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DEPARTMENT QF ENERGY
FISCAL YEAR 1987 CONGRESSIONAL BUDGET REQUEST
SUMMARY OF ESTIMATES BY APPROPRIATIONS

{in thousands of dollars)

FY %85 FY 1986 FY 1087
Actual Estimate Reguest
BA Ha B
Apprapriations Before The Energy '
and Water Development Subcemmittees:

Enerqy Supply Research and

Developmant .ceucvveesiesanss VeI 1,967,490 1,696,298 1,254,162
Uranfum EArichment ..ccceceivnnenas 237,956 190, 512 ---
General Sclence and Research ...... 724 ,BBO 655,928 773,400
Atomic Energy Defense Activities .. 7,322,321 7,231,664 8,230,000
Departwmental Administration ....... 128,602 150,319 151,082
Alaska Power Administration ,...... 3,233 3,245 2,881
Bonneville Power Adeinfstration ... 284,771 330,000 276,100
Southeastern Power Administration . 35,744 ——- 19,647
Southwestern Power Administration . 31,208 29,191 25,337
Western Area Power Administration . 218,230 195,910 240,308
Western frea Power Emergency Fund . -—- = me= -
Federal Energy Requlatory

COMMICETON oy anabnunsssnsane i 84,543 41,989 20,328
Nuclear KWaste Fund ...v.vvncrnnnnas 327,669 499,037 769,349
Geothermal Resources Development

FLIM ------------------- eravsuidbRriris 121 Eg ?2
Subtotal, Appropriations Before the

Energy and Water Development
Subcamaittees ..cavesasessanssna $11,336,748 $11,024,162 $11,762,664
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DEPARTHMENT OF ENERGY

FISCAL YEAR 1987 CONGRESS!ONAL BUDGET REQUEST

SUMMARY OF ESTIMATES BY APPROPRIATIONS

{in thousands of dollars)

Appropriations Before I[nterior
and Related Agencies Subcommittees:

Alternative Fuels Production .......
Clean Coal Technology eeeesvensisnse

Fossil Energy Research and
Deve‘lopmnt (LB AN RN E NN ENNE I NERNN AR ENNEJ

Naval Petroleum and 011 Shale
RESArVES Jusveesssasscsiisassbosssns

Energy Censervation ............. A
Energy Regulation ...iseussssnncnses
Emergency Preparedn®ss ....eicscvnse
Strategic Petroleum Reserye ........
Emergy Infarmation Activities ......

Subtotal, Interior and Related
Agencies SUBCOMMItLEES seservesaas

Subtotal, Energy and Water
Development Subcomzittees ........

Subtotal, Departmant af Energy .....

Permanant - Indefinite Appropriations:

Payments to Stotes .....cicercnncncs

Total, Department of Enerqy ........

FY 1985 FY 1986 FY 1987
Actual Estimate Request
BA o

§ 1,169,895 1 m—— 1 .
299,043 311,954 B2,767
156,874 13,002 127,108
457,436 427,512 39,433
27,139 23,423 21,6850
6,045 5,750 6,044
2,049,550 107,533 -—
60,919 57,724 59,651
4,216,906 946,898 336,852
11,336,748 11,024,162 11,762,664
15,553,654 11,971,060 12,099,517
1,052 570 570
315,554,706 $11,971,630 £12,100,087




DEpARTMENT OF ENERGY
FY 1987 ConGRESSIONAL STAFFING ReQuesT
ToraL Work FORCE

FY1985 FY1986 FY1987 FY1987
FTE CONGR =-FY8& CONGR

USRGE REG REQ

ENERCY & WATER SUBCOMMITTEE

HEADQUARRTERS 4,863 4,943 ~1iB 4747

F1lELD 9,133 7. 185 111 $.2%6
SUBCOMMITTEE TOTAL 13,998 14,150 ?3 14,243
INTERIOR SUBCOMMITTEE

HEADQUARTERS 1,333 1,304 =166 1,138

FIELD 907 8%6 -225 &70
SUBCOMMITTEE TOTAL 2,260 2.200 =392 i.808
ORAND TOTAL 16:.238 16,350 =299 16.031
ABJUSTNENT -132 -193 -330
ADJUSTED TOTAL 16.259 14,218 =497 18,721



