the 
water sampling locations. This is accomplished by a network of surveillance wells located in the es
tablished downstream direction of the ground-water flow. 1n addition, external radiation levels, which 
include natural background, are also monitored at specific sites. 

Analysis: In general, "state of the art" instrumentation is deployed in analyzing the environ
mental samples. 

Radioactive Analysis: The instruments are designed to determine gross beta, gross alpha, gamma 
activity. and alpha spectrometry. The acquisition of a l45-cc active volume Ge(Li) Sy�tem with 28.5� 
efficiency has enhanced our gamma spectrometry. This system is also designed for a variety of environ
mental samples, such as: air filter, water, soil, vegetation and animal samples. The ambient 
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radiation levels are measured 
( 1 . 6  gal.) ion-chamber, and a 
cal analyses of environmental 

by using thermoluminescent dosimeters (TLD) , an unpressurized 6-liter 
dynamic electrometer. The Laboratory is also equipped to do radiochemi
samples to estimate 3H ,  90Sr, 1311, and transuranic content. 

Nonradioactive Analysis: The analyt ical laboratory of Safety and Environmental Protection Divi
sion is equipped to routinely measure water quality parameters, such as pH, phosphates, nitrates, 
chlorides, and other components as deemed necessary, In addition, the acquisition of an atomic absorp
tion spectrometer and a gas chromatograph has extended the capability to include trace element and or
ganic compound analyses. There will, therefore, be no problem in increasing the Laboratory ' s  future 
analytical capability to include other pollutants. 

Data interpretation and review of the sampling program: The data collected by the Environmental 
Monitoring group are published in the format of an Annual Environmental Monitoring Report. In the 
process of writing the report, a review of the sampling program is initiated and modifications of the 
Environmental Monitoring program are incorporated i f  necessary. 

2 . 2  Description 

The proposed colliding-beam facility, ISABELLE, will provide the capability of studying proton
proton interactions to very high energies. , The facility,will include two interlaced magnet storage 
Tines wi.th experimental areas to house particle detectors at six locations where the rings intersect, 
tunnels containing equipment to' direct 33 GeV protons from an existing external proton beam channel at 
the AGS and inject them in cloc�ise and countetclockwise directions respectively in the two ISABELLE 
rings, a multipurpose service building and six support buildings, and necessary roads and utility sys
tems . 

2 . 2 . 1  ISABELLE Experimental Programs 

At each of the six interaction points of ISABELLE , where proton beams collide, experiments will 
be set u p ' t o  observe the nature and Qehavior of the particles coming from those collisions. The elec
tronic detection equipment used in high energy physics experiments is sufficiently sensitive that a 
single particle r.nn be detected, with position tecorded ,to a fraction of a millimeter. Two or more 
position measurements on a particle give its direction. Three at mote position measurements with a 
magnetic field measure the energy , if the mass is known. An appropriate combination of measurements 
can determine the mass of the particle or other p.roper�ies that identify� i t .  

I n  designing expetiments t o  b e  catried out a t  ISABELLE , the main objective i s  t o  devise observa
ti�ns that determine important propetties of particles or provide comparisons with theoretical predic
tions. Of particular interest ate those investigations which will serve to test and exPiote a new pic
ture of particles and their. intera'ctions that has been gaining increasing acceptance. According to 
this picture, the proton for example, is ' made up of pointlike constituents called quarks . 

This general picture of the proton as an extended composite of pointli�e constituents leads us to 
seek experimental information on the interactions'. We wili collide protons with each oth�r and in ef
fect study the properties of colliding quarks ,or in some ' cases colliding quarks and a,ntiquarks leading 
to the production of new particles such as W mesons ,  heavy photons, heavy muons ,  o r ,  hopefully, charmed 
particles. .. 

The detection equipment ,  involving scintillation'counters, multiwire proportional chambers, drift 
chambers, Cerenkov counters , shower counters and associated magnets, cal�rimeters, and other devices, 
viII be set up in the expetimen tal halls. Some experiments will utilize ope,n areas, and will be en
closed in concrete block shielding, Electronics, computers for data acquisition, and working space for 
the experimenters will be provided in temporary structures on the hardstand areas on the inside of the 
ISABELLE ring neat the experimental 'halls . , , '  

Tn�r� 1 1 � r ; nn o f  expe'imen�al equipment will begin when ISABELLE i s  nearly completed. and some ex
periments will be teady for testing as soon as colliding beams are available, Soon afterwards, experi
ments will be at a data-taking stage in all six intersection regions. During normal operation, ISA
BELLE proton beams will be availab le from 20 to 24 hours a day, and experiments will be manned on an 
around-the-clock basiS. A detailed operational schedule for ISABELLE has not been setup yet and prob
ably will not be fixed until ISABELLE is actually operating. It is assumed that ISABELLE is in opera
tion 30 weeks per year out of 5 2 ,  with the remaining time turned off for maintenance, experimental 
chan�es, and such purposes. During a week of operation we assume 5 days on and 2 days off. For each 
of the 5 days of operation we assume 3 fills of each ring at maximum intensity. A typical high energy 
physics run will last about a day, so this allows two additional fillings of the rings per day, or ten 
per week, for machine studies, Thp. rRtio of protons �sed fQr machine studies to protons used for phys
ic� re�ear::h iii 2 to I .  In many case�, of course, machine studies can be carried out at low intensity, 
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so there may be more than 10 fillings per week for machine studies in such a case. Of course these 
numbers are not advanced as limits, but as estimates of what actual operation might be like. 

In any given day, the number of people working on these experiments is expected to be about laO, 
representing 10 to 20 high energy physics laboratories. During the overall lifetime of ISABELLE, most 
United States institutions concerned with high energy physics research will utilize ISABELLE to some 
degree, and there will be substantial foreign participation as well. No other accelerator now in ex
istence or under construction anywhere in the world offers the same capabilities for research. 

2 . 2 . 2  ISABELLE Systems and Facilities 

2 . 2 . 2 . 1  Storage Rings 

The proposed facility will consist of two interlaced magnet rings providing the bending and fo
cusing fields for counter rotating proton beams. The configuration will essentially be a circle broken 
by six symmetrically placed long straight segments where the beam lines cross. Its circumference will 
be 3767 m (12,358 ft) . The magnet arcs will be enclosed by an approximately semicircular tunnel about 
4 . 6  m x 3 . 1  m (15 ft.  x 1 0 . 2  f t . )  in cross section, the floor cif which is located at approximately 20 m 
(65 ft) above mean sea level. This tunnel will be coveted by 4 m (13 ft) of earth for radiation 
shielding. At the locations of the' straight segments in the storage rings, experimental halls will be 
constructed for enclosure of the experimental apparatus around the colliding proton beams . These 
structures will be surrounded by approximately 4 m (D ft) of earth shielding. A rouon shield (Earth 
Berm) is provided in the median plane around the ring. The winth v�ries from 92 m (300 ft) to 18 m 
(58 ft)  and the shield extends to about 4 . 0  m (13 f t ) .  above beam elevation. 

The ISABELLE magnet system will be su·perconducting because of the enhanced performance capability 
and reduced electric power consumption· made possible by thi� approach. There will be a total of ' .l H i  
superconduc.ting magnets in the two storage rings. 'The magnet des1.gn makes use of superconducting coils 
wound with a flat conductor braided from niobium-titanium wires. The operating temperature of the mag
nets will be 4 . 0  K (-269. 1°C) . Cooling of the magnets will be achieved by forced circulation of high 
r"P"5S�lre (15 <lem) helium gas. 

The proposed storage ri2gs are designed to · generate a reaction rate per unit reaction cross sec
t ion (luminOSity) of 1033 cm- sec-l at beam energies of 400 GeV. This will be achieved by storing B A 
of proton beam current in each ring and bringing these energetic particle beams into collision in the 
interaction regions within the experimental detectors. In order to preserve these high intensity beams 
for a long time for beam collisions . ·a very his:h vacuum .is required in the beam chamber:. Loading of 
the storage rings will typically occur once per day by injecting the proton beam from the existing 33 
GeV proton Alternating Gradient Synchrotron, wh�ch is presently being used for particle pnysics experi
ments. After multiple injection of the AGS beam in each storage ring, the beams are formed into three 
beam bunches, which are then accelerated to the desired energy of operation, where the bunches are 
spread out uniformly around the storage ring. 

2 . 2 . 2 . 2  Transfer Sections 

The 33-GeV proton beam is presently transporte.d from a fast beam deflection device, located in 
the AGS ring, to the 2 . 1  III (7-ft) diameter liquid hydrogen bubble chamber. The beam for ISABELLE will 
be branched off from this existing external beam channel and transported via an embanked tunnel branch
ing section in two separate tunnels to the ISABELLE injection locations. These beam transport enclo
sures will be constructed similarly to the main magnet enclosure but will be smaller in cross
sectional area. Interior dimensions are 2 . 5  m (8 ft) by 2.5 m (8 ft).  covered by 3.5  III (11 .5  ft) of 
earth shielding. The total length. of the straight section, branchin3 section, and two separate tunnel 
branches is about 579 m (1899 f e )  . .For the beam transfer lines, room temperature water-cooled bending 
and focusing magnets will be used since operation of these elements are required for only a short pe
riod per day. Consequently, power consumption will be minimized. 

1 . 2 . 2 . 3  Experimental Areas 

Because of the great variety of experiments planned with the energetic collintng ptoton beams, 
specialized experimental halls will be built enclosing the interact.ion regions • .  Fl)ur of these will be 
permanently enclosed and two will be enclosed with moveable concrete shielding blocks to provide 
greater flexibility in the possible experimental arrangements. Experimenters' detection electronics 
and auxiliary equipment will be located outside the experimental enclosures in movable structures po
si tioned on a paved yard area. A typical view of an experimental hall is shown in Fig. 2 . 2 . 2 . 3-A. Ac
cess to the experimental halls will be through concrete shield doors. Three of the permanently covered 
experimental structures will be serviced by 36 H.T.  (40-ton) cranes, and the fourth by a 9 H.T. (la
ton) crane. Shielding will be provided by adopting a building construction method making use of square 
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precast concrete sIlos for the side walla of the structures which are filled with a sand/gravel mix
ture, available on site. Roof structures will consist of reinforced concrete roof members covered with 
a 2-m (6.6 ft) layer of sand. 

2 . 2 . 2 . 4  PhYSical Plant: 

Injection Tunnel: 

The existing beam transport: tunnel froro the ACS requires the existing switch-out: tunnel to be 
modified to accommodate the new ISABELLE injection beam line. The dimensions of this enclosure are ap
proximately 2 . 5  m (8 ft) wide by 2 . 5  m (8 ft) high, snd the total length is approximately 579 m (1853 
ft) . A separate support building housing the injection power supply will be constructed at the con
junction point where the enclosure branches into two separate tunnels. This building will be approxi
mately 557 m2 (5987.8 sq f t )  and wlll house injection power aupplies and ancillary equipment:. 

MAin M�gnet Tunnel: 

The location of the ISABELLE ring recognizes the need for adequate radiation protection at the 
site boundaries. The circumference of the ring is 3,767 m (12,356 f t )  and the beam tunnel is 4 . 6  III 
(15.0 fe) wide by 3 . 1 III (10.7 f t )  high. However, an enlarged tunnel, 6 . 0  m wide by 3.65 III high, (19.7 
ft by 12 ft) is provided adjacent to the experimental areas. The tunnel structure will be covered with 
4 . 0  m (13.0 ft) of earth. The muon shield 's width varies from approximately 92 m (300 ft) at its 
thickest point on the site to sbout 18 m (�R fr)  �t the southeast sector. The height of the muon 
shield is about 4 . 0  III (13 ft) above beam elevation. 

Experimental Halls : 

The locations and dimensions of the six experimental halls are shown in Table 2 . 2 .2.4-1. In each 
case, an enlarged tunnel, 6.0 m (19.7 ft) in width by 3.65 III (12 ft) in height, connects both ends of 
the expetimental halls to the ends of the straight sections. The total length of an enlarged tunnel is 
approximately 160 III (525.6 f t )  less the length of the experimental hall within the straight section. 
In the case of the injection areas, the enlarged tunnel continues beyond the end of the straight sec
tion to the point of conj unction of the main ring enclosure and the beam injection tunnel. As previ
ously mentioned the permanently enclosed halls sre constructed of precast conc rete silos on reinforced 
concrete foundations. The exterior cell walls are approximately 3 . 5  m (11.5 ft) thick and are filled 
with sand and gravel for shielding purpose.. Precast concrete roof beams 1 m (3.3 ft) thick will form 
the roof structure and will be covered with 2 III (6.6 ft) of sand for shieldlng. Access to a hall will 
be through a large shield door from the paved ysrd adjacent to the hall. Interior space will be 
heated, ventilated, lighted and fire protected as required. The 3 and 9 o ' clock expeT1m�n r�l TPe1nn� 
will be constructed with portable concrete shield blocks to enclose the beam and provide experimental 
flexibility. 

Table 2 . .2 . .2.4 I 

Dimensions of Experimental Fac ilities 

Length Width Height 
Location m (ft) m (ft) III (ft) Enclosure 

One 0 ' clock. 100 (328) 8 (26) 6 (20) pprm�np.nt 

Three " " (17) 54 (17) TemporATY 

Five " 15 (49) 48 (157) 11 (36) Permanent 

Seven " 60 (197) 18 ( SO) 15 (/19) Pcrmoncnt 

Nine " 54 (17) 54 (17) Temporary 

Eleven " 60 (197) 18 (59) 15 (49) Permanent 

*12 o ' clock - north 
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Support Buildings : 

At each of the six experimental areas a support building will be provided to house services for 
the respective areas. These buildings will be approximately 107 m2 (1151 sq ft) in area and contain 
e��ce for mechanical equipment, rest rooms, snd experiments. 

ISABELLE Service Building: 

At the 5 o ' clock region of the main ring, a large multipurpose service building will be con
structed adjacent to the experimental hall. This structure will contain space for all main magnet sup
port systems including the central cryogenic plant, r f  and power supply equipment, ejection dump equip
ment, and other supporting apparatus for the machine. The central control room, computer ares, rf con
trol, and technical supporting services will be provided in a wing contiguous to the aforementioned ma
chine equipment areas. Several offices, a conference room, toilets, a locker room, a stock-room, a 
tech shop, e tc . ,  will complete the facility. A paved yard area will provide access to gas storage and 
cryogenic areas. A parking area adjacent to building for personnel will be provided. The total area 
of the building will be approximately SOOO m2 (53,800 sq f t ) .  

Roads: 

The inner-ring road and the access roads, crossing into the ring, will cons titute a total of 5 km 
(3 miles ) .  The new road network to ISABELLE will be basically an extension of the present system serv
ing the AGS . 

Utilities: 

Thc underground utilities includi.ng water, telephone, and fire alarm and the 13. 8-kV primary ser
vice will follow the circumference of the ring. The sanitary, steam and condensate lines, and heavy 
electrical power feeders to the helium compressors will be extensions of the existing site utilities 
system. The proposed utilities distribution system will parallel the road network wherever pOSSible, 
thereby minimizing the dis turbance of existing vegetation. 

2.2 . 2 . 5  ConstrlLction Schedule 

Preliminary site development for ISABELLE will start in 1978. 

The actual 
ational 1n 1985. 
and construction 
ings, roads, and 

construction of ISABELLE will begin in 1979 with the machine scheduled to become oper
Within this schedule, land improvemen ts for the project will be completed in 1982, 

of the injection and main ring tunnels, experimental halls, service and support build
utilities will be completed one year later. 

In parallel with construction of these facilities, technical components for the project will be 
procured, assembled, installed, and tested as the facilities are available for occupancy. 

Major component and systems testing will begin 1n 1984 and culminat e  in late 1985 after installa
tion of the various machine systems are completed. 

2 . 3  Anticipated Benefits 

This subsection attempts to document the technical and Bocio-economic benefits that will be de
rived from the proposed construction and operation of the ISABELLE proj ect. 

2 . 3 . 1  Technical 

The ISABELLE storage ring project will e�tend the available reaction energy in proton-proton col
lisions to 800 GeV, thus expanding by more than 10 times our reach into previously unexplored regions. 
Tho available reactlnn pnprBY \01,;11 far exceed that obtainable at the world ' s  highest energy accelera
tor, even though the energy of each circulating beam is lower. This is true because when two oppow 
sitely directed particles of the same molllentum collide, the total energy, 1 .e . ,  the SWII of th.eir ener
gies, is available to the reaction. In contrast, when a beam particle frolll a conventional accelerator 
strikes a stat ionary target particle, Illost of its energy is necessarily tied up in the continuing for
ward motion of the reaction products as required by the law of conservation of momentum. Only a small 
fraction of the enersy of the incident particle is available to the reaction. This fact is illustrated 
in Table 2 . 3.1-1 which shows the available reaction energy for the four highest energy mac-hines now op
erating, including the world ' s  only proton-proton colliding-heam device. the CERN Intersecting Storage 

lnp,s (lSR). This table shows that the r�ABF.T.1.E facility wUI provide available reaction energies more 
IH" Cl L'I(.tot" of 10 higher than thoBe availahle from any oth!!"r ma(,hi ne. 
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Table 2 . 3 . 1-1 

AVAILABLE REACTION ENERGY FROM VARIOUS HIGH ENERGY MACHINES 

Available 
folachine Reaction EnerSl 

FNAL (50Q-GeV proton accelerator 31.0 G •• 

CERN II (400-GeV Pl'"oton accelerator) 27.4 G •• 

[SR (JI-GeV p-p storage ring) 62.0 Go' 

AGS (33-GeV proton accelerator) 7 . 0  C.V 

ISABELLE ( 400-C.�V p-p storage rings) 800.0 G •• 

It is interesting to note that a proton accelerator capable of producing the same available reac
tion energy 8S ISABELLE by striking stationary target protons would have to accelerate the protons to 
almost half a million GeV, about a thousand times the energy of the FNAL acr.eleriHnr. 

Another major technological benefit from the construction of ISABELLE will be the large-scale use 
of super conducting magnets. These magnets can be energi�ed to very high magnetic fields in an effi
cient manner. Not only can they be operated at fields 2.5. tf.mes stl:onger than convent1,onal I!Iagnets 
with copper COils, but they achieve these properties with only one-quarter the electrical energy. Be
cause of the stronger fields, the magnet ring is 2 . 5  times smaller than it would be with conventional 
magnets and the costs of construction and operation of ISABELLE are relatively �dest. 

Since i t  is eltpected that superconductivity will play a major role in the future generation and 
transmission of electrical energy, the experience on ISABELLE with large systems will be very valuable. 
This is equally true for the cryogenic system, refrigerators and large, dry screw compressors needed to 
cool the magnets to 4 K. 

2 . 3 . 2  Socia-Economic 

The social-economic benefits derived from the construction and operation of the proposed ISABELLE 
accelerator are discussed in detail in this Statement in Section 4 . 2 . 1 . 8 ,  Indeed this proposed proj
ect, whose present cost is estimated a t  approximately $250 million for construction. will have stimu
lating effects on the presently recessed regional economy of Long Island. A significant number of ad
ditional jobs will be created for the five-year period of construction �� well as permanent Laboratory 
posltlorts during the subsequent perioa ot machine operation, Additional revenues will also be brought 
in by visiting scientists and scholars both from the United States and abroad. The project will bol
ster the regional economy, not only through the work involved in site preparation and general facility 
cunstruction, but also through the fabrication of machine hardware itself for which technology is 
available in the immediate area. Moreover, the Laboratory ' s  sociocultul'"al impact in terms of stimula
tion of local academia and industry will be further enhanced by the operation of this facility. 
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SECTION 3 

CHARACTERIZATION OF EXISTING ENVIRONMENT 

In this section, the environmental aspects of the ISABELLE site are described with respect to 
.hose features that are related to t�e construction and operation of this facility. Mor� detailed in

formation concerning the existing environment may be found in ERDA 1540, Environmental Statement, 
Bruokhaven National L:J.bor<ltory. 

3.1 Land Use and Demography 

Until recently, "urban sprawl" has been the predominant type of developmen t in the local area; 
however, creation of a regional planning commission and increasing awareness of the fragile nature of 
the environment have led to design of a Nassau-Suffolk Bicounty Master Plan to guide future develop
ment. This document is further complemented on the local level by a Brookhaven Town Master Plan. In 
both of these documents the operation of the Laboratory,. ,as - well as antieip�t�d future projects en 
this site such as ISABELLE , is considered in terms of the projected land use and the population dis
tributions for Long Island. 

' Industrial-commercial zoned land is found mostly along the central east-west spine of, the Island, 
along the main transportation arteries. Major .industrial parks exist or are planned' along the Long 
Island Expressway . In this way jobs are, most , accessible to residents; traffic and noise pollution are 
minimized. From the central corridor toward the shorelines, residential density decreases. Clustered 
residential-commercial development'� is encouraged so that- areas 10'111 be left fOF open space and parks. 
One such clustered development is presently unde r. construction just southwe'st of the BNL site, and 
another is planned for constructi.on northwest of the BNL- site'. Many of the older. developed villages . 
like Patchogue and Rive�head are centers of both light industry and commerce as well as residential 
areas, and these are expected to be maintained. The eastern end of the 'Island is valuable agricultural 
and resort-recreational land and will be encouraged- to remain so. 

The Laboratory is located in central Suffolk County, just lat the fringe of developed areas, in 
a region of. rel �tively small but growing population. In 'Suffolk County, natural population growth 
added 120,000 persons between 1960 and 1970, and rn-migration added -360,000. The total population was 
1 . 1 3  million in 1970, 1 . 3 2  million in 1977, and is expected to continue to increase to approximately 
1 . 5 7  million by 1980. tn the immediate vicinity of BNL, the growth rate is about 20 to )OI per y�i:Il'. 
The population density in Suffolk County is now about 3 . 5  persons per acre. Near BNL, it is 1 person 
per acre, but is eKpected to increase .to several persons per acre by the early 1980 ' s .  