DePARTMENT Of ENERGY
FY 1987 ConGRESS1ONAL STAFFING REQuUEST
TotAL Work FORCE

FY1989 FY1%86 FY1947 FY1987
FTE COHOR  -FVee COMGR

USAGE REQ REQ
10 ENERGY SUPPLY RESEARCH AWD DEV "”%? 934 -3¢ 900
HEADQUARTERS a1l 220 -28 792
FIELD 124 114 -4 108
15:URANIUM EWRICHMENT &9 (1) 1 47
HEADQUARTERS L 53 1 8%
FIELD 11 11 ] 11
20:0ENERAL SCIENCE AND RESEARCM 37 39 ] 39
HEADQUARTERS ¥ 8 37 39 0 39
25:ATONIC EXERGY DEFENSE RCTIVITE 2,618 2,782 131 2,833
HEADQUARYERS (13 318 9 527
FIELD 2.122 2,184 122 2,306
YO 1DEPARTHEMTAL ADMINISTRATION 3,302 3.332 -5 3,327
HEADQUARTERS 1.721 1.72¢ 9 1,728
FIELD 1.986 1,604 -5 1,601
JA:ALASKA PONER ADMINISTRATION 3?7 58 0 38
FIELD 3? 38 a 38
16:BORNEVILLE POWER ADMIN 3,518 3,480 2 35.480
FIELD 3,519 3,480 ] 3,420
38 :SOUTHEASTERN POWER ADMIN 13 (1] [} 1]
FI1ELD ja 40 [ ] 40
C21SO0UTHNESTERN FOWER ADMIM 184 144 [} 186
~ F1ELD 188 136 [ ] 136
4§61 MESTERYN AREA POLIER ADMIN 1.181 1,140 ] 1,140
FIELD 1.181 1,160 [ ] 1.160
SO:NAPA ~ COLORADO RIVER BASIN 21¢ 219 ] 219
FIELD ] 219 219 0 219
S2:FEDERAL EMERGY REGULATORY COMm 1.617 1.4659 0 1,639
HEADQUARTERS 1,417 1,659 0 1.6%9
54 :NUCLEAR WASTE FUND 23a 292 0 292
HEADQUARTERS 123 147 0 147
FIELD 115 145 [ 145
S4:GEOTHERMAL RESOURCES DEV FUND 2 1 [ 1
HEADQGUARTERS 2 1 [ 1
“$5:FOS31L EXEROY RESEARCH AND DEV 714 700 -161 539
HEADQUARTERS 151 138 =24 1u9
FIELD 5§63 568 =135 430
YorHAVAL PETROL & OIL SHALE RES 104 104 -9 95
HEADQUARTERS 23 23 [} 23
FIELD 8l 81 -9 2
15: ENERGY CONSERYATION 333 352 -134 218
HEADQUARTERS 208 227 -79 148
FIELD 123 125 -84
BO 1 EMERGENCY PREPAREDHESS 7& 71 D 71
NEADQUARTERS 74 71 1] 71
81:{ECONOMIC REGULATION 77 3440 -%59 2%0
MEADQUARTERS 377 e 59 2%
0% Sl!ATEGlC PETROLEUM RESERVE 178 1%2 =32 120
HEADQUARTERS 40 27 -9 22
FIELD 13A 12% =27 98
S8 :EMERQY IMFOQRMATION ACTIVITIES 430 4381 -4 48
HEADQUARTERS 480 S81 -4 <75
94 :AOVANCES FOR CO-OP WDRK 2 2 ] 2
FIELD 2 2 0 2
GRAMD TOTAL 16.258 16.350 -299 14,051
ADJUSTHENT =132 -198 =339
ADJUSTED TOTAL 16,258 le¢.210 -497 15,721
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DEPARTMENT Of ENERGY

FY 1987 tﬁﬁ:ﬁt!!TEHﬁ;E%ﬂﬁEET REGUEST
iR R

EAD TRE
HIGH ENERGY PHYSICS

GENERAL SCIEMLE AND HESEARCH
(Tabular dollars in thousands. HNarrative material in whale dollars.)
FY 1985 FY 1986 FY 1987 FYy 1987 Request
Appropriation Appropriation Base Reguest vs Base
High Energy Phystcs
ngaics:gesgarch 106,300 $106 ,268 £106,268  $118,600 §+12,332
Operating Expenses.. " ¥ 2 .
S!ibtotl?]--.-.-.'q»-uu 4 " 1 E‘E B 'L s +* +
Facility Operations
Operasting Expenses.. 172,715 175,095 175,085 213,400 438,305
Capital Equipment... 58,700 69,984 9,984 77,500 + 7,516
ConstructimNe.eoun.. 114,000 B5 049 55,044 41,700 -13,349
Sl[btota]----.-o-.-- b ] - m ‘mﬁﬁ EI 4 *
H;gh Sty % 88,462 Aa 462 05,500 7,038
perating Expenses.. +200 . ; +
SObEOLET . . g sgusina G0, 200 B0, 062 "'Eﬁfl%ﬁ "nggﬂﬁ + 7,038
Total
Operating Expenses..  369,2154¢ 369,825 369,825 427,508 +57,675
Capital Equipment... 58,700 69,984 £%,984 77,50K + 7,516
coﬂs.tl"uGt’:IQﬂ.n!gyu- lla,ﬂﬂu 55 ,D‘g SS .0‘49 4F u?M ‘131349
Total High Energy
PMYSiCS cnnonnas eeenn.  $541,0158/D/C 8404 pspc/d/e/T/cagq g5 $548,700 $+51 842

Staffing

FTP/Total FTES....... (Reference General Scienca Program Direction Decision Lnit}

futhorization: Section 209, P.L. 95-91

FY 1885 total does not {nclude $3,720,000 transferred to the SRIR program.
Fy 1985 total reflects a reductfon of $2,165,000 for ADP general reduction.
Totals reflect a reduction of $4.000,88C in FY 1985, $7,540.000 in FY }986 and
$8,000,000 in FY 1987 for management initiative savings.

e

zla lelde

i~
N

FY 1985 tota) includes $5,800,008*transfer of appropriation.

FY 1986 total reduced by 322,042,000 in accordance with P.L, 99-177, the Balanced
Budget and Emergency Deficit Control Act of 1985 {Graumfkudmanfﬂatlin?s}_
$200,000 has bean transferred to Assistant Secretary fer €nvironmental Safety and
Health.
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DEPARTMENT OF EMNERGY
1987 CONGRESSIUNAL BUDGET REQUEST

1
HIGH ENERGY PHYSICS
{1n thousands of dollars)
1986 APPI"IZIPI'1B£1OI"I ﬁﬂattEdqo.u ----- A EE R ERA N ERREERNERERE ERE EEEN LR AN sﬁgggigg
1986 GFamm-Rlxﬂmaﬂ f!dbﬁtfﬁﬂ........... ressdEdFesEes AT m tmaman *a® = ¥ 4
1985 ddjusteﬁ-'--vrl‘ql!llml.---I’lriiii+!4!!l!=-lllulnll--iiiei60|¢ !igqggsg

o Funding required to maintain constant level of program
acti\"ltj'n-!a.--‘- ------ B S E A MRS PR B S s Eite b i a5 SR R B 3 295692

0 &lhstﬂnt‘ﬂl 1ﬁcmﬁ5’ 1'1 fac.i]ity Dperﬂtions fﬂﬂding.u....“u. + Z?.??U
- First operatian of two new werld-class HEP facilities
== Tevatrag collider - world's highest energy gproton-
antiproton collider
== S5LC - world's highest enargy electren-positron
collider
- Reduced operation of other HEP accelwrator capabilities
- Average facility ut$lf{zation near the S0% ldvel

o Physies research at 3 level consistent with the nperating

Tevel of faciliti€Sssnenavecnes B e A el S B BT S e £ S AR cevee 5,980
o Continvation ef advanced technology R2R for accelerators and

detecturs‘tlbl!l!!!g!!alg; -------- (RN ENNERYENENERNENNERERENENELNN] * 1:?3u
o Capital equipment, with special emphasis on needs at Fermilah

for Tevatron 1 detectors and at SLAC for SLC detector...cececee ¢ 3,320
o Constructfod at reduced leval of effort....cececereesssavnveonns - 16,650