The population distribution around BNL is. shown In Figure 3 . l-A on 8 polar grid of 2 2 . 5  degrees 
arc segments, centered on north; with its 'origin at the BNL Reactor Stack, superimposed on a regional 
map. The populations Within a few miles of BNL represent densities ·of about one person per acre. 
Along the north and south shores densities' are typically several persons per acre. Nl)rth, by ap
proximately 32 km (20 miles ) ,  is Connecticut, with densf.ties 'ranging from several persons per acre to 
greater than ten persons per ,acre in 'city areas. West of BNL, the density rises rapidly ftom one per
son per acre nearby to five at the Nassau-Su'ffo1k b'order (w and' WSW about 48 km 00 miles) to ten at 
the Nassau-New York City border (I.' and WSW abOut, 72 'km (45 mi'les) ,' The ' total population within a 80 
km (50-mile) radius is apprOximately 4 . 8  million.-

- '. ,  �,
' 

The implications of land use and demography for BNL operations are two-fold. One: BNL is 
ideally located within the desired corridor-cluster centet concept of the land use plan, and is adja
cent to rall and expressway transportation links. TWo : the present population around BHL is small 
and future population growth, according to the land use plan, will leave open space and relatively low 
density reSidential development in the surrounding area, minimizing future impacts. 

3 . 2  Geology and Seismology 

Geology 

BNL is located on Long Island which was formed by the terminal moraines of the last two glacia
tions. The Lab site is in the upper part of the Peconic River Valley which is bordered by two lines 
of low hills. These hills extend east and west beyond the limits of the valley nearly the full length 
of Long Island and form its most prominent topographic features. 
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Just west of the Laboratory the two moraines are connected by a narrow north-south ridge for 
which the hamlet of Ridge is named. East of this ridge, and enclosed by it and the two moraines, is 
the Manorville Basin. The Laboratory grounds are on the Basin ' s  relatively high west margin. 

Surface deposits vary in texture from place to place. Soil types on site include Atsion sand, 
Jerryland mucky sand, Carver· and Plymouth sands, Deerfield sand, Haven loam, Plymouth loamy sand, 
Raynham loam, Riverhead sand loam, Scio silt loam, Sandy substrata, Sudbury sand loam, Walpole sandy 
loam, and Wareham loamy sand. (See Figure 3 . 2-A.*) 

The BNL site has a gently rolling topography (see Figure 3 . 2-B) . The highest ground of the 
ISABELLE site is about 30.5 m (100 feet) above sea level, and the maximum difference in elevation is 
about 9 . 2  III (30 feet) . 

Seismology 

The probability of occurrence in the BNL area of an earthquake sufficiently intense to damage 
buildings and reactor structures was thoroughly investigated during construction of the graphite 
reactor. It is the consensus of seismologists that no significant quakes are to be expected in the 
foreseeable future. 

Table 3 . 2-1 shows that no earthquake .has yet been rec9rded in the BNL area with an intensity in 
excess of modified Mercalli III equivalent to 1 to a cm/sec (O. � in. to 3 in. sec2 acceleration). 
However, since Long Island lies in a zone I ,  ("minor damage") , seismic probability area, it has been 
assumed that an earthquake of intensity VII (e.g. damage neligible in buildings of good design and 
construction) could occur. No active earthquake-producing faults are known in the Long Island area. 

TABLE 3 . 2-1 

Earthquakes in the Central Long Island Area* 

E2icenter 

Year Date Lat. (N) Long. (W) 

l?25. Feb. 25 �7. 6° 70.le 

1929 Nov. 18 4�.5g 55.00 

1935 Nov. 1 46. a o  79 . 1° 

1937 July 18. �0.7° 7 3 . 7 0  

19�� Sept. 5 �5 . 0° 7�.ao 

1950 M.:uch 29 ' il . O °  7 3 . 0 0  

1951 Jan. 25 uncertain 

*As reported by U . S .  Coast and Geodetic Survey. 
**Modified Mercalli intensity scale of 1931. 

3.3 Hydrology 

Intensity** " 
YaE!hank 

I-III 

I-III 

I-Ill 

I-III 

I-III 

I-Ill 

no' felt 

Under natural conditions, precipitation is the source of all fresh water on Long Island . . The 
precipitation averages about III cm (4� inches) per year, and a major feature of its pattern is the 
small range of average monrhly values, from about 6 . 3 5  cm to 12. 7 em (2.5 to 5 inches) . 

Practically all the precipitation not consumed by evapotranspiration, estimated at 53 cm (21 
inches) per year, or discharged into the sea recharges the groundwater reservoir. This estimated re
charge averages approximately 5 a . �  cm (23 inches) per year. 

*J. W. Warner, �t 31. , Soil Survey of Suffolk County, New York Soil Conservation Service. U.S.O. A . ,  
April 1975 .  
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The groundwater reservoir of Long Island comprises a saturated. unconsolidated mass of gravel. 
sand. silt, clay. and mixtures of these, which overlies impermeable consolidated bedrock (Figure 3 . 3-A) . 
Groundwater is · .... 'Jnd in unconfined water table conditions, and in confined aquifers under artesian con
ditions. 

During the aarly development of the BNL site, the hydrology of the Upton area was studied ext en
sively . *  This area is a north-south strip across Long Island about 20. 8 km (13 miles) wide, between 
longitudes 7 2  degrrrs 45 minutes and 73 degrees 00 minutes, and includes all the land and water be
tween Long Island ,mo; on the north and the Atlantic Ocean on the south. Since then the level and 
quality of the groundwater have been monitored by means of tests and supply welts. 

In the Upton area the main groundwater divide lies about 4 . 8  to 8 km (3 to 5 miles) south of 
Long Is�aad Sound and roughly parallel to it. East of the Laboratory tract is a second groundwater 
divide that defines the southern boundary of the area contributing groundwater to the Peconic. The 
exact location of the triple-point intersection of these two divides is not known and may be under the 
Laboratory site. South of these divides. the groundwater moves southward to Great South Bay and to 
Moriches streams. In general, the groundwater from the area between the two branches of the divide 
moves out eastward to the Peconic River. The pressure of a higher water table west of the Upton area 
generally inhibits movement towards the west. 

The p rincipal water table aquifer in· the Upton �rea h 3!).5 to 61, m (100 to 200 feet) of upper 
Pleistocene deposits resting on either the Gardiner ' s  clay or the Hago.thy· fO['1Jlation. The thickness of 
the Magothy forma�ion ranges from 244 to 274 . 5  m (800 to 900 fe�t) under the Laboratory, and the posi
tion oE its upper surface varies from about 30.S m (100 feet) below sea level at the shore oE Long 
Island Sound to between 61 m and 91.5 m (200 and 300 feet) be.1,ow sea l�vel at the ocean shoreline 
south of the Laboratory. Figure 3 . 3-S shows the con�ours of the water table on the BNL site. 

As noted previously the Laboratory is located. almost completely in the Peconic River watershed. 
Figure 3 . 3-C shows the drainage map of the BNL site. Of particular interest is the northernmost sec
tor which comprises the Peconic drainage ditch and a small subsurface stream that forms Half Moon Pond 
located just north of the Laboratory boundary. At the confluence of these two is a small ponded area 
which is in direct communication with the underlying aquifier. The drainage ditch was for the most 
part man-made and was enlarged by the U . S .  Army for mosquito and flood control prior to the establish
ment of BNL. The' drainage from Half Moon Pond is evidenced by a band of moist soil connecting to the 
drainage ditch. �lthough this stream has been covered over in the construction of a firebreak, the 
sandy nature of the: soil has permit ted the unrestricted movement of water. Observations made by the 
U . S .  Geological Survey as well as by the BNL staff indicate that the flow in these water systems is 
intermittent and depends heavily on prevailing precipitation. The Urst occurrence ot perennial sur
face flow i s  approximately one mile eastward of the small ponded area mentioned above. 

The BNL site exposure is a cross between marit �me and continental. On a broad scale, the 
weather is greatly influenced by the Atlantic Ocean. Long Island Sound, and the various associated 
bays. Their presence moderates both summer and winter temperatures, strongly influences wind and 
humidity patterns, and greatly reduces the snowfall' from that expected at a nearby inland station. 
On a smaller scale, the site has one feature charac�eristic of continental exposures, a pronounced 
tendency for excessive radiative heat loss during the night that tesults in minimum temperatures 
markedly lower than those at many nearby locations. Jo'rom a diffusion standpoint, the site is well 
ventilated by winds from all directions with a rapid, fairly consistent alternation among various types 
of atmospheric stability. 

1 . �  F.f".nlngy 

The laboratory is located in a section of the oak-chestnut forest region of the Coastal Plain. 
Because of the general topography and porous soil, there is little surface runoff or open water. Up
land soils tend to be drained excessively. and the depressions generally are marshy . Hence, a mosaic 
of wet and dry areas on the site is correlated with variations in topography and depth to the water 
table. In the absence of fire or other disturbance, the vegetation normally follows the moisture 
gradient closely. In actuality, however, vegetation on site is in various stages of succession, re-

*M. S .  Warren, W. Delaguna, N. J .  Lusczynski, Hydrology of Brookhaven National Laboratory and vicinity 
Suffolk County, New York, 1968. U . S .  Geological Survey Bulletin 1156-C. 

**C. Nagle, General and Diffusion Climatology, Meteorology Group, BNL , July 1974. 
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fleeting the history of disturbances of the area, the most important having been land clearing, flre, 
flooding, and draining (see Figure 3 . 5-A) . The vegetation following land clearing differs from that 
following fire. After clearing, all species originate from seed; after fire, sprout growth from un
disturbed roots occurs. Several areas on site have undergone extensive clearing which has resulted in 
an extensive growth of pitch pine. These successional processes describe the present condition of 
that part of the BNL site proposed for the construction of ISABELLE. 

The isolation of the BNL si te and its variety of wildlife habitats has made it a refuge for a 
diverse animal population. Essentially. all Long Island mammal species occur on site. which indicates 
that their habitats have been well preserved. At least 180 species of birds have been recorded on the 
BNL site. Thirty species of reptiles and amphibians have been observed on site and, except for marine 
species, these represent approximately all the reptile species presently known to occur on Long Island. 
Most fish found on site are either small species or small individuals of larger species that work their 
way up the Peconic River during periods of high water. The variety of inver tebrate species seems sim
ilar to that in comparable habitats elsewhere on Long Island. 

In summary, with respect to both flora and (auna there are no endangered or unique species on 
the Laboratory site. On the other hand, by virtue of the large amount of undeveloped area on si te. 
the Laboratory has served in the past, and will continue in the future to serve, as both a wildlife 
refuge and a preserve for vegetation in an area of increasing urbanization. It is suggested that the 
reader r.efer to ERDA 1540, Environmental Statement, Brookhaven National Laboratory for a more complete 
description of site ecology as well as detailed species lists. 

3.6 Back�ro�nd Radiological Characteristics 

The radiation back�round in the BNL area includes natura.lly occurring components from cosmic ra
diation, airborne natural radioactivity and terre�trlal radioactivity. Currently , it a160 includes 
small reaidual components from past world wide atomic weapons testing. 

External Radiation Exposure 

External X and gamma radia tion from cosmic radiation , airborne llifciJt:al radioactivity (primarily 
radon. thoron and decay products) are measured by BNL by using thermoluminescent dosimeters (TLD's)  at 
three perimeter locations. In 1976, the average measured value was 70.5 ± 9.4 millirems per year 
(mrem/yr) . * This includes the ionizing component of cosmic r�diation, which is calculated to be 35 . 3  
mrem/yr a t  sea level. but does not include a neutron component (to which the TLDs are insensitive) of 
5 . 6  mrem/yr . * 

The weapons related component {which is included in the BNL measurements} is currently too small 
to allow for direct evaluation , but is estimated to be in the order of 1 mrem/yr. 

A��ivity in Air 

Ambient concentra tions of airborne tritium vapor and long-lived airborne radiopaniculales are 
evaluated through the laboratory ' s routine air sampling program. The naturally occurring radiogases 
(principally radon and thoron) and their particulate daughters, which in fact make up the largest con
centrations of naturally produced airborne radioactivity, are not evaluated directly at BNL. 

Reported concentrations of radon, as measured outdoors in the rural New York area in l � / � ,  had 
• ranse of JOO-2nO pC-t/m3 , with a mean of 110 pCi/m3.** The naturally occurring concentration of 
tritium vapor for 1976 was too small for direct evaluation, but was estimated from off-site precipi
tAt Jon measurements to have been about 1.1 pCi/m3 . 

The Radiation Protection Guide*** for radon is 10,000 pCi/m
3 

and that for tritium vapor 1s 
200,000 pCi/m

3
• 

*Naidu, J. R . ,  1976 Environmental Monitoring Report , BNL Report 22627. 
**Oakley, D .  T . ,  Natural Radiation Exposure in The United States, USEPA. Repor t ORP/SID. 72-1. 

George, A. C . ,  "Indoor and outdoor measutement of natural radon and radon daughter decay products 
in New York City air," p .  741 in The Natural Radiation Environment II, Adams, J. A .  5 . ,  Lowder , 
W.H. and Gessel!, T . ,  EDS • •  (1975) . 

***Standards for Radiation Protection, Chapter 0524, ERDA Manual. 
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The average concentration of gross beta activity (exclusive of tritium) in particulatea for 1976 
was 0 . 106 ± 0.011 pCi/1II3 . The results of gamma spectral analysis are compared below with ERDA Radia
tion Protection Guides: 

Nuclide 

'Be 
65Zn 

95Zr_Nb 
106Ru 
1311 

137CS 

H4Ce 

Activity in Water 

1976 
Yearly Average (p/Ci/m3) 

0.120 ± 0.020 

<0.0002 

0.008 ± 0.002 

0. 004 + 0.001 

0. 0007 

<0. 0003 

0 . 004 + 0.001 

Radiation Protection Guides3 (for Insoluble Forms)(pCi/m ) 

40,000 

2 , 000 

1 , 000 

200 

100 

500 

200 

The concentration of gross beta radioactivity (exclusive of tritium) in composite samples of 
precipitation at BNL averaged 95 pCi/liter for 1976 and the total deposition was 95 nCi/m2 . In re
sponse to a comment made by the U . S .  Environmental Protection Agency (see Appendix A) it should be 
pointed out that these values reflect the presence in October and November of unusually large amounts 
of short-lived radioactivity from a Chinese atmospheric nuclear weapons test which took place on 
September 26,  1976. [f these months are excluded , the average gross beta concentration was 9 pCi/ 
liter. Tritium concentrations in rainfall collected off-site averaged 186 + 47 pCi/liter. Rainfall 
samples were analyzed for 12 specific isotopes, of which five were at levels below detection limits. 
The concentrations and annual surface depositions for the detectable nuclides were as follows : 

Nuclide Concentration �2Ci/l� Surfsce DepOSition {nCi/m2� 

'Be 26 ± 7 26 ± 7 

22Uo 0 . 2  .. 0 . 2 0 . 7  + 0 . 7 

90Sr 0 . 4  ± 0.1 0 . 4  ± 0.01 
1311 4 . 6  ± 0 . 5  4 . 6  ± 0 . 5  

1 40Ba_La 1. 6 ± O . 4  1 . 6  ± 0 . 4  

1 17Cs <-0 . 3  .. 0 . 2 <0.3 I U . 2  

1 41 1.:e 2 . 4 ± O . 6  i . 4  I ! I . b  

Th¥. nuclides 7Be and 22Na are produced by coslllic rays, and the others are weapons test residuals 
in the atmosphere. 

Analysis of surface water samples from three nearby streams not 
avera8e gross beta concentrations of 3 . 7  ± 0 . 9 ,  2 . 8  ± 0 . 7  and 2 . 0  ± 5 
tectable in these samples, at a detection limit of 0 . 6  nCi/liter. 

in the BNL 
pCi/liter. 

drainage 
Tritium 

system gave 
was not de-

The background radioactivity in groundwater was indicated by routine analysis of sample9 from 
BNL supply wells upstream from the Laboratory technical areas. Gross beta activity for 1976 averaged 
1 . 8  � 0 . 9  pCi/liter, and tritium was not detectable « 0 . 6  nCi/liter) . 
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3 . 7  Archaeology 

In preparation of ERDA 1540, Environmental Statement. Brookhaven National Laboratory. BNL re
quested a search for records of archaeological sites and a survey of the areas of potential archaeo
logical interests. within the confines of the BNt site. The survey was done by a professional archaeo
logist associated with the Long Island Chapter of the New York State Archaeological Association. The 
investigations indicated that there was no record or any other evidence of cultural material relevant 
to historic and/or prehistoric occupation for the BNL site. 

The service of the same archaeologist was again contracted for by BNL to perform a detailed in
vestigation o f  the area indicated for the construction and operation of ISABELLE. Numerous training 
trenches remaining from the period of U . S .  Army jurisdiction during World War I have been uncovered in 
the area. The draft archaelogy report is under review. Meetings and discussions have been held with 
members of the New York State Department of Parks and Recreation, Division of Historic Preservation, 
regarding the archaeological situation. ODE will take all necessary steps to resolVe the relevant 
issues in this matter in compliance with 36-CFR 800, Procedures for the Protection o f  Historic and 
Cultural Properties and 36-CFR 63 Determinations o f  Eligibility for Inclusion jn the National Register 
of Historic P�aces. 

3 . 8  Socioeconomic Baseline 

BNL is located in the town of Brookhaven which has the largest population (339.183) of the ten 
Suffolk towns . Most BNL employees live within the Town of Brookhaven and the impact of the Laboratory 
upon the local area is great. Since the Laboratory is a basic industry, that is, it derives its in
come from outside the local region, its health is vital to the general industrial base in the area. 
The Laboratory itself employs about 3000 persons. In addition to the direct impact of BNL expendi
tures, there is the indirect impact derived from jobs in supporting industry and the commercial sector, 
and local income is multiplied as these expenditures circulate in the local economy through a whole 
chain of interactions between individuals, businesses and governments. Laboratory expenditures into 
the local economy support an estimated additional labor force of about 2400 persons ·i�.related in
dustries and the commercial sector. Moreover, almost 70% of all salaries flow into the �rookhaven 
town economy. Within the town, the BNL median income tends to exceed that of the general populace. 
As an industry, the Laboratory provides a larger dollar flow into the economy through employees than 
does the average light industry in the region. There are also large dollar flows into some relatively 
poor areas. For example, the Patchogue and Riverhead communities have the lowest census median .incomes 
reported in Suffolk County; for these areas, the total salary flow and the total impact is substantial. 

In addition BNL serves the local community in a number of social aspects. The Laboratory spon
sors minority training programs designed to upgrade technical and business skills of minority persons 
and move them into permanent positions. A program to assist local minority construction contractors 
to establish eligibility for federally funded projects has recently achieved success. 

Community-oriented activities are numerous. Approximately two cultural events each month are 
held on-site, including art shows , concerts, lectures and theatre; about ten thousand persons attend 
these affairs each year. The Laboratory fire departmen t provides demonstrations in new firefighting 
techniques and equipment for local volunteer departments. Suffolk County police officers are invited 
to the site tor discussiOnS of security and other mucual intereSt s .  

The interaction with educational institutions i s  particularly strong. In addition t o  form�l 
courses offered by Laboratory staff in outside schools and colleges and joint research projects be
tween BNL staff and scientists at neighboring universities, employees are active as individuals in the 
design and improvement of science curricula in the local elementary and secondary schools. 

Long-term employment trends within the New York Metropolitan Region indicate a continuing job 
shift from the central city to the surrounding suburbs. The Nassau-Suffolk civilian workforce in
creased by 52.8% during the ten years between 1960 and 1970. A mark o f  Long Island ' s  maturing econ
omy Is t�e trend toward �ervices (the term services, as used here, includes service industries, 
finance. real estate and insurance, and government) and away from manufacturing as the major source of 
employment. 

UnemploYment in the Long Island region remains high at 7.1%. However ,  Suffolk alone had an 
unemployment rate of 8% in October, 1976. Although the unemployment rates for various trades are not 
known exactly, the construction field has been particularly hard hit with a decrease of 7 . 7% in the 
number of jobs from 1974 to 1975. Unemployment among ptofessional, technical and scientific personnel 
also remains hiSh. 
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SECTION 4 

POTENTIAL ENVIRONMENTAL lMPACTS 

An assessment was made o f  the probable environmental impacts of the proposed action o f  construc
tion and operation of ISABELLE at Brookhaven National Laboratory. The methodology used in preparing 
this assessment involved two steps, identification and evaluation. With respect to the identification 
of potential impacts the action as described in Section 2 of this statement was related to the environ
mental base line as characterized in Section 3 �  All aspects o f  the proposed action were analyzed with 
respect to their ability to alter the environment .  The criteria used in this process step included; 
the ERDA-NEPA implementation guide (September 1 9 7 7 ) ,  federal and state check lists, previously prepared 
environmental impact statements on similar actions, text dealing with environmental analysis, and tech
nical publications pertinent to this area particulary those involving actions similar to the construc
tion and operation of ISABELLE. 

Once the potential impacts were identified their relative significance was evaluated. This eval
uation process involved the expanded use of the criteria referenced above and placed particularly 
strong emphasis on the use of applicable codes, standards and regulatory guidelines where available. 
In those cases where the latter were not available, for example, the pre-emption of resources, strong 
dependence was placed upon the use of professional judgement. Furthermore, experience as gained at BNL 
with respect to the operation of the AGS and the preparation ot ERDA-l540 (Site tnvironmental Impact 
Statement) greatly facilitated this evaluation process. 

During the entire process the end goal has been a concise and issues oriented assessmen t .  

4 . 1  Effects from Construction 

the construction phase of the ISABELLE project is expected to begin in 1979 and be completed in 
1986. An average number of 320 workers per year will be involved during this period. Those construc
tion activities that were considered significant for analysis ' have been evaluated below. 

4 . 1 . 1  Land Use 

As noted previously, construction of the ISABELLE facility will be completely on the BNL site. 
Approximately 250 ha (625 acres) of the 2106 ha (5,265 acre) BNL site will be committed to the ISABELLE 
facility. Furthermore, the central area of the ring comprising 86 ha (214 acres) will essentially re
main undisturbed. The area impermeably covered by new construction including bUildings, paved roads 
and areas, and hard stands will comprise approximately 25 ha (62 acres). (This equates to approxi
mately 10% of the total ISABELLE site. ) The remaining ISABELLE site will either stay in or be restored 
to its original condition, such that the natural percolation of precipitation will be only minimally 
affected. tloreover, since muon shielding will be achieved through the use of sand, the construction of 
these areas should pose only minimal restrictions to natural percolation. 

An estimated one million cubic meters (1 . 3  x 106 cubic yards) of earth will be excavated , stock
piled, backfilled or mounded for earth shielding during the site development period for ISABELLE (ap
proximately two years) .  As presently conceived , excavation amounts will equal fill requirements so as 
to eliminate the need for any off site borrowing or hauling which could have an adverse environmental 
impact on the areas involved. Should the final design or the actual field construction produce a small 
requirement for borrowing or for a spoil area, existing firebreaks, which are free of vegetation, could 
be used without adverse effects to the extent practicable. Top soils will be salvaged, segregated and 
stored for future use. 

4 . 1.2 Effects on Water Use 

The siting of the ISABELLE ring and associated experimental areas has been chosen to minimize the 
environmental impact on the prevaili�g surface and groundwaters of the area. As described in Section 
3 . 3 ,  the onlY surfa�e waters in the northwest sector of the Laboratory site, where ISABELLE is proposed 
to be located, are the Peconic drainage ditch and a small subsurface stream which drains Half Moon 
pond, located just north of the site boundary. At the confluence o f  these two is a small ponded area 
which is in direct communication with the prevail�ng aquifer. Records indicate that the drainage ditch 
was enlarged by the Army for mosquito and flood control prior to the establishment of BNL. The drain-' 
age from Half Moan pond has previously been traversed by a firebreak with what appears to be only mini
mal impact on its flow potencial. Field surveys have indicated, as noted on Figure 3 . 3-c, that the 

low in these water systems is not perennial but rather is intermittent, depending on prevailing pre
ipitation. These streams are sufficiently small so that culverts may be installed �here the ISABELL5 

ring Lraverses t�em in a manner to avoid any perturbations on natural flow and resulting environmental 
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impac�s. The ponded area remains totally unaffected since its site is to tally within the undisturbed 
bounds of the proposed ring location. Culver t traverses will be constructed to be capable of accommo
dating exceptional events such as "one hundred year" storms. Furthermore, the entire ISABELLE facility 
will lie sufficiently west of the major perennial flowing headwaters of the Peconic River to permit 
construction and operation without disturbing the hydrological and ecological balance of these streams. 

To assure dry construction in those areas where excavations for foundations will be made into the 
groundwater, a procedure of dewatering may be employed. This is a standard engineering technique 
whereby a localized area of the groundwater is temporarily lowered by pumping on a series of well 
points located in the surrounding area. Upon completion of the construction efforts, including water
proofing of [he installed s tructure, the well points are withdrawn and the groundwater is permitted to 
rise to its normal leveL In the case of ISABELLE , this technique may be used in two areas where large 
experimental halls will b e  located. Calculations indicate that approximately 1500 Ilmin (400 gpm) of 
pumpage will be required at each location and that this practice will continue for a period of approxi
mately three months. All pumpage will be returned to the local aquifer at a point away from the actual 
construction location and in a direction coincident with the normal groundwater flow across the project 
site. All silt-containing effluent will be handled through temporary sediment basins prior to dis
charging to the groundwater. In view of the limited size of the foundations involved, it does not ap
pear that their presence will significantly affect groundwater flow. 

Owin� to th� sandy nature of the soils in the project sit�, A (AtnP.r �tP.�p �lopp. (in excess o f  
one t o  one) would b e  required in order to produce any adverse sedimentation as a result of erosion and 
runoff. In those cases where steeper slopes are required, such as stockpiles, shielding berms andlor 
construction trenches temporary sediment basins will be installed to avoid excessive erosion and silta
tion as a result of torrential downpours. In addition, avvruv(iate vegetative materials such as quick 
growing grasses will be used to protect stock piles, shielding berms and denuded areas from erosion. 
Thus , in no case will silt-containing water be allowed to enter surface streams . 

Chemicals used during the construction of ISABELLE will wast probably include soaps, paints, 
cleaning fluids and concrete mixtures .  Uontractor operations will be administratively cunL[ull�u to 
ensure that the disposal of waste quantities of these materials will be carried out in an environmen
tally safe manner. Sanitary waste will be handled by portable chemical toilets. All other trash gen
erated by construction activities will be disposed of in the on site landfill. 

4 . 1 . 3  Effects on Air Quality 

During the cons truction s tages of ISABELLE, the principal adverse effects on air quality will re
sult from the generation of dust and exhaust fumes. The dust will be created both as a result of ve
hicular traffic on unpaved surfaces and from earth�oving operations. To the maximum extent practicable, 
this dust generation will be controlled by established engineering practices, chiefly involving water 
sprinkling of all disturbed earth surfaces. There will also be spray watering of earth stockpiles in 
hot and windy weather to avoid the creation ot dust. Exhaust [urnes trom internal combustlon equipment 
used at the construction site would be expected to be rapidly dispersed and, therefore, not have any 
significant environmental effects. In the case of both the dust and exhaust fumes, any effects that do 
take place would be expected to be temporary and local in nature. 

4 . 1 . 4  Noise Effects 

The major sourCe of noise during the construction ot lSAHELL� will be the diesel engines of vari
ous earthmoving machines. This noise can be largly controlled by mufflers, the use of which will be 
specified in construction contracts. SpeCltlcat10ns w11L ll.mlt nOIse prodUced by any one ptece oJ: C01l
struction equipment to 83 dB at a distance o f  7 . 6m (25 feet ) .  Since each machine will operate a t  full 
load for only short periods of time, this noise level will not be continuous .  Owing to the distance 
and burferin� effect of natural vegetation, separating the construction area from both existing on site 
Laboratory tacilities as well as ott site areas, It is expe�c ed that no stgnificant noise effects wilt 
occur in either. Average noise levels at the site boundary are not expected to be significantly in ex
cess of 40 dB which is similar to levels already found in residential areas. 

Furthermore, site investigations have not identified any rock formations in the area, and there
fore blasting is not envisioned to be required during the construction of ISABELLE . 

4 . 1 . 5  Effects on Ecology 

Impacts from clearing and excavation for ISABELLE should be minimal , as the entire construct ion 
site shows evidence of eit.her burnover or clearing within the last several decades. Hence, none of tl 
trees or vegetation is in the category of old v�rgin timberlands or of such striking esthetic value a1 
to prohibit removal. In fact, as noted in Sect ion 3 . 5  of this Statemen t .  most of the site is vegetated 
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in scrub oak or pitch pine, both of �hich species are ubiquitous on Long Island. The loss of vegeta
tional biomass, r.esulting from the clearing of approximately 25 ha (62 acres , )  101111 not significantly 
decrease the amount of food available to local fauna. Moreover, post construction restoration is an
ticipated to include the planting of a se,lection of vegetational species similar to those presently on 
th.e site, including pines, scarlet oak, white oak, and ground cover compriSing grass and legume that 
are compatible with site conditions. This latter category of vegetation becomes established much more 
quicklr and thereby serves as an interim erosion control. 

Since the construction as well as the operation ot ISABELLE will not present any permanent bar
rt.ers to migration, it appears that populations of terrestrial fauna resident therein can migrate to 
adjacent undisturbed areas of the site. After construction, these same populations will be able to re
migrate to re.s tored areas at the construction site. Constwction noise should pose no serious impacts 
on resident populations other than to cause them to nest temporarily at some distance from the con
struction activ�ty. 

As mentioned previously in Section 4 . 1 . 2 ,  both siltation and discharge of pollutants to local 
surface waters will be controlled by temporary sediment basins. Therefore, adverse environmental im
pacts to aquatic flora and fauna would be expected to be both minimal and temporary in nature. 

4.1. 6 Traffic 

The impact on traffic in the vicinity of the Brookhaven National Laboratory, arising from the 
transportation of workers and materials to the construction site for ISABELLE, will b e  minimal .  The 
traffic burden, due to the transportation of workers, is not expected to exceed 10 percent of that 
arising from present Laboratory operations. The transportation of materials and supplies is expected 
to be temporary and intermittent in n�tu�e and is anticipated not to coincide with peak traffic times. 
Since the Laboratory is served by a network of major road systems including the Long Island Expressway 
(Interstate 495) , the William Floyd Parkway ( C . R .  46) and New York State Route 2 5 ,  and, in light of the 
fact that during construction the ISABELLE site will be accessed by a separate gate in addition to 
three others presently used for the existing Laboratory operations, no traffic congestion i s  expected 
to arise. 

It should be noted that the Laboratory is on the Rivethead branch of the Long Island Railroad and 
is served by a SPUT siding on the 

·
site. Where possible, efforts will be made to use this mode of 

transportation for shipments of materials and large components. 

4 . 1 . 7  Visual Impact 

Visual impacts during construction phases are expected to be only those normally associated with 
projects of this nature. These impacts for the most part will be experienced only on site and viII be 
intermittent and temporary (approximately two years) . These impacts will be primarily generated during 
cut and fill operations as well as being asso�iated with the temporary maintenance of dirt stockpiles .  
Off site impacts will b e  limited to certain areas o f  William Floyd Parkway and possibly to the commu
nity of Ridge in the immediate vicinity of the northwest sector of the Laboratory. Large equipment 
with boom structures such as cranes and other earthmoving equipment ,  when in place on top of a shield
ing berm under construction, will be visible intermittently from these areas. 

4 . 1 . ij  �conomic �ttects 

Over the period of its construction, the ISABELLE project is expected to contribute a direct in
come increment of $117 million. This represents local labor and material expenditures which, in turn, 
constitute income gains for Long Island residents and businesse s .  The project will b e  a distinct s t im
ulation to the Long I s land labor market and the construction trades in particular which have suffered 
from considerable continued unemployment . More than 10% of the construction trades in the .vicinity of 
Brookhaven are presently unemployed. Due to the consumption demands of the individuals receiving di
rect income from this proj ect, an additional $56 million will be generated representing an implicit 
project income multiplier of 1.48. 

Over the period of construttion, the project will require a direct dedication of on site effort 
equalling nearly 2800 man-years. As project-related direct and indirect incomes are realized and 
spent, there is an induced employment effect which further benefits the Long Island economy . It is 
conservatively estimated that the indirect employmen t effects will give rise to an additional demand 
for labor of 3100 man-years. Thus for every man-year of effort devoted to this project, an additional 
1.1 man-years are created as a result of the increased consumption demands. The ISABELLE project will 

�pact many disciplines of labor force including physicists, deSigners, architects, engineers, techni
:ians, carpenters, electricians, plumbers, 

'
mechanics ,  steam fitters, operating engineers, lOasons, 
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steelworkers, inspectors, laborers and estimators, many of wholll are available- snd in need of employment 
within a sixty mile radius of Brookhaven. 

The total machine is scheduled for construction such that it will b e  in operation in 1985. The 
construction of conventional facilities is scheduled for three years, and will require man power peaks 
of approximately 370 men on site as well as supporting trades totaling approximately 225 men off site. 
In addition, approximately 150 man-years of engineering related time will be involved from Long Island 
and New York City. The above figures are for the conventional facility deSign and construction. The 
design, manufacturing. and installation of the technical components will require an additional 950 men, 
540 o f  whom would be off site. Those on site will be working on designs, final assemblies and instal
lation at Brookhaven. 

In view of the fact that much o f  this labor force can be drawn from the local community, many of 
whom are. presently unemployed, additional housing in the area adjacent to tbe Laboratory i s  not consid
ered necessary. 

4 . 2  Effects from Operation 

This subsel"tion evaluates the significant environmental effects associated with normal and abnor
mal operation of the ISABELLE facility, 

4.2.1 Normal Operation 

4.2.1.1 Effects of Energy Use 

The major form 
jected maximum power 
b� 40 MW, divld�d �s 

of energy consumed in the operation of ISABELLE will be elecrriciry. The pro
demand for the ISABELLE ring and associated experimental apparatus is ' estimated to 
[ulluwtj: 

Central Cryogenic SyStem. 
Main Magnet Power 
Radio Frequency (rf) Power 
Transport and Injection Power 
Expe[lm�lILal POIolI!:« 
Conventional Power 

TOTAL 

15 MIl 
• 
2.5 
2.5 

15 
1 

40.0 MW 

The Laboratory's present peak electrical demand is approximately 42 MW. In the most extreme 
case, that is of peak coincidence between the Laboratory and ISABELLE , this amount would be only 2.6% 
of the Long Island Lighting Company (LILCO) present total peak demand. Furthermore. it should be re
membered that the utility is required by the "�'ederal Power Conunission to have an appreciable reserve 
capacity in excess of its peak demand. In consideration of these numbers, i t  is c1e�t that LILCO has 
the overall capability o f  meeting both present and foreseeable future Laboratory demands for power 
without depriving other users in the local region, and , therefore, that direct preemptive impacts asso
ciated with the use of electriCity at BNL (including ISABELLE) do not appear to be significant. 

�resent projections indicate that ISABELLE and aSSOciated experimental facilities will consume 
approximately 184 x 106 kWh per year. When considered additively to present operations, the total Lab
oratory consumption of electricity will be approximately 400 x 106 kWh per year. Therefore, the Labo
ratory ' s  total electrical consumption will be approximately J . J X  of the toLaI power generated by LILCO 
for all Nassau and Suffolk customers, or 7% of that generated for industrial uses in the s�e area. 

In terms of " the Laboratory ' s  consumption of electrical energy , it must be remembered that ISA
BELLE along with present BNL facilities, which account for approximately 70% of total power will oper
ate on a 24-hour basis and, therefore, take advantage of the availability of off-peak supply. Fur ther
more, the Laboratory has had in the past and continues to have an active program directed at conserva
tion of energy, particularly electricity (see ERDA 1540 for more detailed discussion). 

Power for the ISABELLE facility will be distributed via 13.8 kV underground cables installed in a 
concrete-encased ductbanks. At the ISABELLE service building and the experi�ental areas around the 
ring. voltage will be transformed to utilization levels by oil-filled transformers of the outdoor type. 
All local substations w�ll be enclosed by chain link fence and surrounded by a layer of crushed stone. 
Askarel or other transformer oils containing polychlorinated biphenyl (PCB) will not be used. There 
will be no extensive clearing of woodland areas for underground distribution of electrical power as 
utility lines will run generally with the ;)ccess roadway alignment, and excavation will be in areas al" 
ready disturhed. 
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The only other major use of energy in the operation of ISABELLE will be that of fo�si1 fuels. 
These fossil fuels will be in the form o f  No. 6 oil consumed at the BNL central steam plant to produce 
steam for heating and air conditioning. Present estimates indicate that ISABELLE will require approxi
II\.'I.tely a 3% increas.,:: in the present production rates of steam for the Laboratory, which '1!quates to 757 

L (200, OOq gallons) of No. 6 oil per year. this increased demand is well within the reserve capacity 
. :  the present BNL. st.earn plant and is expec:ted to have only negligible effects on the steam plant ' s  at
mospher,i,c. emissions,. which are presently w i thin r�gulatory standard s .  I 

Strong efforts will be lIIade to reduce the use of electricity and fossil fuels by utiliziog solar 
energy and waste hea� recovery. � 

4 . 2 . 1 . 2  Effects o n  Water Use 

When the operation of ISABELLE commences in 1984, its estimated water consumption rate will be 
approxima tely 2500 kl/d (.66 MGD ) .  this total consumption, comprising requirements for process domes
tic and fire protection needs, will be approximately 9 percent of the Laboratory ' s  total ptojected av
erage daily pumping rate for that time. This demand will not cause signif icant lowering of the under
lying water table due to the fact that the bulk of the ISABELLE water consumption, as well 'as that of 
the Laboratory , in general, will be recharged to the aquifer. 

Routine water consumption 'It r.hp. ISABELLE facility is estimated as follows: Domestic use: ap
proximately 46 kl/d (12,000 gal per day) ; Process use: (cooling tower makeup) approximately three per
cent of the total 57 kl/min (15, 000 GPM) flow rate through the cooling tower system. Therefore, the 
total process use will be 2 , 460 kl/d (648,000 gal per day) . This is broken down as 820 kl/d (216,000 
gal per day) due to evaporative and windage losses and 1 , 640 kl/d (432, 000 gal per day) for blow down 
to control solids buildup. Inasmuch as there will be no chp.mi.r.al treatment of cooling tower water 
other than intermittent shock treatment, and since blow down will be returned at approxima tely ambient 
temperature, the recharge of this water stream should represent only minimal adulteration of the under
lying aquifers. In those cases when intermittent shock treatment is performed on the cooling tower 
system for the purposes of controlling algae growth, corrosion and precipitated deposits, the effluents 
therefrom will be carefully lIIonitored before release. It is anticipated that the chemicals used for 
thiG purpose will be similar to those presentl.y in use at the Laboratory in otber:: cool ir"!g tower: systems 
which have been selected and are used in accordance with EPA regulations so as to cause minimal envi
ronmentel f.mpilct. 

The cooling tower system used is proj ected to be similar to that presently used for t.he Labora
tory ' s  High Flux Beam Reactor (HFBR) , and therefore in light of experiences with the latter fae.ility 
should not produce any offsite problems in terms of fog and/or ice formatioo. 

All recharge from the ISABELLE facility, as well as drainage and runof f ,  will be directed to ei
ther of two permanent recharge bas ins. located on the circumference of the ISAlIELLE ring. These basins 
will. also receive approximately 5 , 680 kl/d (1 . 5  million gal per day) of cooling water from the AGS, the 
present recharge point for which wil! b e  moved during ISABELLE construction. 

The domestic water used in the ISABELLE facility, approximately 46 kl/d (12, 000 gal per day ) ,  
will, for the most. part, b e  di1>charged to the Labora:tory sewage sys tem and ultilDately to the Sewage 
Treatment Plant. Since accelerator operations are relatively clean and no deleterious chemical s  are 
expected to �e used, the only anticipated cqntaminant in this discharge will be sanitary waste. In 
terms o� tbe sewage treatment plan t ' s  reserve capacity, as well as projected increases in its future 
use, this 46 kl/d (12, 000 gal per day) is an extremely small increment .  

4 . 2 . 1 . 3  Radiological Impact* 

ISABELLE will be designed and operated so as to have a minimal radiological illlpact on the envi
ronment, both w.ith regard to background radiation levels and to local increments occasioned by other 
BNL activities. I t  will draw upon some 3D years of world wide experience and over 20 at Brookhaven in 
the design and operation of high energy particle accelerators. 

This e.xperience has demonstrated that t:hese facilities have four possible impacts. tn decreasing' 
order of sign�ficance, these ar�: 

(a) The production of "prompt" radiation fields, principally secondary interactions of the. di
rec� or scat tered primary particle beam, during accelerator operation. 

:his section has been amended to reflect t.he comments of the Environmental Protection Agency. the Food 
and Drug Ariministration and the National Science Founda tion. 
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(b) The production of radionuclides in air within the accelerator tunnel and/or target areas, 
and their subsequent release to the environment. 

(c) The production of radionuclides in soil and contained water adjacent to the accelerator tun' 
nel and/or target areas, and their subsequent migration into the saturated ground water and eventual 
migration from the facility site. 

(d) The induction of radionuclides in accelerator components, which may eventually be "recycled" 
and, thus, become a source of environmen tal radiation dose. 

It is anticipated that ISABELLE will utilize only a small fraction (about 1 . 4  x I018/yr or 2 . 3%) 
o f  the total number of protons that are accelerated to 33 GeV within the AGS. After losses during 
s tacking, an even smaller portion (about 6 x 101 7/yr) will actually be accelerated to 400 GeV within 
ISABELLE itself. It is anticipated 'that about 90% of these 14111 ultimately be intentionally directed 
toward an' external beam dump and that 10% will be stopped by 'internal beam scrapers and 0 . 1% at each 
beam intersection point. Every effort will be made to maintain good control of beam position, and to 
maintain unintended losses Bt arbitrary points around the ring to less than O . ll .  

Thus, ISA1H:LLE should b e  a much smaller inherent source o f  radiation and should produce much 11!_s� 
environmental radioactivity than the AGS . Characteristically, the latter has contributed <IX of the 
total population dose eQuivalent attributable to BNL operations in recent years.w 

Prompt Radiation 
Operating eJCperience at high energy particle acceler/,l,tors _has uewvll:>.!:.l-atEHI that outside of thick 

shielding, neutrons are usually the principal component of radiation dose. t<t< At energies in the hUn
dreds o f  GeV, and under some circumstances, 'mUOnS can become a dominan t component in limited re
gions . ** *  

The shielding o f  above ground portions o f  ISABELLE will b e  designed s o  as t o  keep radiation ex
posure as low as reasonably achievable. As a design objective, 1 , 000 mrem/yr or less has been selected 
for the highest outside radiation level (probably at the top, somewhat downstream of radiation sources 
within the ring) , for a hypothetical individual who spends 40 hours per week at that location (occupa
tional eJCposure) . As an additional constraint,_ the shielding will also _be designed so as to 1illli t the 
do�e at the �ite boundary from all sources to not more than 5 mrcm/yr (population- exposure) • •  ••• These 
design guides are respectively 20% and 1% of the upper exposur e limits set forth liy DOE, and are con
sistent with DOE design guidance to maintain radiation exposures as low as practicable. ***** 

Calculations indicate that there are two significant contributions to radiation dose outSide the 
shield, neutrons and hiSh energy muons_ For the neutrons, the 1 , 000 mrem/yr a t  the plane o f  the 
shield is controlling. Thus, if the limit at the outside of the shield is met, calculations indicate 
that the yearly neutron dose equivalent at the site boundary will be less than 1.25 mrem/yr. 