- Continvation of Fermilab Central Computing Upgrade (+1},080)

- Continuation of camstruction omn AGS Accumulator/Booster (+1,470)

- AIP & 6PP at adbout canstant level of effort (+1,500)

= Reduced requirements for comstruction of Tevatron I and SLC in
EY 1986 (-30,620)

1487 budget request R RN L R e N T Y R T PR T X 55'15.?@0



High Energy Physics

The High Erergy Physics program supports basic research which seeks to discover the
fundamental constiteents of matter and to understand the laws of nature that govern
the behavior of matter and energy, Past digcoveries and neéw understanding resulting
feom these activities have helped lay the foundation for much of the highly
technological world in which we liva.

The Department of Enerqy provides aver 90% of the Federal support Tor this most basic
scientiftc endeavor, &nd serves as Executive Agent for the national program. The
Department has responsibility for plarning for the nationat program, with the goals
of achieving 3 forefront and productive program and maintaining a competitive world
Teadership position for the Unfted States.

During this century, the forefront of sclentific 1nvestigation has advanced to
studies of ever more fundamental constitvents of matter, from research on molecules
to resezrch on atoms, atomic nuclei, the constituents of nuclel {protens and
neutrons), and recently on even more elemental objects called quarks and leptons,
The framework for understanding 311 natural phenomena has rested om the belief that
they ¢an be described In terms of four Fundamental forces and a4 small set of basic
constituents of zll matter. The "electromagretic” force describes how atems are
formed from nuclei and electrons and how molecules are formed from atoms, and i5 the
cornerstene to understanding the periodfc table of elaments, chemistry, electronic
conmunication and biological processes. The "weak mxlear" Force describes processes
such as the radiocactive decay of unstable nuclei and the interactions of neutrinas.
The "strong nuclear" force describes how the sun and stars produce so such energy
and, together with the weak muclear force, explains the relative abundancas of the
chemical elements. The “gravitational" force describes falling ebjects, orbiting
celestial bodies, the formatton of black holes, and the Targe scale features of the
universe such as the clustering of galaxies.

One facet of the recent great progress tn science has been the conceptual unification
of the weak nuclear and electromagnetic forces into a single force -- the electroweak
force. Recent conclusive experiments]l evidence for the existence of the W and 2
particles, the carriers of the weak force, tsgether with the earliar discoveries of
weak reutral currents and of particles with beayy quark constituents, confirm mdjor
pradictions of this conceptual unification. The electromagnetic and weak nuclear
forces can now be viewed in a natural way as different aspects of a single
electroweak force, The 1979 Nobel Prize in Physics was awgrded to three thaoretical
bigh energy physiciste {including S. Glashow and 5. Neinberg fram the ILS.) for their
wark toward this uwnification. The experimenit at CERN 1m which the W and Z particles
were discovered, and far which (. Rubbia and S. Van der Meer recefved the 1984 Wobel
Prize in Physics, included DOE-supported 4,5, participants, Recent axperimental
evidence contains tantal$zing hints that may signal a breakthrough to new physics
bayend the electroweak unification, and could shed 1ight on the mechanism responsible
for the unification.

Thare is now a theory of the strong nuclear Force, called guantum-chromedynamics,
which i5 based on the same principles as the electroweak theory. As a resultt there
is strong anticipation that the uatfication of the strong nuclear and electraweak
forces iato ome “grand unified” force is possible, reducing the number of basic types
of force in nature to two. The picture of nature shich 15 presented in terms of the
uniried electroweak Force, quantum chromadynamics, and the quark and lepton
constituents 1s called the Standard Mogdel.