Compared to neutrons, high�energy muons are extremely penetrating. However, they are emitted in 
a nearly tangential direction, so that enough shielding must be added only at the outside of the ISA
Bf.1.l,F. ri.ng to reduce their flux to acceptable levels. Where the beam is sufficiently below ground 
level, such shielding is inheren tly provided. 

Protons that circulate counterclockwi s e - and whiG-h s trike an object in _the vicinity o f  the -north 
intersection will generate muons directed toward- the Wi1liam Floyd , Parkway , at a distance of about 0 .6 
km ( 0 . 4  mi . )  in a westerly direction. The outer thickness of the shield will be designed to limit the 

*A. P .  Hull and J .  R. l\�h, "197:; EiLvilvL�""uldl NOLli t_Ol-illg Uet'''�l'_ , RNL 21320. 
J. R. Naidu, "1976 Environmental Monitoring Report, BNL-22627. -

t<*H. W. Patterson and R. H. Thoma s ,  Accelerator Health Physics, Chaptet 7, Academic Press, N . Y. 
(197) . 

"'*"'S. I. Baker, I::nvironmenta.l �'onitot'in� Report. 
Environmen tal Monitoring a t.  Major U . S .  Energy Research and Development Sites, Calendar year 1975, 
ERD:A 76-104 (1976) . 

*-+'**11. J .  Stevens and A .  M. Thorndike, !'Estimating ISABELLE Shielrlins ReC]u1rements," I5A 76-11 (197(' 

*****F.RnIl Manual Chapter 0524, "Standards for Radiation Protection , "  Part VI "Guidance on Maintaining 
Expo!';ure to IlS Low as PractiC,<jb1e . "  
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yearly dose equivalent from muons to � 5 mrem/yr at this location (where the neutron component is < 0. 5  
mrem/yr ) .  At other azimuths, for which the distance to the site boundary is greater and/or there is 
some natural shielding from ground elevation, the outer thickness of the shield will be variable, but 
sufficient to limit the site boundary dose equivalent to � 5 mrem/yr. 

The following information has been added in response to a comment received from the Nuclear Regu
Latory Commission. The details of the muon shield design are still being determined in accordance with, 
the position selected for proton Injection, beam dumps and other COmponents that will be locations for 
proton interactions. The present design* is given in Figure 4 . 2. l . 3-A which shows the recommended muon 
shield configuration based on 0.1% loss at any point around the ring. Muon shield thickness varies 
from 92m {300 f t }  to 18m (58 f t ) .  

Air Activity 

The quantity of air and aerosol radioactivity ptoduced at a high-energy accelerator depends on 
the intensity of radiation travetsing an air path. For ISABELLE , this intensity will be extremely 
small, since its successful operation requires a minimal loss of high-energy particles from the beam. 

To a first approximation, the concentrations and amounts of air 
those encountered at the Intersecting Storage Ring (lSa) at CERN , for 
air activity concentration of 4 x 10-6 �ci/cm3 has been indicated.*. 
at ISR, this would correspond to the discharge of 6.67 x 10-4 �i/sec. 

activity should be comparable to 
which a "typical" gross gaseous 
At the Teported ventilstion rate, 

From the application of standard dispersion to this release rate, one would anticipate within 1 
km distance a downwind air concentration close to the maximum permissible off-site concentration for 
the principal radiogases found in accelerator air effluent streams (150 ,  l3N ,  lIC) , which is about 
5 x 10-8 �Ci/cm3. This maximum permissible concentration is based on continuous submersion in an in
finite c.loud. However , these gases have relatively short half-lives, (150 "'2 min; l� "'10 min; lle "'20 
min ) .  Also, the assumption of an infinite cloud is very conservative for the small routine release 
volumes {about two air changes per hour for the tunnel and experimentsl halls} . Thus , the radiation 
dose attributable to short-lived radiogases is expected to constitute a negligible addition to the de
sign guidanc� radiation level for scattered radiation of 5 mr�/yr. 

In addition to the short-lived radiogases, longer lived particulste nuclides such as 7Be (53 
days ) ,  24Na (15 hour s ) ,  32p (14. 3 days) , 33p (25 days) and radiogases 41A (1.83 hours) and 3H (12.3 
years) , h�ve 3180 been reported i n  the CERN accelerator air effluent streams. 

The releases from ISR were found to have a concentration of these nuclides "o'f 8 x 10-14 �Ci/cm3 . 
This may be compared to a concentration of 2 x 10-10 �Ci/cm3 for a mixture of them, which was calcu
lated co produce an inhalation dose of 5 mrem/yr. After atmospheric dilution of releases in such a 
smsll concentration as those from ISR, i t  would be imposs ible to detect them in the environmeQt. 

Earth and Water Activity 

To a first approximation, there should be little, if any, net increase in induced activity in 
earth and water on and/or under the BNL site due to the operation o f  ISABELLE. As indicated in the 
discussion of prompt radiation, ISABELLE will utilize only a small fraction of the protons already ac
celerated to 33 GeV by the AGS and unintended losses will b e  minimized. Thus, the total number of high 
energy particles scattered to unconfined regions of earth and/or water in the immediate vicinity of the 
ISABELLE tunnel regio� is not expected to add materially to the overall activity in earth and water 
created by the QP�ration of the AGS where, as the following consiqeration shows, the discernible ef
fects are quite local. 

It has been estimated that at saturation. the total activity in the shield of the AGS i5 3200 
C1 . *** Host o f  this induced activity is in the structure and shield, and therefore, relatively un
available to move into the environment. 

*Technical Note No. 65, "Muon Shielding Requirements for Present Configuration , "  A. J. Stevens and 
A. H. Thorndike, Hay 12, 1978. 

**J. Baarli and A. Peet ermans, "Air Activity from the CERN Accelerator Installation. DI/HP/176 (1974) .  

�w. H .  Moore ,  "Source o f  High-Energy Particles froll! an Internal Target," GSCo-62, (1966). 
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However, some movement is possible along the following potential pathways: 

1) The direct production of radionuclides in surrounding groundwater and the.ir migration to the 
water table. 

2) The leaching of radionuclides previously induced in the surrounding earth, by infiltrating 
rainwater, with their subsequent migration to the water table followed by the subsequent transport in 
groundwater to a potable water supply well. 

Among the possible spallation products from 160 ,  only 7Be (53d) and 3H (12 . 3  yrs) have half-lives 
of more than an hour. By utilizing the empirical expressions of the Stapleton and Thomas* and allowing 
for an average b eam loss of lOX, a t  saturation, tbe maximum concentration of 7Be in the groundwater i n  
the immediate vicinity o f  the AGS shield can be estimated to b e  about 7 . 7  x 10-3 �Ci/ml and o f  3H ,  
about 2 . 3  x 10-2 �Ci/ml. These are about 4 and 8 times their respective maximum permissible off-site 
concentrations. The estimated total quantities are about 0 . 2  and 0 . 6  Ci respectively (or �l% of the 
total activity ) .  Howevet, accelerator produced 7Be i s  known to b e  st rongly absorbed and i s  substan
tially retained a t  its production site, so that only 3H is available for migration. 

Radioactivity may also be produced directly in the earth matrix itself , as well as in the ground
water contained in its free space. A detailed consideration by Thomas and Rindi** leads to the conclu
sion that of the many radionuclides which may be so produced, only 22Na (2 . 2  yrs) and 3H ( 12 . 3  yes) ap
pear t o  be leachable in sufficient percentage to constitute a potentially significant source of ground
water contamination. In an experiment by Balukova et al***, for a soil water matrix which was 85X in 
the solid phase and 15% water (when irradiated in a flux of 4 . 5  x 107 particles/cm2-sec of E>20 MeV) , 
equal specific activities of tritium were found in each. Thus, they concluded six times more tritium 
was formed in the solid phase. However ,  in a similar experiment ,  Borak et al**** reported induced ac
tivities of tritium in soil which were one-fifth or less than those in water. The overall activity of 
2 2Na in their experiment was about one-quarter of that- of 3H in soil and therefore, about one-twentieth 
of its concentration in water. 

The more conservative conclusion will be assumed for the purpose of this analysis with the addi
tional assumption of Warren e t  al***** that drained local sand has a lO� by volume water capacity, that 
the soil tritium ac tivity would be 9x that of water. Thus the possible impact on groundwater in terms 
of quantity and mobility would consist a t  saturation ot 6 . 0  Ci of 3H and 1 . 5  Ci of 22Na. 

However, water and other mobile compounds of the radioactivity created in the earth shield of a 
high-energy accelerator would have a finite residence time in the zone of activation due to displace
ment by infiltrating precipitation from the surface above i t .  As indicated (see Section 3 . 3 ) ,  o f  the 
total annual average precipitation (122 em) about 5 8 . 4  em recharges to groundwater. Utilizing the 
model of Stapleton and Thomas with relevant parameters of the AGS and assuming that in the unsaturated 
soil adjacent to i t  the water content is 100 percent, a residence time of 0 . 7  yes may be calculated. 
The calculated amount of induced tritium activity during this residence time adjacent to the AGS shield 
would be only 4� of saturation, and 24% for 22Na. 

Thus, an upper estimate of the total mobile tritium activity would be 0 . 2 4  Ci, and of 22Na. 0 . 3 6  
C i .  The studies by Borak et al indicate that only the free water component of the induced tritium is 
mobile, �nd th�t up rn 20% of the induced 22Na is leachable. However , ThOMaS and Rindi question the 
consistency of this conclusion with regard to 3H and Balukova et al consider that all of it is fully 
wilshf'rI out. In order to err in the direction of conservatism, the latter will be assumed herein. 

*G. B .  Stapleton and R. H. Thomas, "Estimation of the Induced Radioactivity of the Groundwater Sys
tem in the Neighborhood of a Proposed 300 GeV High-Energy Accelerator Situated on a Chalk Site," 
Health Physics, 23 : 5  pp. 689-699 (1972) . 

**R. H. Thomas and A .  Rindi, "Radiological Environment Impact of High-Energy Accelerators" to be 
published in Critical Issues in Environmental Control, CRC Press. Cleveland, Ohio 44128. 

***V. D. Balukova , V .  S. Lukamin, B .  s. Sychev and s. I .  Ushakov . "Radioactivity of the Water in the 
Ground Shield of Accelerators , "  Atomnaya Energyia, 4 1 : 2  pp. 148-149 (1976) . 

****T. B .  Borak, M. W. Awschalou, W. Fairman, F. Iwami and J. Sedlet, "The Underground Migratiol1 of 
Radionuclides Produced in Soil Near High-Energy Proton Accelerators , "  Health Physics, 23 : 5 pp. 
6 7 9-687 (1972). 

*****M. A. Warren, W. DeLaguna and N. J. Lusczynski, Hydrology of Brookhaven National Laboratory and 
Vicinity, Suffolk County, New York, Geological Survey, Bulletin l156-C (1968) . 
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For the present purpose, i t  will be assumed that the only dilution mechanism is the infiltration 
of rainfall on the area overlying the �one of activation in the earth shield adjacent tn the AGS . The 
elevation of the AGS beam path is 75 feet MSL, and the saturated zone of groundwater in that portion of 
the Laboratory site is at about 50 feet MSL (see Figure 3 . 3-B) . Thus, it would require about 13 years 
for the water in the zone of activation to be displaced by infiltra ting precipitation (at a rate of 
58 . 4  cm/yr) downward vertically to the zone of saturation. Following the model of Thomas and Rindi, it 
may be calculated that at this time, the concentration of 3M would be 1 . 6  x 10-3 �Ci/ml and of the 20� 
of leachable 22Na, 1 . 4  x 10-5 �Ci/ml. These are 53� and 35� of their respective HPC ' s .  

A t  the measured average horizontal rate o f  groundwater movement o f  approximately 15� em/day (0.5 
ft/day), another 36.6 years would be required for this activity to then be displaced horizontally to 
the BNL site boundary, some 2 km east-southeast in the d.irection of groundwater movement (see Figure 
3 . 3-B). Again, utilizing the model of Thomas and Rindi, and assuming that dilution during this trans
port time is by infiltrating precipitation on an area equivalent to that of the zone of activation, the 
calculated concentration of JH at the site boundary would be 4 .  x 10-6 �Ci/ml and of 22Na, 2 . 0  � 10-11 
�Ci/ml. These would be O.l� and 5 x 1 0-5� respectively of their MPC's.  

It should be observed that these are upper limit estimated, since they assume that 100% of the 
induced JH is mobile, and since they involve no dilution other than the infiltration of precipitation 
above the zone of activation. For 10% free water. the assumed zone of activation would contain 
1. 2 x 105 liters of water. Were the groundwater to be actively pumped at significant rates, the draw
down would create a larger cone of depreSSion, into which water from a much greater volume would be 
drawn. 

Thus, it is concluded that the operating of AGS does not produce a significant impact on ground
water. Although the energy level of Isabelle will be about 12x that at the AGS, this will be more than 
offset in that it utilizes only 2.3% of the high-energy protons produced by the AGS, and that the 
losses of these at internal beam scrapers are expected to be about 10%, at each beam intersection 
points about 0 . 1% and unintended losses <0.1%. It is thus concluded that any incremental increase in 
radioactivity groundwater attributable to ISABELLE will be less than that from the AGS. It is not 
likely to be detectable beyond a zone immediately adjacent to i t  and would be expected to be a small 
fraction of the MPC's for any nuclide at the site boundary. 

At most accelerator sites, including BNL, both surface streams and subsurface groundwater are 
rpgul .. r l y  monitored for the presP..nee of JH• 7Sp", 22N", ann other .'I.cc E"_leT.'I.toT producl1'd T.'I.dlonllct ldes. At 
the Fermi National Accelerator Laboratory (FNAL) , concentrations of tritium generally in order of 10-6 
�Ci/ml have been found in several sumps adjacent to experimental areas. A few concentrations of about 
10-5 �Ci/ml and one at a maximum of 1 x 10-4 �Ci/ml has been reported at FNAL. 7Se is removed from 
closed cooling water circuits by resins at this facility. Following regeneration of these resins, they 
have been teleased with treatment wastes to a perforated tile field at a depth of six feet underground . 
Recently, some 7Be has surfaced in the area of this field in quantities too small to produce a measura
ble direct radiation field or significant source of internal radiation dose. Other than the above! 
there have been no reports to date of any other accelerator radiation concentrations from the migration 
of 3H, 7Be or .any other accelerator produced nuclides in above or subsurface waters at any major accel
erator site in the U . S . ,  including BNL. *� 

Current monitoring of both surface and subsurface waters in the AGS area will be continued and 
additional points established in connecLion with the construction and op�ratiQn of ISABELLE . 

Long-Lived Activity in Activated Components 

As indicated above, every effort will be made to minimize beam loss at ISA8ELLE . Almost 90% of 
the beam will be intentionally dumped to an external beam stop, comprising, in sequence, berylliu� pow
de� and an iron absorber in a concrete shield. After removal ,  this beam stop could be s tored on-site 
for whatever length of time necessary for the decay of residual activity to levels acceptable for re
use. Alternatively, i t  could easily be disposed off-site as radioactive solid waste. 

*This rate was measured in 1948 by the U . S .  Geological Survey and confirmed recently by fluorescein 
dye tests made in connection with BNL ' s  Upland Recharge Experimen t .  Although higher rates up to ap
proximately 40 cm/day have been observed for short intervals, i t  wa3 deemed appropriate to use the 
average value in view of the long time involved for water to move [0 the site boundary. This infor
macion has been added in response to a tomment by the U . S .  Department of Interior. 

��Environmental Honitoring at Hajor U . S .  Energy Research and Development Administration Contractor 
Sites, Calendar Year 1975, ERllA-7 6-1021 (1976), 
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) However .• it: is anticipated that some other components. located near points where particle losses 
occur, will become radioactive when hit by secondaries of high-energy particle (principally neutrons). 
Although the specific activity is low. the total could aroount to several curies. The pricipal y_ 

nitters found 1n such metal parts found are 60Co, 22Na• 54Mn and 57Co.* 

The largest component that will become highly radioactive will be the external beam stop. It is 
approximately 1 m in diameter and 6 m long in the present design, with most of the mass consisting of 
iron. Radioactivity will be concentrated 1n the center and activity at the surface will not be high. 
It is a completely passive component and does not need to be replaced or removed. 

Other typical components that will become radioactive are beam scrapers a.nd internal absorbers, 
some septum magnets and vacuum pipe near beam crossing points. The vacuum pipe will normally be stain
less steel approximately a mm thick with diameter from 10 em to 30 cm, several m in length. Other com
ponents will typically be 10 cm to 20 cm in width and height, and I m to 3 m in length. The number of 
such components to be disposed of as radioactive waste should be small (� I per year) . 

The existing BNL procedures for the control of radioactive components' will be applied a t  ISA
BELLE. These procedures involve the survey of the radioactive components prior 'to release to nonradio
active area use, on or off-site. As appropriate, activated items are s tored to allow radioactive decay 
or they are consolidated with other solid radioactive waste by BNL Radioactive Waste Management Group 
for off-site shipment and burial. Ir is not expected that any changes in existing radioactive waste 
management procedures will be required to handle components from ISABELLE. 

Thus, activated materials resulting from ISABELLE operations are not expected to become a source 
of significant environmental radiations, or contribute to population dose. 

This text has been amended in response to a comment of the National Science Foundation. 

Initial Operation 

Initial start-up of the machine and machine development work certainly can lead to proton losses 
that are higher than average and corresponding contributions to the radiation levels. Such diagnostic 
work can be done at reduced beam intensity. In the design of lSABELLE, emphas�s is placed on good mon
itoring of beam behavior and good beam control to achieve a very clean mode of operation. Low radia
t ion levels are a by-product of such operation. 

Conversely, radiation levels will be carefully monitored and the need to maintain satisfactory 
radiation levels will be a constraint on machine operation. If levels at the site boundary or experi
mental locat�ons should be found to be higher than is acceptable on a continuous basis, it will be 
necessary to either: a) improve beam control and reduce background or, b)  reduce beam intensity or, 
c) reduce hours of operation. 

SUllllllaty 

In sUl!\ll'lary, it is ant1.cipated that the- resultant radiation dose from the operation of ISABELLE 
yill not increase the total yearly radiation dose to any person working on-site by more than 1 , 000 
mrem/yr, or to any person resident off-site by more than S mrem/yr . This evaluation considers that for 
the. most part, the on-site doses attributable to ISABELLE; will be quite local. Those ott-site frain 
scattered radiation will be at a maximum at different points on the nearest adjacent site boundary. and 
thus, not additive with those from the AGS , or other BNt facilities , The. airborne gas and liquid ef
fluent related doses are expected to remain at very small levels compared to those corresponding to a 
dose of 5 mrem/yr, and will also not be expected to be additive to doses at the site boundary from 
other existing sources of BNL air and liquid effluents .  

The largest existing source o f  radiation exposure at the BNL site boundary is from skyshine. from 
the AGS. For both 1975 and 1976, calculations from on-site measurements indicate that the annual dose 
a t  the closest location on the site boundary at a position abou't l . 0  km (0.6 mi) to the northwes t  of 
the AGS ,  was 5 . 8  mrem/yr. This radiation falls off with distance due to both the 1-Ir2 law and due to 
absorption 1n air. At the closest location to ISABELLE north-northwest of the AGS' on the boundary of 
the BNL site , the calculated radiation level attributable to the_ AGS for 1976 W�B 1.2 mrem/yr, and at 
the site boundary due north of the AGS and ISABELLE, 0 . 5  mrem/yr: 

t. Hofert and J. Baarl!, "Some Particular Aspects of Radioactive Waste in Large Accelerator Installa
tions," DI/HP/12S, CERN (1975) . 
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Another source of external radiation on the BNL site boundary is scattered radiation from a l37es 
source which is employed to irradiate an otherwise undisturbed forest located in the northeast part of 
the BNL site, 1 , 010 m. (3300 ft) from the north boundary (see Figure 2 . ll.B) . In 1976, the radiation 
level at a measuring location on the boundary, due north of the source, was 4 . 2  mrem/yr. However, thl 
radiation from this source falls off rapidly with distance. At the site boundary due north of ISA
BELLE, the calculated radiation level from the forest source for 1976 was about 0. 0003 mrem/yr. and to 
the west of ISABELLE 0 . 001 mrem/yr. 

By comparison to these sources of external radiation, airborne effluents constitute a neglible 
source of addit.ional radiation at. 'i:he BNL site boundary. They are due almost entirely to the release 
of tritium vapor from the 100 m. (328 ft) stack of the High Flux Beam Reactor. Recently, an artifact 
was found in the 1976 measurements of this nuclide at the site boundary, which led to an erroneous 
overestimate of the resultant dose . •  For 1975, the largest dose from airborne tritium vapor at. the 
site boundary was less than 0 . 1  mrem/yr. 

Both surface and subsurface water from the AGS ISABELLE area of the BNL site would be expected to 
drain toward the southeast boundary. As indicated previously, there is only a very local impact from 
the AGS on these waters, and no apparent effect at the site boundary nor is one at tributable to ISA
BELLE anticipated. 

q . 2 . l . q  Noise Effects 

The operation of the ISABELLE facility will not significantly increase t.he presently existing am
bient noise levels on the Laboratory site. These levels, measured around the developed �Te� of the 
site. generally do not exceed qO dB, which is simil�r tD levels found in residen�ial areas. Thi6 noise 
is typically produced by on site traffic and the operation of heat. dissipation equipment (cooling tow
ers) . Noises generated by t.he operat.ion of ISABELLE will be greatest at the service center where large 
helium compressors and associated equipment will operat.e. This noise will be controlled locally 
through the use of sunken pits, earth shielding, muffleTs and acoustically-treat.ed barriers. Acceler
ator and experimental area operations will generace noises similar in intensity to those associat.ed 
with the present AGS. 

q . 2 . 1 . 5  Effects on Ecology 

As noted previously in this Statement., the total land dedicated to the construction and operation 
of ISABELLE is only a small fraction of the remaining portion of the site whir.h ii':l ,.mdeveloped . This 
undeveloped area represents a refuge area for those species of fauna which cannot exist on the devel
oped areas of site. Those populations forced to temporarily migrate to adjacent areas during the con
struction phases will be capable o f  ultimate rehabitation in the restored areas of the ISABELLE site as 
well as in those areas in the central portion of the ring which will remain undisturbed. Noises asso
ciated wit.h ISABELLE operations should have no adverse impacts on the indigenous species as evidenced 
by observations made over the years in other developed areas of the Laboratory site. As previously 
ment.ioned , because of the location of the ISAHELLE ring on grade, the facility should not. present any 
significant barrier to the migration of terrestrial species across the northwest sector of the sit.e. 

Plantings of select local species will be placed in the disturbed areas in an effort to rest.ore 
the site, and minimi�e the perturbation of the existing ecological balance of the area. The planting 
and reveget.ation program plan will actually increase the number of pines, scarlet oak and white oak now 
existing on the site with the exception of the area preempted by the physical plant.. 

4 . 2 . 1 . 6  "j'ratiic 

The operation of ISABEL!.., w1l1 involve the adrli.t1on of �ppr.mci.m>'lte.ly 700 np.OJ pp.rm<ln ent o;lmpl"yees 
which represents less than a 7 percent increase 1n the present Laboratory populat.ion. Since site ac
cess and egress is dist.ributed among thre,e gates and is cont.rolled by Laboratory Security through a 
variety of signal systems, congestion of surrounding highways should be minimized. Moreover, the site 
is served by major art.eries such as the Long Island Expressway , the William Floyd Parkway and New York 
State Route 25, which presently operate well within their maximum carrying capacity. 

q . 2 . 1 . 7  Visual Impact 

The presence of ISABELLE on the Brookhaven site will not appreciably change its existing appear
ance. Portions of the shielding berm OJill be noticeable from some locations on William Floyd Parkway 
near the northwest houndRry o f  the site where they will prot.rude slightly above tree top level. This 

*J. R .  Naldu, 1971) F:nvj ronmen t>!.l Monitoring Report - BNL-22627 
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condition will ultimately be ameliorated as the trees between the highway and the ring, as well as 
those replanted on the construction site, grow to conceal the top of the berm. The on site appearance 
of the ISABELLE facility, after restoration, should be aesthetically pleasing and 1n congruence with 
the otber areas of the presently developed Laboratory site. The ring will be clearly distinguishable 
from the air which is believed to be desirable. 

�. 2 . 1 .  8 Socio-economic Impacts 

The operation of ISABELLE at Brookhaven National Laboratory will create the need for approxi
mately 200 permanent positions on the BNL staff. These positions for the most part will be profes
sional in nature, including physicists, engineers and a supporting staff of technicians. I t  is esti
mated that approximately half of the required work force, particularly in the area o f  technical sup
port, will be recruited from the local area. The remaining positions, particularly where specialized 
skills are requ.ired, will be filled through recruitment in the general northeast area, and to a much 
lesser extent, particularly in the area of top level ptofessionals ,  from the whole of the United States 
as well as from some foreign countries. Since there is at present an abundance of housing available 
for sale in the local area, reflecting the recessed economic condition of Long Island, the influx of 
these new people should have only min.1ma1 impact .  Likewise, the increase in demand for tax-supported 
services including schools, roads, etc. should be negligibly small. I n  the cases of those personnel 
whose employment is either intermittent or transient, such as visiting scientist and students, adequate 
housing is .available .1n the apartment an'.11 on site of the Laboratory. 

As can be predicted for the short term (appro�imately five years) , the operation of ISABELLE is 
expected to increase the Laboratory ' s  annual operating budget by 20 percent or approximately 2J million 
per year (FY79 Dollar s ) .  Approximately 4 0  percent o f  this budget will b e  committed to salaries, the 
�1J",)J1ture of which could bc subji'ct to a multiplier of up to 1 . 8 ,  thereby raising the total impact of 
ISABELLE income to appro�imately 15 million in the local area. The balance of this operating budget. 

which comprises materials and services, while important, will be less significant in impac t since some 
procurements, of necessity. will have to be made outside of the region. In addition to the above
mentioned eCOnomic benefits are those derived through implementation of Public Law 874 whereby the 
Federal Government contributes aid to school districts in which children of BNL employees a ttend 
school. 

The influx of new peoplp. associated with ISABELLE will further enhance the Laboratory's presently 
existing strong impact on the local, social, and cultural well-being of the area. As noted 1n ERDA 
1540, there is 8 strong interaction between BNL and regional academia as well as industry. The ISA
BELLE ptoject is specifically dedicated to collaborative efforts between scientists a t  BNL and those 
who are staff members of universities in the northeast as well as all of the United States and some 
foreign countries. In this way, ISABELLE not only contributes to the general knowledge of man but also 
specifically to his education, particularly in the areas of science. 

4 . 2 . 2  Abnormal Operation 

In any facility, the potential may exist for unusual or abnormal conditions to occur and cause 
events that could be dangerous or harmful to personnel on or off-site. In this section such events 
will be reviewed and their effects discussed. The conclusion 1s that there are no unusual risks to on
site personnel and that the potential risk to members of the general public off-site is insignificant. 

Radiation 

The radiation levels resulting from routine operations have been reviewed in a previous section 
(4 . 2. l . 3 ) .  A normal operating loss of up to 0 . 1 %  of the circulating beam a t  any arbitrary point in 
areas other than the planned beam dump and scraper was assumed. Great efforts are made in the design 
of ISABELLE to limit beam losses to much less than this level; howeve'r, the possibility of higher 
losses or even the entire loss of the beam cannot be ruled out completely. 

The radiation levels resulting from the loss of the entire beam can be calculated from a recent 
repo�t . *  We assume chat the circulating beam in one ring is 6 x 1014 protons/cm2 /sec and that the loss 
occurs where the shielding has been designed for a 0.1% beam loss . Table 4 . 2 . 2-1 lists the exposure 
per incident to an individual standing on the shielding at the point of maximum dose and to an individ
ual at the nearest site boundary. The loss ot. the entire beam in a single area could result in damage 
to the accelerator and the consequent down time could be substantial . 

• Stevens, A . ..1. and Thorndike, A. (l976) ISA 76-11, "Estimating Isabelle Shielding Requirements.1I  
BNL 50611 (1976) Proceedings ot the 1976 . Isabelle Wotk!;hulo' 
Thorndike, A. (1'177) [St. Technical Note No. 30 "Revised Shielding Requirements." 
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Table 4 . 2 .2-1 

Maximum Individual Doses Due to Beam Loss From ISABELLE (Per Incident) 

Maximum On-Sire Dose Maximum Off-Site Dose 

(At Shielding) (At Nearest Site Boundary) 

Beam Loss Location Hadron Hadron Huon 

Tunnel 2000 mrem 20 mrem 0.04 mrelll 1 mrem 

Experim�ntal halls 500. mrem 180 mrem 10 mrem 

'these exposures are well within permissible levels in both categori�s . Furthermore, two points 
should be remembered when reviewing these values : 1) 1001 beam loss, assumed at a single point, is 
consid�red extremely unlikely. A more realistic "worst case" situation is about 10% of these numbers. 
2) The off-site muon expsoure is limited to a narrow beam. For example, at the site Qoundary, ,the 
muon beam would b e  only a few meters in diameter. Population doses are meaningless to c,alculate for 
the muon beam because of its small size. 

Fire 

Standard fire protection systems will be provided for these facilities in accordance with the re
quirements of the D . O . E .  standards .  The new facilities pose no unusual threat and no off-site conse
quences can be foreseen. 

Sabotage 

In today ' s  socio-political climate, the possibility for sabotage by dissident �ndividuals or 
groups cannot b e  overlooked. However. Brookhaven National Laboratory is not engaged in weapons
related research and development, and continues to maintain an open posture with respect to all its 
endeavors. For this reason the likelihood o f  sabotage on this Laboratory site. and particularly at 
the proposed ISABELLE facility is not considered to be high. In any case, any poten�ial act of sabo
tage that could be sustained by the ISABELLE facility would appear only to involve the disruption o f  
operations but would not involve any detrimental effects on the offslte environmen t .  

' . .  

*Preliminary estimate - Final shielding thickness has not been selected. 
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SECTION 5 
: . �, 

UNAVOIDABLE ADVERSE ENVIRONMENTAL IMPACTS 

This section discusses the magnitude and importance of those environmental effects identified in 
other parts of this St:lI;:ement _ and judged to be unavoidable. and adverse after full consideration of all 
possible mitigating measures. 

5 . 1  Construction 

As noted elsewhere in this Statemen t ,  the environmental effects resulting from construction of 
ISABELLE are, for the 1II0st .part, expected to be minor and temporary in nature. The preemption of 250 
ha (625 acres) for use as the project site ss well as the associated land clearing represent an en� 
croachment on the habitat of certain wildlife species as well as the temporary reduction in the biomass 
productivity of the area. While some wildlife may be destroyed during the construction process, most 
species will be capable of migrating to a'djacent areas of the undeveloped site which 101111 offer simi
larly suitable habitats. Furthermore, it will be possible fpr some of these species to. re.migrat"e t9 
the ISABELLE area when the construction phase is completed. The loss in biomass productivity will re
sult from the permanent removal of vegetation in· those areas where fs,ciliti.es will. be . constructed as 
well aa the temporary devegetation in surrounding cleared areas. The culver.ting of cert.ain surface" 
wat.er areas including parts of the Peconic d.itch will cause similar re4uct.lons in biomass �ctiv�tY be7 
cause of the reduction in solar insolation. 

Section 6 discusses those resources to be used in the const.ruction of t.he ISA machine and support 
facilitiea. These include building' materials such as concrete, steel, and asphalt as well .�s. copper, 
aluminum, stainless steel, titanium, niobium, and polymeric materials to. be. 4sed fo� t.he machine pro
per. The abOVe-mentioned mat.erials, for the most part, will be salvageable. However , some �mall .per
cent.age of each will be irretrievably consumed . While the use of concrete represents an except.ion to 
the above in that. its application to this purpose involves irretrievable consumption, it is reasonable 
to assume t.h3t the ISABELLE structllres may be recommissioned for ot.her purposes at the end of the use
ful lifetime of th�8 machine. 

While the other efrects of construct.ion, including noise generation, dust evolution. aest.hetics. 
hydrolo'gical disruption, and t.raffic are for t.he most part ameliorated by .mit igat.ing; lIIeas,u:�es. t'!ey' are 
unavoidable ' adverse environmental impac�s. ..' 

5.2 Operations 

The major unavoidable adverse environmental effect due to the operation of ISABELLE will be the 
consumption of elect.rical energy . The operation of this facility will approximately double the Labor
atory's total present demand , increasing i t  t.o 400 x 106 kWh per yeat. While this consumption of elec
tricity represents only 3.3X of the t.otal power presently used in the Long Island Lighting Company grid 
area, it should be mentioned that. the utility is capable of meeting both the peak demand and the sus
tained load and that st.rong efforts will be made to use solar energy where possible and to recover 
waste process hea t. I"n terms of other energy requirement.s, conventional space heating needs lo7ill ne
cessitate the annual consumptioLl of approximately 760 kl (200, 000 gaL) of No. 6 fuel oil. This rep
resent.s a 3% increase over the Laboratory ' s  present use of this resource. As a result of the inherent 
design of this facilit.y, all effluents ,  radiological and nonradiological, generated during operat.ion 
are so small as to have negligible effects. 

. .' 
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SECTION 6 

IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

This section will summarize the extent to which the proposed action would consume, destroy, or 
transform scarce or nonrenewable resources, thereby curtailing the diversity and range of potential 
uses of the environment. Inherent in any discussion of this nature is consideration of the ultimate 
decontamination and deCOmmissioning of this facility. One must project to the time when, the facili�y 
has reached the end of its useful life and make determinations of the possible extent of reclamation 
of the resources used. Since the operation of accelerators is adjudged to be relatively clean in 
nature, the decontamination and decommissioning of these types of facilities present only minimal ra
diological problems. In the design of the ISABELLE facility considerations have been made for mini
mizing and controlling potential sources of contamination and/or activation. Specifically, contamina
tion associated with ISABELLE is anticipated to be limited to activation of the machine components with 
very little effect on local soil and water. These machine components include beam dumps; internal ab
sorbers and scrapers; inflectors; system magnets and some vacuum components. 

The following subsections summarize the major resource uses associated with this proj ect. 

6.1 Land 

The ISABELLE facility will require the intensive development of approximately 25 ha (62 acres) of 
land in the northwest corner of the Brookhaven Laboratory site. This land commitment will preempt the 
use of this area for wildlife and forestation. Although there are no specific plans for alternative 
development of tl,e proposed ring site, the presence of ISABELLE will preserve a large area of open 
green space well into the future. It is estimated thar the useful physics life could extend beyond the 
year 2000. Except for the small area occupied by the actual structures, the land could be easily and 
economically restored or put to some other productive use should future circumstances dictate. 

6 . 2  Energy 

The operation of ISABELLE will require approximately an increase of 184 x 106 kwh per yr. ln the 
present use of electrical ener.gy hy Brookhaven National Laboratory, bringing �t ro a total of approxi
mately 400 x 106 kWh per yr. This total electrical consumption is approximately equivalent to 3.3% of 
the electrical energy annually produced by the Long Island Lighting Company at the present ti�e. The 
annual consumption of fossil fuels associated with ISABELLE represents approximately a 3% increase over 
present BNL use or 760 kl (200,000 gallons) of number 6 all. 

6 . 3  Water 

The construction and operarion of ISABELLE is expected to involve an increased water demand of 
approximately 2500 kl/day (.66 MGD) which is 9% of the present Laboratory annual use. This annual in� 
crement is equivalent to the water requirements for a communiry of approximately 11,000 persons. Water 
is supplied by the Brookhaven-site well system and no noticeable effect on the groundwater table is ex
pected for the life of the projecr. The bulk of this water will be used for dissipation of waste heat 
and all but approximately 35% of it,  representing evaporative and windage losses. will be returned to 
the underlying aquifers. 

6.4 Funding and Labor 

The total estimatcd construction cost for the ISABELLE project is approximately $275 million, 
which would be spent over an approximate 5-year period. It is estimated that operation of the facility 
will add $23 million annually to current BNL expenditures. Construction efforts will require nearly 
2800 manyears over the 7-year duration. In addition, approximately 200 engineers, scientists, techni
cians, and other employees will be added to the permanent staff at the Laboratory for operation of the 
ISABELLE facility. 

6.5 Construction Materials 

The estimated quantities of the major materials that will be used in the construction of the 
ISABELLE facility are as follows: 
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Concrete 47 ,000 m3 (61,000 cubic yards) 

Steel 6 , 760 M.1'. ( 7 , 450 tons) 

Stainless steel 1 , 180 M.T. ( 1 , 300 tons) 

Aluminum 73 H.T. (80 tone) 

Copper 155 H.T. (170 tons) 

Titanium 11 H.T. (12 tonal 

Niobium " H.T. (14 tone) 

Asphalt 5 . 3  ha (1J acres) 

Polymeric materials 4.5 H.T. (5  tons) 

As evident above, concrete and steel constitute the bulk of the materials. This concrete re
qurement is equivalent t o  approximately 4 . 8  k.m (3 miles) of a six lane highway; the quantity" of s[e�l' 
involved would make )500 standard sized automobiles. With the exception of concrete and asphalt, all 
materials will have approximately 80 to 901 salvage value. 

With respact to materials contaminated with long-lived radionuclides, the economics involved . 1."(1. 

their iecycli"ng will have to be considered. ItelllS in the categories .of precious metals, stra.tegic re-, 
sources, materials with small natural reserves, or materials whose production 1s energy intensive will 
receive individual consideration, but the amounts used at BNL are very small tractions of the amounts ' 
industrially available. Efforts 101111 be continued to place contaminated mater.ials into a dedicated re
use progratll "'hen possible. SOllie structural and equipment components including those deta.iled earlier 
in this section are essentially irretrievsble because of the economic aspects of reclamation and/or 
radioactive decontamination. 

, 
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SECTION 7 

RELATIONSHIP OF THE PROPOSED ACTION 
TO LAND USE PLANS, POLICIES. AND CONTROLS 

No significant conflicts are expected to arise from the proposed location of the ISABELLE faci.1i 
tty on the Brookhaven National Laboratory site. Considerations relevant to this matter are outlined 
below. 

The present use of the Laboratory site, as noted in ERDA 1540, is in conformance with all appli
cable federal regulations. As detailed in previous sections of this document (Section 4 ) .  the proposed 
construction and· operation of the ISA facility would also be performed in adherence to federal regul�
tions. 

Since the Laboratory is administered under a deed of cession, many local and state rules and reg
ulations are not legally applicable. However, it is rhe policy of DOE to cooperate with 'local and 
state authorities in many areas in an act of comity. It would appear that the use of the BNL sit·e for 
the proposed construction And operation ·of ISABELLE is a logical extension of pre�et:!t land .USEe pol.icies 
as "defined by both the ·Nassau-Suffolk Bicounty Master Plan and . the Brookhaven Town M�s�er P�an. In. . 
both these plans; the entire Laboratory site has been designated for institutional use. The .r�latively' 
sll811 commitment of land and athel;" environmental resources. required for the .. ISABELLE project appear� to . 
be quite adequately compensated for in terms of the project ' s  contribution to t.he socio-cUltural and 
economic well-being of the region as· well as the nation in general.· Such lp;nd . use is complementary to 
that of the surrounding areas. for which Corridor, Cluster and Center-type planning development have 
been· indicated. 

There are no conf·licts ari·sing from the proposed location of the ISABELLE prolect with respect .to 
other BNL plahs for the propo·sed ' site . The 250 ha (625 acres) inyolved r.epresent only 15 petcent of 
the remaining undeveloped I-and on the Laboratory property. It does not appear thi!lt tbe use of. this 10':' 

cation would affect any future plans the Laboratory may have since the actual land that will be ir
reversibly disturbed is limited and for the most part construction is below grade. Moreover. this 
course of site management ptovides maximum land-use flexibility for the future. 
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SECTION 8 

RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY 

ISARELLE represents a third generation accelerator for Brookhaven. Its proposed location is the 
northwest corner of the existing site, 1n a zone previously allocated to the location of large facili
tIes. Construction of the facility will take place during the' perlod 1979 to 1986, and operation whIch 
will cOmPence in 1985 could conceivably extend well beyond the year 2000. As noted elsewher� in this 
Ststement, the Short-term use of this site, during this projected period, will not cause any signifi
cant detrimental effects to the environment. The primary short-term effect will be the commitment of 
a certain amount of land, materials, energy, manpower, and capital resources for design, construction, 
and operation of the proposed facility. Balanced against these will be the almost immediate beneficial 
effects that the operation of ISABELLE will have upon the stimulation of the High Energy Physics pro
gram both here in the United States and abroad. In addition, there will be a profoundly beneficial ef
fect on the presently recessed local economy created by the project' s  funding and employment opportun
ity. Furthermore ,  the presence of ISABELLE on the �rookhaven site will enhance t�e Laboratory' s  pres
ent role of preserving a valuable reservoir of open space and natural habitat, both of which are ex
tremely important in the rapidly developing Suffolk County area. 

Inasmuch 3S it is a relatively clean facility, ISABELLE� at the �nd of its useful lifetime, can 
by virtue of planning and design be easily decontaminated and decommissioned. Once those components 
including beam dumps, internal absorbors and scrapers, inflectors, system magnets and some vacuum 
equipment, with induced radioactivity are removed, the remaining facilities are expected to be suitable 
for reuse. Furtheraore, to restore this land completely to its original condition should entail no in
surmountable physical obstacles and should be feasible with current technology, althou�h the decision 
to do so will necessarily depend on economics, principally prevailing land values. 

While it is impossible to be specific at this point, the long-te.rm gains expected from the oper
atIon of ISABELLE should have a profound effect on man's cultural development tQ that they will direct
ly increase his ability to understand the world in which he lives. 
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SECTION 9 

ALTERNATIVES 

This section will attempt to evaluate reasonable alternatives to the proposed action of construc
tion and operation of the ISABELLE facility at Brookhaven National Laboratory. 

Analytically the alternatives are cun�idered in tWO categories: alternatives to the proposed 
action and alternatives within the proposed action. The first category includes no-action and alter
nate facility location. The second category includes alternatives to accelerator and facility design. 