The enorgous energy scale at which grand unification fs anticipated to occur ¢an be
derfved from basic theorerical techniques for whose development the 1982 Nobe! Prize
in Physics was awarded to K, Wilson, a U.S. theoretical physicist. The ideas
involved in grand unification can be use¢ to give posstble explanations for the
observed excess of matter relative to antimatter in our untverse, Other
possidilities arising from grand wmification models are that protoas, which were
previously thought to be absolutely stable, may eventually decay; that neutrinos,
which were previausly thought to be massless, may in fact have a mass; and that
fsolated magnetic poles of enormous ®ass {perhaps a billion times that of a protoen)
may exist. The 1980 Nobel Prize in Physics was awarded to two U.S. high energy
physicists, J. Crontn and Y. Fitch, for experimental research which indicated that
cerdaim elemental processes are not exactly reversible. This lack of exact
reversibil1fty, together with the mechanism involved in proton decay, may be combined
to explain the observed excess of matter relative to antimatter in the universe.
Spgcial emphasis in the high energy physics experimental program is focused on
testing various predictions of the grand unified theories. Any verification of these
predictions by the experiments currently in progress would be a truly major
sclentific breakthrough.

These new concepts also have profound implications for Astrophysics, where they help
provride an understanding of how the universe evalved fram the postulated primordial
big bang to its present state, and whether the universe will expand forever or
perhaps contract agafin in the dfstant future to amother fireball. Interesting
scenarfos of the early esxpansion of the universe are being formulated which outline
possible explanattons to account for the matter, energy and disorder in the universe.
Recent discoveries and planmned investigations in high eneragy phystcs provide crucial
experimental input to these develamments.

The vitimate geal of this type of research is to {ncorporate the gravitational force
_into the framework of uaification, thereby beinging all of the basic forces into a
single unified framework. Exactly what new insight will fellow from the various
stages of unffication camnot be predicted im any detail. However, one ¢an certainly
anticipate profound changes in the way we think about matter and eaerqy and the
physical universe, and this in turn will result in many changes and benefits
analogous to those which followed the unification of electricity and magnetism by
Maxwell late in the 19th century and the unification of matter and energy by Einstein
early in thts century,

Progress in high energy physics research 3¢ based on a complex and continuing
interplay of advances in experiment, theory and technelegy. Each of these areas fs
strongly dependant for its progress on the advancement of the other two. High anergy
physics expertments kxpand the horizons of theoretical and technical knowledge, and
the range of possible experiments ig determined by tachnological as well as
conceptual capabilities and 11mitations. Physicists freguently have ta invent new
and unique apparatus and nevel techniques in order to carry out the experiments of
greatest interest, thereby contributing directly to the advanced technological
resources of the country.

To probe into the depths of matter -- into the domain of quarks, gluons, and other
new particles —- tt {s most effective to use intemnse beams aof very energetic
particles, which are only available from high energy particle accelerators. By
studying the resvlts of the violent collisians of these accelerated particles with
other particles, in a dense fixed target or in amother beam of high energy particles,
information s acquired about the constituents of the particlesd about the forces
which act within ana between them, and about the transfermations which occur between
matter and energy.

<3



The high energy particie accslerator and colliding beam facilities to be operated by
the Department in FY 1987 include: the Tevatron collider at the Fermi National
Accelerator bamoratory (Fermilak} providing 900 Ge¥ on 900 GeV proton-antiproton
collisions; the SLC collider at the Stanford Linedr Accelerator Center {SLAC)
providing 50 GeY on 50 6eV electron positron collisfons; the Tevatron superconducting
magnet proton synchrotron at fermilab providing preion beams of about 800 Gev and
Aunerovs secondary beams for fixed target experiments; the 50 GeV linear electron
accelerator at SLAC providfng injected beams for the PEP storage rfng (15 GeV on 15
fe¥) and for the SPEAR sterage ring {4 GeV on 4 GeV), in addition to the SLC
mentioned above; and the 10 GeV proton synchrotrom, the Alternating Gradient
Synchrotron (AGS), at Brookhaven Nationa) lLaboratory (BNL), Each of these DOE
accelerator centers provides a unique set of experimental research capadilfties,
camplementary to the others. Ae an ensemble they provide the foundation for a
copprehensive forefront national program in high erergy physics research,