9 . 1  No Action Alrernarive 

9.1.1 Abandonment of Project 

If the United States chooses not to bui�d a high energy proton-proton colliding-beam machine, the 
most energetic nucleon-nucleon collisions available in the world would continue to be those at the ISR 
in Europe. Proton beams from FNAL striking stationary target nucleons provide collisions with lower 
energies available in the center-of-mass, but greater numbers per second. Without a new facility, 
there would be no substantial increase in energies available for use until such time when colliding 

beam experiments might be undertaken 3t FNAL or in Europe or Russia. However, at FNAL, particle col
liSion rate wuuld be less favorable and facilities abtoad would have only limited availability to Amer
ican scientists. 

The experiments envisioned for ISABELLE, which it is hoped will provide a bet ter understanding of 
the weak and strong interactions and the basi� constituents of matter, would have to be abandoned and 
the stimulus of this frontier research to universities throughout the United States would be lost. The 
balance of the high energy physics program would be deprived of a major facility in the eastern part of 
the country as the AGS eventually becomes obsolescent. The econ'omic benefits of the construction and 
operation of ISABELLE would be lost to the regional area .• 

These 
m.ight 
use. 
pacts 

9 . 1. 2 

The resources devoted to ISABELLE could be used ru·r other purposes, or saved for future use. 
include manpower, energy and construction materials as described in Part 6.  Other desirable uses 
be found for the land, though it has few features to make it attractive for park or recreational 
Most uses involving residential or commercial development would have adverse environmental im
greater than those associated with construction and operation of ISABELLE. 

Postponement of Project 

Any postponement of ISABELLE would delay execution of the experiments on weak and strong inter
actions and on basic constituents of matter for which ISABELLE is needed. The stimulus to universities 
would be postponed, and a period of reduced adequacy of research facilities in the eastern part of the 
U . S ,  would be introduced. The direct economic impetus of ISABELLE would similarly be deferred. While 
a postponement of ISABELLE is a logical possibility, some 10s5 of momentum in the project would un
doubtedly result from. such action. Serious consideration of ISABELLE design possibilities began in 
1971; a stretchout such that completion would be delayed for more than -IS years would have some prac
tical difficulties . 

Postponement would defer the use of the resources devoted to ISABELLE as described in Part 6,  
The resources would still be required at the later time , however. In general they would be as valuable 
then as now, if not more so, and postponement would have no net effect on resource utilization. The 
benefits from the scientific knowledge gained by use of ISABELLE, on the other hand , would be reduced 
because they would be available later. Scientific knowledge 1s a permanent resource that is not con
sumed by use. 

The.1"e is, vf o.:UUlSti, sume possibility that postponement of ISABELLE would lead to improvements in 
the eventual machine through increased time for research, development, and design. ISABELLE will use 
many types of new technology , such as superconducting magnets, for which improved capabilities are 
quite possible. No breakthroughs are expected in the immediate future, however, and the design of 
ISABELLE is chosen to exploit developmentS of recent years, The use of present advanced technology in 
a scientific facility like ISABELLE is an excellent way to introduce new technology into more general 
use and to encourage further developments in the field. 
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9 . 2  Alternatives to Facility Location 

To provide colliding proton beams it is necessary to have a source of protons, which makes it 
convenient and economical to build such a colliding beam machine where a suitable source of high energy 
protons with a very concentrated beam already exists .  The twO possibilities in the United States are 
Brookhaven and Fermilab. and technical considerations would permit construction of a machine with high 
energy and luminosity at either site. Environmental impacts would be similar in the two cases . Choice 
of the FNAL site would imply a highly centralized high energy physics research program. with the vast 
majority of personnel. projects, snd expenditures st a single site. Decentralization is considered a 
preferable route to equitable access. the stimulus of competition, and the innovative climate essential 
in research enterprises. The FNAL staff and other resources are heavily committed for many yeats to a 
very busy experimental program with the highest enetgy conventional accelerator, to the energy in
creases of the energy doubler/saver, and to other developments. The addition o f  ISABELLE would be 
likely to overload services and facilities such as computers and machine shops, generate crowding in 
office and laboratory space, Bnd interfere with the expeditious progress of these important programs , 
even if additional staff were provided to carry it Out. The program at Brookhaven would be greatly 
weakened by such a choice, with adverse effects on the diversity and balance of the high energy physics 
program. The FNAL site does not have any major environmental advantages that would make such a choice 
preferable. since it is located among the outer suburbs of Chicago. 

On the other hand , ISABELLE could be buUt at an entit'ely III:!W �ite, with all aopccts of the f.a
cility designed and built from the beginning , including an injector synchrotron. The absence of con
straints at a new laboratory site ha.!! IIol,)flle advantaGes I fl"oqullnt !Ilf)Vf!S fit thf': piOl\eeIin� tradition. 
There are conflicting requirementa tOT such a. neVI hi�h energy loboratory: it ",,,!O.t hp PA!O.tly accessi
ble, yet located ao as to have plenty of space and to cause few adverse effects in the area. To find 
a site superior to Brookhaven in important ways \lould b� Jifficult . II very Qomprahansi"p rpv1f'.W of 
sites suitable for s major accelecor was made in 1966 before selection of th� Weston, Illinois �ite for 
Fermilab. From a total of over 100 sites that were proposed six were classified as meeting all objec
tive requirements. In addition to the one st Brookhaven these included �lces near Ann IIrbor, Michigan ; 
Denver. Colorado; Madison, Wisconsin; and Sacramento, California, as well as the chosen one nesr 
Chicago, Illinois. 

In most areas land is not as freely available now as in 1966, and development of a new site would 
preempt land from other us.es. Building a new laboratory would be more expensive than utilization of 
existing land and facilities. The main environmental effect would be to transfer impacts from one lo
cation to snother without any net benefits. In general, both costs and environmental effects would be 
significantly increased by the estsblishment of a new laboratory . 

9 . 3  Alternatives to Accelerator and Facility Design 

9.3.1 Alternatives to Accelerator Design 

Other kinds of accelerators would not provide improvements over the l�A.BELLE deslgl1 .ill reduced 
environmental impacts for the same scientific eiteetivene!:it:l .  Ttl y\..u .... iJe the oamc ullCirgy lIv� f l !lhJf' 1.n 
the system defined by the colliding particles as will be provided by ISABELLE, a conventional machine 
with one high energy beam and a fixed target would require a diameter about 400 times that of ISABELLE , 
which would be completely impractical in terms of increased cOSt, resource utilization, and environ
mental impact. Similarly, a machine with colliding electeon beams would have to be at least 1.0 times 
the dla.;neter of ISABELLE to reach the same energy . and the power needed would also be so much geeate.r 
that it would be impractical. The cost, eesource utilization, and ,,-,(lI/ironme-ntal impaots of $uch ". mR
chine, would be correspondingly much greater than those of ISABELLE, which has been designed to be as 
efficient as possible in maximizing the available energy provided by the colliding particles. 

The U . S .  high energy phys1es prow ram incluJt:a a fixed targot aoccl&r;>t(1T Ar FNA!. and a collidin� 
eillctron beRm mAchine at SLAC. In thia coordinated national program. it is Brookhaven ' s  role to con
struct a machine with colliding proton beams and the highest energy that can be attaint!J .. L acceptablc 
cost and with strictly limited environmental impacts. 

Although the outstanding technical feature of the ISABELLE design is the use of superconducting 
Magnets. conventional magnets with copper or aluminum windings could be used. Such an optional design 
i8 included in A Proposal for ConstructioLl of a rroton-Proton Storage Accelerat.or Facility. ISABELLE . 
May 1974. It was rejected because the size and construction costs exceeded those of the supeeconduct
ing design; electric power requirements for operation were about three times as great; and, finally, 
the predicted beam performance was inferior to that of the more compact superconducting design. Be
cause of the high electric power requirements there would be a corresponding need for cooling water. 
Choice of a warm magnet design would clearly be undesirable because of the greater environmental and 
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economic costs. In addition. use of superconductivity in research applications is desirable 8S a way 
of stimulating more widespread development and use of this energy-conserving technology. 

In determining the overall scope of the ISABELLE facility. the most Significant parameter is the 
beam energy of 400 GeV. A reduced energy would lead to a smaller diameter, smaller energy consumption. 
and reduced environmental impact s .  Conversely . an increase in energy would lead t o  an overall increase 
in cost and environmental impact .  The great promise of the research program envisaged for ISABELLE de
pends entirely on the large available energy in the proton-proton collisions. Therefore. it is essen
tial for the energy to be substantially greater than that of the ISR, which provides 3l-GeV proton 
beams. The design energy of 400 GeV satisfies this requirement well. Since one of the main objectives 
of ISABELLE is to demonstrate the existence of W mesons and study their properties, the energy of 
ISABELLE needs to be adequate for this specific purpose. Theoretical estimates indicate that 400 GeV 
is completely adequate, but reduction would increase the running time required to produce a given num
ber of W mesons to an undesirable degree. For the research program the highest practical energy is the 
best, and in the present design, evaluation of trade-off between scientific capabilities and economic 
and environmental costs has led to the choice of 400 GeV. 

The scope of ISABELLE might also be reduced by providing a lower beam intensity or fewer experi
mental areas. Such changes would cause a considerable loss in research capabilities with only a very 
limited reduction in the environmental effects. 

9 . 3 . 2  Alternatives to Facility Design 

Some reduction in electrical power demand could be accomplished by requiring that all magnetS 
used in experiments be super conducting. At present i t  is expected that some will be conventional warm 
magnets with copper at aluminum conductors, which are simpler and less expensive to build. A policy of 
using superconductors throughout might reduce experimental power requirements by a$ much 8S .50%, from 
15 MVA to 7 1/2 HVA. This, however, would result in an overall demand reduction from 40 ·MVA to 32.5 
MVA, only a 19% reduction. Of eourse such numbers are only rough estimates. since the apparatus for 
the experiments has not been designed yet in any detail. In the ISABELLE design figure of 15 MVA for 
experimental power, it is assumed that large magnets which will run for long periods of time will be 
super conducting since they are che ones for which economic and environmental benefits justify the ini
tial invf! .. tment to .the greatest d�gree . It does not appear that it would be worthwhile to require more 
complete use of superconducting magnetB, but the question should be decided, case by case, as specific 
experimental equipment is designed and built. 

Water usage is primarily for make-up water requirements for closed-loop cooling towers. The BNL 
water system can supply the necessary water, and the environmental impacts do not seem to be a cause 
fat concern. Evaporative coolers of similar capacity are used at AGS and HFBR without generating fog, 
condensation, or deposits that are troublesome . As an alternative, dry-air cooling which would mini
mize water use might be employed , but greater expense would be expected. and the visual impact of the 
large towets would be undesirable. 

It would be possible to utilize a cooling pond rather than towers, but, assuming 0 . 2  ha (0.5 
aere) per MW, about 8 ha (20 acres) would be required. Such a pond would be expensive to construct ,  
and its impact might be unfavorable because o f  the elevated water temperature. The water-cooling pro
cedur� in th� prR�p.nt design which utilizes evaporative coolers is considered preferable to other 
alternatives at the present time. 

The radiological impact of ISABELLE could be further reduced by increasing the earth shield over 
the machine. There are two general ways of doing this; either the tunnel floor elevation above sea 
level could be lowered so that a greater fraction of the machine is below natural grade level, or the 
thickness of shielding berm over the tunnel could be increased. Lower elevation eventually places con
struction below the water table, which is undesirable, and a thicker berm increases earth moving and 
disturbance to the site. Various combinations have been studied and the choice of tunnel elevation has 
been made that minimizes the volume of earth to be moved . A thicker earth shield would add to the cost 
of construction and make the experimental areas less convenient to use, thus slowing the progress of 
experimental work. The Vroposed design is believed to be an optimum choice in this regard. It relies 
on good control of the circulating proton beams to minimize undesired beam losses vhich generate back
ground radiation. With good control of the circulating beam a very clean machine results, which is 
advantageous for experimental use and keeps radiological impacts at a lov level. The emphasis, there
fore, is on the roost sophisticated techniques for monitoring the behavior of the proton beams and con
trolling them to provide the desired orbits, rather than on the provision of extremely thick sand 
shielding. Operating procedures and controls will assure that radiological impacts are well within the 
conservativc levels that hOlVP heen set. 
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SECTION 10 

ENVIRONMENTAL TRADE-OFF ANALYSIS 

The environmental, technical and socio-economic aspects of the beneficial and adverse effects 
associated with the proposed ISABELLE project and reasonably svailable slternatives have been discussed 
in the body of this Statement. This section synopsizes that information in order to provide an analy
sis of the environmental trade-offs associated with the proposed action and its alternatives so that 
an informed judgment can be made concerning the wisdom of undertaking the proposed action rather than 
one of the alternatives. 

For the purposes of this analysis, the proposed action is considered to be the construction and 
operation of the ISABELLE project at the Brookhaven National Laboratory site as described in the body 
of this Statement. Table 10-1 presents the environmental. technical and socio-economic aspects of the 
beneficial and adverse effects associated with the proposed action in summary fashion. Environmen
tally, this action supports the continuing Brookhaven National Laboratory policy o f  preserving natural 
areas in a manner wh.ich minimizes enVironmental stresses and provides maximum flexibility in terms of 
future land use options. The technical benefits associated with this project cannot be underestimated 
in terms of their profound impact on man's pursuit of knowledge. The temporary and permanent employ
ment positions as well as the attendant purchases of materials and equipment associated with this pro
ject will have a strong stimulating effect on the presently recessed regional economy. The presence of 
rhis project at Brookhaven further enriches the laboratory ' s  contribution to the cultural well being of 
the region. particularly in the area of education. 

Balanced against the benefits discussed above one must consider the adverse effects associated 
with the execution of this proposed action. Primarily these comprise the preemptive use of resources 
including 180 x 106 kWh per year of electricity, 760 kl/yr (200,000 gallons per year) of fuel oil, 2 . 3  
x 105 kl/yr (60 x 106 gallons per year) of water, 250 ha (625 acres) of land and varying amounts of 
construction materials. While project construction will cause some intermittent and temporary local 
disruption, the operating phases of this project will contribute very minor environmental impacts. 
Due to the availability of prospective employees for both construction, and to a somewhar limited de
gree, operation, in the local area. the demands for housing and associated tax-supported s�rvices are 
e�pected to be minimal .  

Juxtaposed t o  this analysis for the proposed action are similar analyses of the environmental 
trade-offs associated with reasonable alternarive actions. Logicslly such alternative actions fall in
to two categories: alternatives to the action and alternatives within the action. Those alternatives 
to the proposed action include the no-action alternative (abandonment/postponement) and alternate fa
cility location, the beneficial and adverse effects of which are summarized in Table 10-1. Other than 
the avoidance of the adverse impacts associated with the proposed action the alternative of abandonment 
offers no benefits. Furthermore, the pursuit of this alternative could result in the deprivation to 
society of a facility dedicated to the acquisition of fundamental knowledge and a t  very least could 
cause a set-back to U . S .  leadership in the field of high energy physics. The alternative o f  project 
postponement does not avoid the adverse impacts associated with the proposed action, but rather defers 
them temporarily. While this alternative may provide extra time for possible design improvement S ,  the 
development of which are only speculative, i t  will certainly interrupt the high energy physics research 
I:H:lu:,Jule in thiD country aii well AI; abroad. Moreover. it" defers the economic stimulus associsted with 
this proj ect from a time when it would be most productive. While the benefits associated with thlil; "::0;1-
struction and operation of ISABELLE at an alternate site are difficult to accurately predict, they 
would not be expected to be any greater than those associated with the proposed action. On the other 
hand , adverse effects could be considerably more significant depending on the site location. The re
quirement for support facilities (primarily inj ection devices sucn as the AGS) could entail appreciably 
greater environmental impacts as well as increased construction expenditures. Consideration must also 
be made of the availability of trained personnel for construction and operation of the facility. 

Tne beneficial and adverse effects of those alternatives within the proposed action are summar
ized in Tsble 10-II. These alternatives are grouped into two categories. Alternatives to Accelerator 
Design consider the variety of experimental machines that could be employed to achieve similar research 
capabilities. Alternatives to Facility Design consider those changes within the Proposed Accelerator 
Design which could result 1n diminished environmental impacts. The pursuit of design alternatives of
fers no beneficial environmental effects. Conversely, the use of these designs involve significantly 
greater environmenta l  impacts and economic expenditures associated with increased ring sizes and 
greater resource consumption. In addition to this, in the case of a conventional accelerator (one with 
a single high energy beam and a fixed target) there will be significantly increased radiological ef
flu�lIttl B;,ld for the .... orm magnet machi ne, the predicted beam performance would be inferior. The alter
natives directed at impact minimization involve lUore complete use of superconducting magnets, altt:cuate 
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Bene fic ial �ffect8 

Environmental 

Technical 

T 
- Socio-economic 

Adverse E'ffe:ts 

Enyiro,lU!Iental 

Table 10-1 

Envl=onmental Trade-Off Analysis Summary for Alternatives to t�e Proposed Action 

Pro�osed Action 

Preserve� land use op
tions. l-aniu:izes en
vironmental stresses and 
c�nserves natural 
area.. 

Provides better under
E :an.ding of the basic 
constituents �f matter 
and their weak and 
s:rong i�era:tions. 
ScillJ.Jlates h1,ih 
eneriY physica research 
in U�lte� Sta:ea and 
abroad. 

Provides 500 cemporary 
and 200 p!tlIIanent employ
ment poal:10n8. Contrib
utes d��e.:t il1com� incr,e
�nt of , $110.00Q.OOO to 
L:ng , Island .ec900my' • . , 

E::haocea Laboratory' 5' 
c·:ntribut::'on to 'the cul
tural wel:'-being of the 
regiOn, parti�ularly in 
the �rea of eoucation. 

R�qulres �ea.r]y consump
tion of 180 x 106 kWh of 
electricity, 760 kl 
(�O.OOO gal) of fuel 
0::.1, 2 . 3  Y. 105 kl (60 x 
106 gal) (,f water and 
constructiOn materials. 
Causes tenporary local 
di3ruptior. dur.1ng con
struction. 

No .... ction Alterna:i.ve 

Abandonment 

Land remains as it cur
rently exis t s .  

)lone 

Hone 

None ' 

:ostpo[.ement 

NOne 

Provides time for possi
ble de5i:;n improvement'. 

None 

-,r 

. .. 

Ultimat!ly produces im
pacts sl�lar to those 
of prop.)sed ac.tion. 

. .  

Alternate 
Facility Locations 

Unknown - benefits de
pend on nature and lo
cation of other site. 

Same benefits as pro
posed action. 

Unknown - depends on lo
cation economy . Future 
impacts' are similar to 
propos'ed' acti';ln.' 

Produces at least the 
osame impacts as pro
posed action and pos
sibly con�ide�ably more 
depending on the exis
tanee of support facili
ties such as AGS . 



Beneficial Effects 

Tee·nnical 

Socio-economic 

� l' 
w 

Proposed Action 

None 

Creates minimal demand for 
housing and, a.ssoc�ated [ax 
�upported services due to 
influx,of 100 nev employ-
ees. 

.' 

I: ' 

Table 10-1 (Conc'd) 
No Action Alternative 

Abandonment 

Deprives society of a fa
ciLity dedicated to the 
pursuit of fundamental 
knowledge. Potentially 
causes a setback to U . S .  
leadership in field of 
high energy physics. 

None 

Postponement 

Interrupts high energy. 
physics research sched
ule and reduces stimulus 
to scientific community. 

Defer economic: stimulus 
from a time when it will 
be most productive. 

Alternat.e 
Facility Locations 

None 

Unknown - depends on lo
cal economy . CouLd in
volve significant addi
tional expenses if sup
port facilities are not 
available : -

,'. 
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Table 10-II 

E:lVironmental Trade-Off .4.na lysis SWlll'Dary for Alternatives lHth1n rhe Proposed Action 

Alternative 

Accelerator DEsign 

Conventional Accelerator 

Colliding Electron Accelecator 

Warm Magnet colliding �·co:on 
Accelerator 

Facility Design 

Complete us� of superccnducting 
magnets. 

Dry-air Cooling 

Cooling ponds 

Increased shielding 

Subterranean 

Above gr[·und 

Beneficial Eftects 

None, env1�onmentally 

None. envi':-or.mentally 

lNo:l�. environmentally 

�ec=�ases power demand approx
ima.:Ely 191. 

3l�cinates �earlY consumption 
olf ':' . 9  x !C. kl (SO x 106 gal) 
of l1ater. 

�e�uces aesthetic impac t .  

�edLces radiological i�act. 

F.educes radiological i�act. 

Adverse Effects 

Increases ring size (400 time s ) .  
Increases radiological impacts. 

Increases ring size (10 times) . 
Electrical consumption greatly in
creases. 

Electrical consump tion increased 3 
times. Increases size of ring. Pro
vides inferior beam performance. 

Increases capital expens e .  

?roduces visual impact. Increases' · 
·':apital expense. 

Increases requirement for land 8 . 1  ·ha 
�20 acres ) .  

Possibly encroaches on underlying 
water table. Increases disturbance 
to site. 
expense .  

Increases construction� 

.' 
, 

Increases construction expenses. ·- ' · � 
Decreases experimental flexibility. 
Increases visual impact. 

'0 

-. ' . 
.;. " 



watet cooliqg systems and in creased radiat�on shielding. Table 10-11 compares the beneficial effects 
of environ=ental impact diminishment versus the adverse effects of increased monetary expenses and 
en�ironmental manipu�ation associated ·with these alternatives • 

. 

• 
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APPENDICES 

A - Comment Letters 

B - Glossary of Terms 

C - Metric Prefixes and Conversions 

D - Symbols and Abbreviations 



A - COMMENT LETTERS 

Comments on the Draft Environmental Impact Statement were received from the following: 

Department of Transportation 

Department of Ag�iculture 

Department o f  Health, Education and Welfare 

Environmental Protect-!on Agency 

Charles L. Weaver - Consultant 

Department of the Interior 

Nuclear Regulatu�y Commission 

. 

New York Srate Depattment of Environmental Conservation 

National Science Foundation 

The text of the statement has been changed to reflect [he comments received and annoted to indicate 
the origin of the comments. 
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lJ . . 5. DEPARTMENT OF TRAI'<I5PORTATION 
FEOERA,L "'I.G"'IWA," �OM'NISTR""T'ON 

REGioN ONE 
Nc\� York [hvision Office 

Leo II' . O ' Brien Federal Hu11ding, Ninth Floor 
Albflny, Ne'� York 12207 

�[r. w .  II.  Pennin�ton, Director 
Offi(',(l o� NEPA.. Coordination 
Department of f:ncrgy 
washington, O .  C .  205,15 

Dear Nr. Pennington: 

1·larch (-" 1978 
'N .. ., .. �" "'�IA �O, 

lIr\-NY 

1�t:! have completed our review of the Ura:ft Environl�ental Impact 

Statement for the Protoll-Proton Storage Accelerator racility 
at Brookhaven National Laboratory, Upton , New York as submitted 

�l'ith your .February 1 7 ,  1973 letter. We do not have any comments 

on the Ilraft Environmen":aI Imp<lct Statement. Thank you for your 

coordination efforts. 

Sincerely yours, 

" . 

'3'i;:":{_b-
Victor 1:.. 'T{lYIO� 
Uivision AUlninistra.tor 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 
U. S. Courthouse and Federal Building, Syracuse, New York 13260 

'March 17, 1978 
. 
M r .  W, H. Pennington 
Director, Office of NEPA Coordination 
U: S, Department of Energy 
Washington, D. C. 20545 

Dear Mr. Pennington: 

We have reviewed the draft Environmental Impact Statement for the 
"Proton-Proton Storage Acc;elerator Facility, B rookhaven National 
Laboratory, Upton, New 'York, ' I  prepared by the U, S. Department 
of Energy, dated January 1978. 

The following comments a r e  suhmitted: 

(1)  Page 3 - 4  

The last paragraph on this page, \'cgarding soils, would be more 
accurate if it statecl: "Surfac,e deposits vary in texturc {rOlll 
place to place. Soil types on site include Atsion sand, Berryland 
mucky sand, Carver and Plymouth sands, Deerfield sand. Haven 
loam, Plymouth loamy !land, Raynham 1061'T'1, Riverhead sandy 
loam, Scio silt loam, sandy subs tratum, Sudbury sandy loam, 
Walpole sandy loam, and Wareham loamy sand. " 

(2t Page 3 - 1 5  

The vegetation map of the site ust:s a very similar legend symbol 
for Pine-Oak Forest and Swamp. This makes it difficult to dis
tingui sh between these vegetative types. Some clarification of 
the. symboling i s  needed. 

( 3) Page 4-2 

The last parag raph discusses excavation and stockpiling. In 
stockpiling tops"oils should be salvaged, seg regated, and stored 
for use later a,' topsoil. Appropriate vegetative materials such 
as quick growing grasses should be used to protect stockpiles 
and denuded areas from erosion. We recognize temporary sedi
ment basins are being considered for use. 
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- 2 -

M r .  W. H. Pennington 

(4) Page 4�7 - First sentence 

March 17,  1978 

We note a number of specific trees are mentioned for planting. 
The planting plans should include grasses and legumes that a r e  
compatible with the site conditions. These materials become 
established much more quickly than trees and will .se rve an 
interim erosion control purpose. 

We appreciate the opportunity to review and comment on this statement. 

Sincerely. 

B:.�!.� /fv 
State Conservationist 

cc;: R: M: Davis. AdministratC!T, SCS. Washington. D. C. 
Office of Federal Activitie s ,  EPA, Washington. D. C. (5 copies) 
USDA Coordinator, Office of Environmental Quality 
Cletus 1. UHlman, Director, TSC, SCS, Broomall, Pennsylvania 
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DEPARTMENT OF HEAL TH, EDUCATION, AND WELFARE 

PUBL.IC HEAL. TH SERVICE 
C(Nf'lt '011 OISf:AS," CONfllOt. 

ATI,.Ar<t A, CEOIIC'A lOll) 
ff:I.(""OI<I:: 1_0_, 'll·l l i l  

Mr .  w. H. Penning ton " 
Director 
Office of NEPA Coordination 
Qepartment of ,En�rgy 
Washington, D.C. 20545 

Dear Hr .  Pennington: 

AprU 6, 1978 

' "  

• 

.. . 

, , 

' . 

We' are respond1ng to the Draft £nvironmentahlmpact Statement regarding 
the Proton-Proton Storage Accelel'4tor " Facil1ty ( Isab�lre) a't the , ' 
Brookhaven National Laboratory, Upton,' New York, on be�lf of Fhe Publfc 
Health Service. . 

J' 

OUr review of this statement indicates that the impact of the proposed 
act10n and the, rC3Sonable al ternat1'fes 'have be,m adequately ' addressed" 

We apprec1at� the oppor'cl1111ty' co have reviewed t.hJ:s statement. 

Sincerely . yours, 

L Y11i-v(/i-

A-5 

William H. Foege, H.D. 
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U N I T E D  STATES E N V I R O N M E N T A L  PROTECTION AGENCY 
REGION I I  

2 6  F"EDERAL PL,.AZA 
NEW YORK. NEW YORK 10007 

? APR J91B ' 
Mr . . W. H .  Pennington . .  Office of the Assist.tlnt. ,ll.rimi nistrator 

for Environment and Safety ' 
Mail Station E-201 
Ucpartment of Enerq'y 
Washingto n .  �.C.  20545 ' 
Dear Mr. Pennington: 

' .  

Class. ER�2 

The EPA has reviewed the draft envi ronmental impact statement (EISI iSsued 
in connection wi th · the Proton-Proton Storage Acceler'ator ' Facil Hy. -(isabelle)  
to · be located at Brookhavetl National laboratory (BNL) i n  Upton; ·New York, 
and offers the fol1 owi"ng comments for 'your consideration in preparing a 
final EIS. . . .. . . -

The EPA finds that the draft EIS provides insufficient detail to 1ndepend
ent1y determine the environmental acceptabi l i ty of the Isabe l l e  facility .  
Mr. Andrew Hull of BNL states that the intent of Section 4.2 : 1 . 3 ,  Earth 
and Water ActiVit� i s  to provide a comparison of the radiologica� impacts 
of Isabelle and 0 the existing Alternating Gradient Synchrotron (AGS) . _ 

which is the i njection source for Isabelle.  ft 1's argued that AGS with' a 
50% beam loss could produce concentrations of 7Be and 3H of 1 . 1  x 108 pC;/l 
and 3 . 3  x 10B' -pCi / l ,  respective1.v. and th{lt these concentrtltinns (which . 

eou'ld be produced at this time with eJci � t i llg AGS operat10ns). are much · 
hiQher than' the concentrations possible from· Isabe l l e .  . . 

The AGS concentrations, based on a method by Stapleton and Thomas ,·l are 
at least a factor of 1 5 ,000 greater than the EPA ' drinking water standards2 
of 6 x 1 03 pC111 for 7Be a

'
nd 2' x' 104 pCiti for 3H. The reasoning

' 
continues 

that, based on monitoring during AGS operationi, these cQncenttations ha�e 
not been teaChed ;n any of the monitoring wells established around the BNL 
faci l ity. The draft EIS asserts that Isabelle.  a smaller radiation source 
than AGS , should have a radiological impact smaller than ,the known impact 
of the existing AGS. 

The crux of the <lrlJument is the contenti ofl that Isabal 1e would. i ndeed .h'ave 
a smaller radiological impact than AGS. This i"s based on the fact that 
Isabel le would use only 2 . 3 percent of the total protons p,rpduced by AGS. 
and even less would actua lly be accelerated within Isabel l e'. ,Howev.er. the 
final EIS i ssued i n  connection with BNL indicates that some sampling wel l s  

' near the disposal area d o  exceed EPA drinking water standards. 

A-' 
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Because the groundwater beneath BNL is classified by New York State as a 
source of potable water (GA) ,3 we believe that the argument for rsabel 1e 
could be better supported by a discussion of the reasons (di l ution, 
availabi l i ty of water to individual wel l s .  water movement from AGS shield 
to aquifers , etc.) that such c·oncentrations would not reach a drinking 
water receptor. The draft EIS does state that the rat5 of groundwater 
movement on the BNL site ;s about 15 em/day, and that H would decay by a 
factor of eight before reaching the BNl boundary, some 2 km away . The 
final EIS should determine whether this decay factor. along with dil ution 
and dispersion factors, is sufficient to guarantee that drinking 'l:l'a"ter 
standards �li l 1  be met offsite. 

It is also requested that the final EIS explain why the ·method of Staple
ton and Thomas was ·not used to calculate the maximum concentration of 7Be and 3H for the operation of Isabelle at 400 GeV. 

The review of the draft EIS would have been easier if a cross-section of 
. the Isabelle  facil i ty were provided. Such a figure would clear up · ques
- tions of how . deeply the Isabelle  facil ity is embedded into. the ground. 
whether the .materials and the thickness of the protective berms are 
adequate to prevent excessive i rradiation of earth and/or groundwater 
during beam loss. and what the relation of the faci l i ty is to the aqui
fers beneath BNL . 

On page · 3-l8 of .the draft EIS , the- average gross-beta �ctivity i n  rain
wate� for 1976. i s  given as 95 pCi/l . Because normal precipitation 
activity is usually less than 20 .pCi/l . it is requested ·that the. final 
EIS explain th� high average activity. . 

' . .

.
. ; 

. 

In l ight of the· above comments and i n  accordance with ' EPA procedure; we. 
have classified the draft EIS "ER-2" indicating our environmental ·reser
'lations (ER) rega�ding the proposat ',s radiological impacts , and our 'l1eed· . for additional information to complete our review ( 2 ) .  I t  is requested 
that EPA be _given .an opportunity to review �he _proposed responses· to 
these COlMlents before issuance of a final EIS. For coordination in this 
nlatbi!r, pleas!!! co.ntact Jeanette Eng at (212) 264-4 1 1 0 .  ' 

Sincerely you,rs. 
. .  . � ·''>' . . bh . ... j A�1l\ I 

Barbara M_ Metzger 
Chief 
Environmental Impacts Branch 

cc: A·. Hul l .  BNl 
l .. · Enma. BNl 

A-) 

" . 

. . 
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Mr,. W., H. pe(1nin9to,:!. Director 
Office of NEP"A Coordination 
Department of Energy 
Washington. D : G .  20201 

Dear Mr. pennington; 

Apr i l  4. ·1978 

The Department of Health Education and Welfare has 
reviewed the Summary Sheet and Department of Energy ' s  (DOE) 
draft Environmental Impact Statement (EI5) for the Proton
Pro�on Storage Accelerator Facility ( Isabe l l e )  and has the 
fol lowing comments to offer. 

Page 2-13 Section 2 . 1 . 2 . 2 . 7  Environmental Monitoring. 
The BNL Environmental Monitoring Program is bel ieved to be 
adequate Eor detecting planned and unplanned releases of 
radioactive material to the environment . 

page 4-14, Section 4 . 2 . 1 . 3 . The radiological impact 
discuss ion indicates that there w i l l  be a minimium impact 
on the environment, but does not include sufficient infor
mation td fully support the s tatement . For instance it 
states that Isabelle is a smatler source of radiation and 
should produce less radioactivity than the AGS which con
tributed less than 1% of the total. popu lation dose equivalent 
a t t r ibutable to BNL operation in recent years. S u f f icient 
explanation or data were not provided to support the conclusion. 

The deS ign uLj�ct ive o f  1000 mr�m/yp.ar for the highest 
outside radiat ion level for a hypothet i c a l  individual who 
spends 40 hours per week at that location may not necessarily 
meet the ALARA criteria if it is arbitrar i ly taken as 20 
per cent of the DOE upper exposure limits without a detailed 
analysis o f  the shield ing design. 

Ground water contamination of tritium is recognized as 
a potential long range problem. Thu s .  increased monitoring 
of both �urface �nd subsurfacp. water should be undertaken 
prior to construction and operation of Isabe l l e .  
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Page 2 

In the summary on p�ges 4-22 it states that the resultant 
radiation dose from operation of Isabe l l e  w i l l  not increase 
the total yearly dose to any person working on-site by more 
than 1000 mrem/yea r .  It is assumed �hat even with this 
additional dose the occupational dose would be within 
presently accepted limits. However, it might be appropriate 
at this t ime to re-examine the operations and take steps 
to reduce the expected occupational exposure s .  

I n  9Umm.:lry, l.t i s  believed ' that thc I:lcbeUe facil ity 
can be operated to meet curtent radiation protect'ion 
quid?lnr.f'I ;'Inn prmri r\/il adQqu.to protootion of the �ub l i..:: 

hCQlth and saf�ty. 

Sincerely. 

/lP A J)9� �J...(.l, V':£d,'�� 
Charles L Weaver 
Consultant 
Bureau of Radio log ical Health 
Food & Drug Administration 

CLw/dn 

c c :  Dr. �aylor 
Dr. ,shleien 

. .  
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United States Department of the Interior 
OFfICE Of THE SECRETARY 

WASHINGTON, D.C. 202·.0 

E R - 9 8 '/ 1'4 6  

M r .  W .  ' H .  Penning t o n ,  D i r ec t o r  
O f f i c e  o f  N E P A  Coordination 
Department of Energy 
W a s h l h g t p n ,  D .  C .  20545 

Dear M r .  Pennington: 

APH 1 4 197a 

Thank yaa f o r  y o u r  l e t t er o f  February 1 3 ,  19 7 8 ,  transmitting 
copies o f  the Depar tment o f  Energy ' s  d r a f t  environmental 
s t a t ement o n  the p r o t o n - p r o t o n  s t o r a g e  a c c e l e r a t i o n  f a c i l i t y  
( I s ab e l l e ) , B r o okhaven National Labor a t o r y , S u f f o l k  County . 
U p t o n ,  New Y o r k  I DO E / E IS-OOO)-D] . 

Our comments a r e  p r e s en t e d  a c c o r d i n g  t o  the format o f  the 
statement or by s ub j e c t .  

General 

We find that the draft s tatement adequately d e s c r i b e s  f i s h  and 
w i l d l i f e  r e s o u r c e s  an� mineral r e s o u r c e s  a s  well as the pro
j ec t ' s  impacts on tnese r e s o u r c e s .  

C u l t u r a l  R e s o u r c e s  

While page 3-19 o f  t h e  d r a f t  s t atement c o n t a i n s  a paragraph 
concerning arche o l o g y , there i s  no i n d i c a t io n  of consul t a t i on 
w i t h  th.e S t a t e  H i s t o r i c  P r e s ervation O f f i c e r  o r  evidence o f  any 
d e t ermination concerning the p r e s e r v a t i o n  of h i s t o r i c  s i t e s  
t h a t  may b e  a f f e c t e d  b y  the p r o j e c t .  I f  there were p r e v i o u s  
environmental documents prepared o n  t h e  l a b o r a t o r y  w h e r e i n  
c u l t u r � l  r e R O l l r � e  p r o t e c tion w a s  � d e q u a t e l y  t r e a t e d , such 
documents could be r e i t e r a t e d  in this d r a f t  s tatemen t .  If no 
such o t h e r  documents exis t .  we b e l i e v e  the f i n a l  environmental 
statement should indicate consu l t a t i o n  with the National 
R e g i s t e r  o f  H i s t o r ic Places and c o n t a c t  w i th t h e  S t a t e  Hi s t o r i c  
P r e s e r v a t i o n  O f f ic e r  a s  necess ary . 
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E f f e c t s  on Groundvater 
" 

We n o t e  on p a g e  4 - 2 0  o f  t h e  d r a f t  s tatement tha t the . "r a t e  o f  
groundwater movement u s e d  i n  evalllMt1ng impacts o f  leachable 
radionuclides vas about 15 em/day . We s u g g e s t  that a w o r s t 
case analysis s h o u l d  b e  provided in t h e  � i n a l  s t a tement u s i n g  
t h e  maximum published r a t e  � f  g r o u n d w a t e r  movement a b o u t  
1 . 3  f t /day o r  3 9 . 6  e m / d a y  (Warren. M .  A . •  d e  Laturia; W . o  and 
L u s c z y n s k l ,  N . J  . •  1 9 6 8 ,  Kydrology o f  B r o okhaven N a t i onal 
Laboratory and v i c iu l L Y , S u f f o l �  C o u n t y .  New Y o r k :  U� � �  
Geological Survey Bulletin 115 6 - C , p .  � � ) . 
Wp n ., t e  that on p a g o  1 4 o f  the .:! t" ll f L  S L il. l�UI�II L: .  <I. retUrD t o  
t h e  groundwater reservoir o f  a b o u t  80 p e r c e n t  o f.  t h e  w a t e r  u s e d  
is p r e d i c t e d .  Howev e r , on p a g e s  6 - 2  a n d  6 - 3 ,  i t  i s  in�icated 
that a return of ' about 65 percent: is exp e c t ed . T h� s e ' f i g u r e s  
should b e  reconciled in t h e  final s tatemen t .  

For accuracy i n  a p p r a i � n l  o f  the environment�I ' imp8cts from 
the propo�ed proj e c t ,  we sugges t t h a t  the l o c a t i o !! of I s a b e l l e  
should b e  shown o �  f i g u r e  3 . 3 - B .  the �ater-level c o n t � u r  m � p  i n  
the f i n a l  s tatemen t .  

E f f e c t s on' S u r f a c e  W a t e r  

On p a g ES  4-3 and 4-4 o f  t h e  d r a f t  s t atemen t .  i t  is 8 t a t e d  t h a t  
culvert t r a v e r s e s  o f  s t r eam.$ w i l l  h e  r:onRfrnr.:fpd to b e  capab le 
of accommodating exc e p t i o n a l  events such as five-year s torms . 
We b e l i e v e  that fi,ve-year s t o rms should n o t  b e  c o n s i d e r e d  
excep'tional eVen�S and ' may n o r  h o:>  ade'i u a t lill for conocrvlltive 
c u l v e r t  d�llign i f  u p 3 t r e 4ill �u,,�lu� 1 �  to hp �V��� � d . 

We hope 
t i o n  o f  

t h e s e  c o m�en t s  w i l l  
a final s t a t e m e n t .  

b e  useful t o  y o u  i n  t h e  p r e p � r a -
" �cer.el'1 ' 

�/#=--, 
Larry E. Meierottn 
SECRETARY 
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UNIT£D STATES 
NUCLEAR REGULATO�Y COMMtSStON 

W"'SHINOTON, O. C. 20555 

APR 2 1 1978 

. Mr. W. H. Pennington, Di rector 
Office of . NEPA Coordination 
Department of Energy 
Washington, O. C .  20545 
Dear Ik, Pennington : 

This i s  i n  response to your request for comments on the Draft 
Env1 ronmental Illipact Statement for the Proton-Proton Storage Accelerator 
Faci l i ty ( Isabe l l e ) .  

We have revi ewed the statement anIJ our comnents are attached. 

Thank you for providing us with the orportt.!�ity to review this Draft 
Envi ronlllt!lItal Impact Statement. 

'Enclosure: 
As stated 

Sincerely, 

�--._ rf'1 qtf1'c,� . 
Voss A. Moore , Assistant Directo� 

A-LJ 

for Envi ronmental Projects 
. 

Division of S i te Safety and 
Envi ronmental Analys i s  



Comments on DOE Draft Envi ronmental Impact Statement 

1 .  As discussed i n  Section 4 . 1 . 2  to maintain the natural surface 
drainage. culverts may be installed \"there the existing streams 
trilverse the ring. HLiwever, I'le note no discussion as to any 
modification of the shielrling r.h"'r�t:'tp.ri stics i ntroduced by 
these structures. 

2 .  On pag� 4- 1 1 ,  I t  i s  stated that the muon s h i e l d  \·j 1 1 1  hI" rlp"iaf1cct 
to l i mi t  exposures at a 600 In location to less than 5 mrem/yr. 
A more detailed discussion of the s h i e l d  design should be presented. 
We note, for exampl e ,  no estimate i s  given of the shield thickness .  

3. The predicted neutro� and muon flux, including their associated 
energy di s tri but; ons. should be !>resented both for the outs i de 
shield and s i te boundary envi ronmentS. The qua l i ty factors assi gned 
i n  the convers ion of absorbed dose to dose equivalent should also 
be presented. 

4.  The d·'2fi n i tion of the Rer.'1 o n  page 1 0  of the gl ossary i s  nut correct. 
See the mrem defi ni tion i n  the same gl ossary. 
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New York St�:� DepaF1m·::;)1 of Environmental Conscrv�tion 
50 Wolf �oad. Altlln1. �Ie ..... YOfk ln33 

April 13,  1978 
Peter A. A. Bedt'. 

Hr. W . H .  Penningron, Director 
Office of NEPA Coordination 
Hail Section E-201 
United States Departm�nt of Energy 
Washington, D . C .  20545 

Dear Mr. Pennington, 

CommiHiooer 

Re : DOF./EIS - 0003-u 

The StJlte of New York has completed i t s  revi.ew of the DepartUlent of 
Energy ' s  Draft Environmental Impac t  Sta tement for the proposed Proton-Proton 
S torage Accelera tor· (Isabelle) a t  Brookhaven Nationa) Labora tory, Upton, . H . Y .  

The doculfl8nt was found [0 b e  a n  adequate assessment of the impac t s  o f  
this proje c t .  W e  offer the foll��ina conments for your cons ideration . 

1. In Section 4 . 2 . 1 . 2 .  (Effeces on Water Use ) ,  the amount o f  water to 
be used fnr blowdown is estimated a t  1,640 kl/d, which is two 
thirds o f  the total cooling tower makeup requirements . Whereas 
blo�down volumes normally comprise a much smaller proportion o f  
tot.al makeup \�ater, fu�ther explanation o f  this figure i s  called 
for. A l ternate cooling tower designs should bo! considered to 
minimite the amount of blowdown water needed . Also, the names and 
amounts of chemicals to be used for shock treatments should be 
provided . 

2 .  Section 6 . 5  (Construction Materia l s )  lists the major I113 terials of 
which the faci l i ty Hill be built and discusse� the feasibili.ty of 
rc.cycling them ,�hcn the accelerator is decommiss ioned . This section 
should also address the estimated amounts of contaminated mater ials, 
their curie content and the isotopes involved . 

Thank you for the opportunity to revrc\·! this s ta t�mc.n t .  

Sincc:rely, 

. //.�---...... � -.. ' -
Tcr..:nCf! 1' .  Curran, Dlrector: 
Office o f  En\ironmencal AnalysiS 
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NA TIONAL SCIENCE FOUNDATION 

Hr. W. H. Pennington 
Director 
Office of NEPA Coordination 
Department of Energy 
WlISh1ng�<Jn. D . C .  20545 

WASHINt",.ON. D.C. luSSO 

April 21 , 1978 

I alO responding to your lertel: of February 13, 1978. forwarding 8 OEIS 
on the Proton-Proton Storage Accelerator Facility (Isabelle) , Brookhaven 
National Laboratory, Upton, New York, DOE/EIS-OOO)-D; that letter was 
addressed to Dr. Edward P .  Todd. 

The Nat ional, �cience Foundation has only one. l:UIIUlIent, conr.er.ning the 
d i sc.ussian of long-lived activity in the activated components on pages 
4-21 and 4-22. The physical volUIPe of �1Ir.." components lO.1y be as 
important as the total radiation involved . An estimate of the volume 
of suc.h wastes should be made and compared �ith avail�hle off-site 
disposal facilities to determine �hether any change in existing BNL 
procedures �ay be needed. 

The NSF has no further comment ",.,d offers no objection to the proposed 
. facility. 

Sincerely )VUt W ,  

( -J.�f,4'"J-��n icl Hunt 
Depu ty Assistant Director 

for Opt':r;H f nn!" 
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B - GLOSSARY OF TERMS 

,celerators - Accelerators are machines which accelerate 
to permit study of their interactions with matter. 
produce energy. 

either 
Unlike 

protons or electrons to high energies 
reactors, they use energy rather than 

ABC - U. S .  Atomic Energy Commission, dis90lved January 18, 1975, and succeeded by the Energy Research 
and Development Administration and tne Nuclear Regulatory Commission. 

AGS - This is the 33 GeV proton synchrotron that currently exiats at Brookhaven. The terms AGS stands 
for Alternating Gradient Synchrotron. 

Alpha Particle - The nucleua of a helium atom, carrying a positive charge. 

Antiparticle - The equations of quantum mechanics indicate that for each particle that' exists, there 
can exist another psrticle called the anti-particle. If a psrticle has a charge, then its anti
particle has the opposite charge. A particle and its antiparticle have the same mass, the same 
spin, the same mean life, and the same magnitude of magnetic moment (with opposite sign, how
ever ) .  When a particle and antiparticle interact, they may annihilate. 

Antiquark An antiparticle of the quark. 

Aquifer - A layer of sail or rock which has openings that may contain water and all�w the motion of 
water th�ough the layer. 

, " 

Available Energy - The energy of colliding 
that are produced in the collision. 
servation of momentum. 

parcicles 
It may be 

that 
less 

may be transformed Into· secondary particles 
than the total incident energy due to con-

A&W - The architectural/engineering firm (Ammann & Whit��y) responsible for the design and construction_ 
of the buildings· and utilities for ISABELLE': 

Backfill That earth. r�placed in an excavated trench. 
, 

Background Radiation - Radiation received naturally from cosmic rays from outer space, received as a 
result of weapons testing OJ: naturally received from the ground . Al.so �n.cludes radiation gained 
from medical x-rays .  Includes all sources of radiation a t  a given point o�her 

'
than the source 

in question. 

Barn - A barn is a unit of cross section. 1 Bar·n ., 10-24 
I Nanobarn a 10-33 

Baryon - Baryons are a class of particles, which includes the proton, neutron hyperons and cascade 
particle. All free baryons heavier than the proton eventually decay into end-products , one of 
which is the proton. 

Beam Dump - Energy absorption device for halting particle beam . 

Beam Energy - Energies of particle beams are measured in units called "electron volts" (eV) . Thus, if 
a proton passes through a potential field of 500 volts, it will acquire an energy of 500 elec
tron volts (500 eV) . The AGS is capable of better than 30 billion electron volts (33 BeV in old 
unita. Now called GeV) ; the ISABELLE machine design calls for a peak of 800 GeV in the center 
of mass energy . 

Beam Intensity - A measure of the number of particles in a beam per unit time. A very large number of 
particlea must be incident on a target in order that enough events occur to be statist ically 
8igi\ificant. A beam of hiah intensity must b� �v�1 1 Ilh.te if an experiment is to be accomplished 
in a reaaonable length of time. The AGS provides about 1013 protons/sec. 

Beta Particle - An electron. 

BNL - Acronym for Brookhaven National Laboratory. This is a research laboratory located on Long 
Island in the State of New York. It is operated for DOE by Associated Universities, Inc. 

uoson - All elementary particles are placed into two classes: fermions and bosons. Two bosons, as 
distinguished from two fermions, can occupy the same state at the same time. 



Bunches - In this statement, refers to bunches of electrons or positrons in a storage ring bead . 

CERN - European Center for Nuclear Research, Geneva, Switzerland. It is a large accelerator center. 

-c.m. - Center-of-mass; refers to center-of-mass energy available when a beam strikes. a target, or when 
two beams collide. 

Collimator - Beam tranaport system device used to trim or define the beam and to protecr magnets -and 
other equipment from physical damage by the beam. 

Cosmic Rays - Many nebulae act aa particle accelerators and, as a result, the earth is constantly being 
bombarded by very energetic protons originating in these nebulae. They produce a great abundance 
of pi-mesons and other particles in the earth ' s  surface in the form of mu-mesons, gamma-ray s .  
electrons, etc. The cosmic ray flux at the earth ' s  surface is approximately one particle per cm2 

per minute. 

Cosmotron - The first high energy accelerator at BNL; decommissioned in 2967� 
and former experimental areas are used by the present ISABELLE staff for 
It will be the assembly area for the ISABELLE superconducting magnets. 

The accelerator building 
development purposes. 

' Cross Section - In addition to use in conventional sense, i . e _ , the cross section of a tunnel. The 
term refers to the measure of the probability for a certa:!n react.ion to occur. ;.CrOE& Dection. 
a, i s  expressed in units of 10-24 8�uate centimeters. This �s called � barn. 

• 

Cryogenic - ReQuiring lower temperatures th�n occur natura�lY on earth fnr �At1 �f�;tnTy nrQT�t1on. 
Systems involving liquid nitrogen or liquid helium are examples of cryogenic systems. 

Cut-and-Cover - A civLl engineering tunnel construction technique. The tunnel is excavated from the 
surface and then covered with backfill as opposed to borin�. 

dB - Decibel, a measure of the intensity level of a sound wave. Because of the large range of inten
sities over which the ear 1s sensitive, a logarithmic rather than an arithmetic scale is more 
convenient. Originally a scale of intensity levels in be Is was used b.ut proved to be rather 
large. hence the decibel. 1/10 bel. The unit o f  measure is named �n honor of Alexander Grahm 
Bell. 

DOE - Department of �nergy ; successor Federal Agency to the Energy Research and Development Administra
tion. 

Electron - The lightest particle with non-zero rest Class occurring in nature is called an elect·ron. [t 
has a negative electrical charRe of 1 unit. The e l p.f".trnn 1 "  " fermion which undergoco only weak. 
electrollla

.
gnetic. and gravitational interactions. 

Electron Volt - The kinetic energy picked up by an electron while passing through a potential dlf� 
ference of one volt 1s called one electron volt. The electron volt is thus a unit of energy . 
equal to 1 . 6  x 10-19 J. 

-Elementary Particle - A particle which cannot be described as a composite of two or.· more other par
ticles is called an elementary particle. Tn the 1930 ' �  eha ultimate conotltuents of the atom 
appeared to be the electron, proton, and neutron. Since then, research has discovered an ever
increasing number of particles, or resonant states, wh05c role in nature is not ylH .:.l.e<lr. By 
the mid-1950's.  there were 50 many particles that the concept of "elementary" had to be ques
tioned. Recent theories suggest that all particles are compo�pt1 t.(I various cOlllhin.lltion& of 
truly elementary constituents called "quarks" (see Quarks) .  

ERDA - Energy Research and Development Administration; successor federal agency to AEC. 

�illing Time - Time required to fill a storage Ting with beams of proton bunches. Fill�ng time could 
vary from f.lve minutes to one hour followed by many hours of experimental time using the stored 
beams. 

FNAL - The DOE laboratory located in Illinois that is the site of a 400 GeV proton synchrotTon. 

Fission - The breakup of a heavy nucleus into two or more lighter parts. 

Fossil Fuel Coal, oil, and natural gas; opposed to fuel power sources such as geothermal. hydroelec
tric, solar. and nuclear. 
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Fusion - The mass of two deuterons for example, is �ore than the �ass of an alpha particle. Hence, if 
the two deuterons could be made to fuse, energy would be released in a process called fusion. 
The difficulty lies in overcoming sufficiently the electrostatic repulSion between the two deu
terons in order to get the� close enough together for the strong inte.ractions to take hold. 

Gamma Ray - Radiation similar to x-rays but of shorter wave length, emitted during some nuclear trans
formations. 

GeV - Giga electron volt; represents one billion electron volts. This abbreviation replaces BeV, 
formerly used. 

Gneiss - .A laminated or foliated metamordic rock. 

Hadrons - Includes more than 100 particles, or resonant states, in the baryon and meson families of 
particles. They all respond to, or are acted upon by, the strong nuclear force in nature. 

Half-life - For unstable atoms or particles the half-life is the time required for 50% of a large num
ber of them to transform to product atoms or particles. 

Helium - The gas when circulated by a refrigerator is used to cool the super conducting magnets. 

HEPAP - High Energy Physics Advisory Panel. The HEPAP is a group of eminent physicists throughout the 
United States who are empaneled to advise DOE on broad aspects and direction of high energy phy
sics research in the United .States. A special Subpanel on New Facilities, chaired by Professor 
J. Sandweiss of Yale, met in June 1977, and deliberated on specific recommendations and general 
comments in regard to the requirements of particle physics for new facilities. 

REP - Acronyn for high energy physics in the field of research and studies of the elementary particles 
and the forces between them. 

HFBR or High Flux Beam Reactor - A fission reactor at Brookhaven National Laboratory used to provide 
beams with large numbers of low energy neutrons for use in a number of experimental programs. 

Interaction Regions - Symmetrically located straight sections on the circumference of the ISABELLE ring 
whe.re beam c.ollisions wi] ,1 he permitted and experimental data taken. 

Interactions - There are four primary types of interactions in nature. They are: 

1 .  Strong interactions. Responaible for the force which holds the atomic nucleus together. 
These_ forces are characterized by their short range (:t:lO-13cm) and their great strength. 
They are the pr�ry force in most reactions involving nucleons, pi-mesons, K-mesons. and 
hyperons. Leptons are not affected by the strong interactions. 

2 .  Electromagnetic interactions. These are the interactions o f  charged particles with electro
magnetic. fields. All reactions involving photons or gamma-rays are of this class. 

3 .  Weak interactions. The class of interactions responsible for beta-decay, pi-meson decay, 
mu-meson decay, k-meson decay. and the decays of the lambda, sig�a and psi particles. These 
interactions are many orders of magnitude weaket than either the strong or the electromagqe
tic interactions. 

4. Gravitational interactions. The �Ieakest ,  by far. Responsible for an apple falling to the 
ground . 

Isotope - Nuclei which have the same number of protons but different numbers of neutrons are called 
.isotopes. 

ISABELLE - The proposed proton-proton storage ring to be built at Brookhaven National Laboratory. It 
will have a peak center of mass energy of 800 GeV. 

15R - Intersecting Storage Rings, CERN. This is the only existing proton-proton storage ring in opera
tion. It has a peak center of mass energy of 60 GeV. 

J� Particle - A fundamental particle discovered Simultaneously at BNL and SLAC. 

Lepton - This 1s a generic name for a class of 
cluded among the leptons are e+, e-. �+. 

light particles which have no sttong interactions. 
� • 1,1, 1,1 .  
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LCW - Low conductivity water; used for cooling accelerator snd experimental apparatus; consists o� do
mestic water which has been distilled to remove or reduce mineral content such that the water re
sists electricity f low. 

LILCD - The Long Island utility that supplies electrical power to BNt. 

Linac - Acronym for linear accelerator. 

Luminosity - The measure of the rate at which the beam particles collide. in a storage ring. ISABELLE 
design calls for 3 x 1033 per square centimeter per second. 

Moraine - An accumulation of earth, stones, etc . ,  deposited by a giacier. 

m - meter. 
1 . 0 9  
tern, 
were 

Abbreviation for meters, a unit of length in the metric system equivalent to 3 . 28 feet or 
yards. In conjunction with the eventual conversion by .the United States to the metric sys
and to be compatible with the worldwide scientific community, design criteria for ISABELLE 
developed using metric measures. 

Mesons - Particles with mass greater than the electron mass and less than the mass of a nucleon (proton 
or neutron) are called mesons. 

MeV - MeV is a unit of energy equal to one million electron volts. 

�Ci/ml - Microcurie per milliliter; a unit of measure of radiation. 
1 curie = the quantity of any radioactive atom of a specific nuclear constitution in which the 
number of disintegrations per second is 3 . 7  x 1010 (1 �Ci = 3 . 7  x 104/sec . )  

mrern - milli-rem ( 0 . 001 rem, see definition for Rem) 

Mu-meson - The mu-meson (sometimes called " muon" ) ,  is a particle with mass " 207 electron masses and a 
charge of either plus or minus one electron charge. 'l'he mu-meson is a decay product 0·£ the pi
meson, and the mu-meson itself decays into an electron and two neutrinos with a mean life of 
2 . 2  x 10-6 seconds (i. e . ,  two microseconds . ) .  The mu-meson interacts only weakly With' other par
ticles, and in all properties except its mass and its decay resembles an electron. 

MW - Megawatt; one million watts of electricity or 1340 horsepower. A measure of electrical power. 

Neutrino - A neutral particle that is required to keep the energy, momentum, and other properties of 
the particles emitted in radioactive decay equal to those of the original atom or particle. It 
is considered to have (rest) mass equal to zero. 

Neutron - The neutron is an electrically neutral particle with mass equal to 1838 electron masses. 
Neutrons are stahle when bound in nuclei, but a free neutron decays 1nto a pr,oto:n. and, electron, 
and a neutrino with a half-life of twelve minutes. 

Nucleon - "Nucleon" is the common name given to either a proton or a neutron, the constituents of 
nuclei. 

OSHA - An act of Congress: Occupational Safety and Health Act. 

Peneplain - A land surface worn down by erosion nearly to a plain. 

Photon - When the electromagnetic field is represented in quantum-mechanical terms, by particles, they 
are called photons. Light, x-rays, and a-rays are examples of photons. Photons have char�e and 
mass equal to zero, like neutrinos, but other properties are differen t .  

Positron - A particle identical to an electron, but with positive charge. The positron is the anti
particle of the electron. 

Proton - A proton, the nucleus of the lightest and mast abundant hydrogen isotope, is a positively 
charged stable particle of mass - 1836 electron masses. 

Quantum Mechanics - In order to calculate the properties and behavior of a system of microscopic par
ticles, such as sn atom, the theory of quantum mechanics was developed by Schrodinger and 
Heisenberg. The theory differs from classical mechanics in that it refers only to the probabil
ity of a certain state or the average "expectation" value of a certain measurement, and in that 
it predicts that energy and angular momentum are always multiples of discrete "quanta . "  
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Quark - Many of the properties of strongly interacting particles, the hadrons , seem understandable, if 
�one thinks of these particles as though they were made up of either 3 quarks (for the baryon fam-' 

ily) or a a quark-antiquark pair (for the meson family) .  Whether or not quarks exist is an open 
question. None as yet have been discovered. If the quark theory can be proved, it would greatly 
simplify the classification of elementary particles . 

adioactive - Giving off radiant energy in the form of particles or rays by the disintegration of 
atomic nuclei. Such radiant energy is called radiation and, if exposed to sufficient quantities, 
is harmful to plant and animal life. 

Rem - A special unit used for expreSSing ionizing radiation dose which includes both physical and bio
logical factors. This unit allows the direct comparison of biological dose from all forms of 
ionizing radiation such as x-rays, gamma , beta. protons, and neutrons. 

Resonance - Can be used interchangeable with "particle" or "excited state." The identification of the 
constitUl;ents of matter on the subatomic level is indistinguishable from the detenni·nation .of 
forms of energy." The distinc.tion between matter and energy vanishes. 

rf - Radiofrequency. In order to impart energy to eler.trons in accelerators or storage rings, it is 
necessary to feed them with high frequency microwave power. Low frequency electric power from 
the local utility company at a steady flow is transformed into short rapid bursts of extremely 
high power and high frequency . 

Roentgen - A unit of measure of ionizing electro magnetic radiation (x or gamma) . One rOentgen corre
sponds to the release by ionizionation of 83 . 8  ergs of energy per gram of air. 

SLhC - Acronym for Stanford Linear Accelerator Center; a 20 GeV elec.tron linear accelerator and labora
tory sponsored by ERDA and located at Stanford University. 

Strangeness - After the discovery of the various hyper sons and k-mesons, it was found that the details 
of the production and decay of these particles could not be understood within the context of ex
isting theories. For this reason, they were called "strange particles . "  The work was formalized 
by GeII-Hann, when he suggested assigning a "strangeness" quantum number of +1, 0, -I, or -2 to 
all pa"rticles. It is then possible to account for all observations by assuming that the total 
strangeness of a system is conserved in a strong interaction, such as the production of strange 
particles, but not conserved in weak interactiul\S such as their decay. 

Storage Ring - An eKperimental device used by physicists to store subatomic particle beams for the pur
pose of studying the results of particle collisions. The beams are contained in evacuated tubes 
which form a ring an"d steered by magnet s .  The ring is filled b y  use o f  a n  injecting accelerator 
and beams can be stored for several hours. Colliding-beam storage rings prOvide an ideal solu
tion to obtaining high center-of-mass energies with moderate beam energies because with two beams 
of equal energy colliding head-on, the result is that the sum of the energies carried by both of 
the be�ms is available for interaction. 

Superconductivity - That property exhib ited by certain metals and alloys which when cooled to suffi
c.iently low temperatures (%4°K) exhibit zero resistance to the flow of electric curren t .  

W meson - When the weak 
called W mesons. 
perimentally. 

interaction is represented, 
They are expected to have a 
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in quantum-mechanical terms , by particles, they are 
very large mass, and have not yet been observed ex-



LENGTH 

AREA 

VOLUME 

WEIGHT 

pico 
nano 
micro 
milli 
centi 
dec! 
kilo 
mega 
giga 
tera 

1 centimeter (em) 
1 meter (m) 
1 kilometer (km) 

C - METRIC PREFIXES & CONVERSIONS 

0.39 inches (in. ) 
.. 3.28 feet ( f t . )  
- 0.62 miles (mi.)  

1 square meter 
1 hectare (ha) 

<ml) .. 1 0 . 76 square feet. (ft. 2) 
- 2 . 47 acres 

1 liter (1.) 
1 kiloliter (kl.� 
1 cubic meter (m ) 

1 kilogram (kg) 
1 metric ton (H . T . )  

- 0 . 2 6  gallons (gal . )  
. 2 64. gallons (gaL ) 

1.31 cubic yards 

- 2 . 2  pounds (lb s . )  
� 1 . 1 0  tons 
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" 
m 
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D - SYMBOLS AND ABBREVIATIONS 

A ampere gpm 
\h ampere-hour ha 
". atmosphere pressure h' 
ReV, GeV billion electron volts in 
·C degrees Centrigrade K 
C1 curie kg 
,. centimeter '" 
,m' square centimeter km 
cttC2 per square centimeter kV 
,m' " cubic centimeter kVA • 

'" cubic kW 
d day kWh 
dB decibel 1 
dBA decibel (A scale) lat 
diam diameter lb 
dkl dekaliter m 
D 0 dissolved oxygen .' 
E east m' 
" "lectron volt mCi 
ft foot HeV 
ft' square foot mg 
ft' cubic foot .gd 
g gram min 
gal gal ml 
GeV, BeV billion electron volts -1 
mm millimeter .. , 
HT metric ton , 
MY million-volts .. , 
MYA million volt-amperes '. 
MW megawatts 
N north ,Ci 
nCi nanoc.urie V 
no number v, 
pCi picocurie W 
ppm parts per million W 
R roentgen WSW 
S south y' 
.. , sec;:ond 

0-1 

, ' 

gallons per minute 
hectares 
hour 
inch 
degrees Kelvin 
k1l0g!"aIO 
kiloliter 
kilometer 
kilovolt 
kilovolt-ampere 
kilowatt 
kilowatt-hour 
liter 
latitude 
pound 
meter 
squa.re meter 
cubic meter 
millicure 
million electron volts 
milligram 
million gallons per day 
minute 
milliUtf'.[ 

,per second 

second squared 
square 

microcurie 
volt 
versus 
watt 
west 
west-;;outhwest 
year 
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