A major part of the funding of the high enerqy physics program 15 required to meet
the direct needs of the accelarator laboratories to develop, maintain and operate the
e3jor accelerataor, colliding beam and detector facilitias. The facilitfes at these
laboratories provide the primary source of experimental data for kigh emergy physics
research in this country; about 75X of this research is carried out by unriversity-
based scientists. In this sense, most of the funding previded to the accelerator
laboratories also <am be considered as recesszary fndiract support to the university
research programs.

At Fermilab, the world's first superconducting high energy accelerator has routinely
operated, delivering BOO GeV protons to serve a number of fixed target experiments.
The Tevatron I project, which provides the capability for operating the
superconducting synchretron as a 900 Gey on 900 GeY preton-antiproton colliding heam
storage ring, 1s scheduled for first operatfon for research late in FY 1986, The
Tevatron I has already had a svccessful pre-operating test. The Tevatron 1] preject,
scheduled for completion in FY 1986, provtdes s number of new and upgraded secondary
beam enclosures and experimental halls for the fixed target raesearch prodrams. Many
of the capabilities provided by Tevatron il are already in operation.

At SLAC, the principal emphasis in recent years has heen the systematic Stody of
electron-positron coliisions at center of mass energies between 3 GeY and 30 GeV. An
fmportant extension of this capability will be provided by the Stanford Linear
Coldidar (SLC), which 18 te commente operation For retearch 1n FY 1987, This project
has as a major goal the development and demonstration of the fundamental technical
feasibi1ity of using linear accelerators with precisely controlled, high ietensity,
micron-sized beam pulses to provide a relifable source of high Juminosity electron-
positron collisions. The successful demonstration. af the SLC capabilities will be a
majer achievement in advanced accelarator technolegy and & crikical early step toward
a new generatiaon of electran-positron colliders at energies well beyond those which
warld be considered feasible with c¢ircular colliders, Successful operation of the
SLC 1n FY 1987 will also provide access to & previously unexplored physfcal domain,
giving the first opportunity te study the scientiffcally important physfics made
possible by the anticipated copious production of the Z° boson in these high energy
electrop=positron collistons at enargles near 100 GeV.

At BNL, the research progri® will make use of the recently developed unigue
capability for accelerating high energy polarized protens in the energy riange up to
26 GeV, and also of new and upgraded Secondary bean lines and detectors for a new
generation of rare K-decay experiments which will test certain impertant thmoretfcal
predictions.
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The SLC and Yevatron collicers will previde forefront research facilities for the
next several years. By the mid 1990's, however, the (\S. High Energy Physics program
will need new accelerator capzbilities ff it i to remain at the scientific frontfer.
Although elactron-positron linear colliders show promise for the future, the
technologies required for -a significant step Terward 1n energy and Tusinosity need
much development and such &4 machine is not expected to be practical for at least 15
to 2D years., By contrast, the technalogy for a very high emergy superconducting
proton=proton collider 18 in hand and such 2 machine i< the 109ical next step in the
program.

Thus R&0 efforts for the future of the high erergy physics program are belng focused
on 3 large proton-proton collider with an egergy]pf 20 TeV (trillien electron volts%
per beam and high luminosity, up to 1033casec L. Recent rapid progress in particle
physics, including the discavery of the W and Z particles, has emphasized the
importance of expariments In the mass range up tg several TeV where new phenomend are
expected, including new farms of matter with uaigue propertias. Although the
Standard Mode] agrees well with most experimental data, there are c¢rittcal unanswered
questions which can only be explared at higher energy. The 20 TeV protom beam energy
would atlew an exploration of this new physics domain, The new facility wovld have
imaense physics potential for truly major advances in undérstanding the fundamental
nature of matter. It would eperate in an energy dUEain where there are no existing
or planned facilities anywhere in the werld, and i would assure a world competitive
U.S. high energy physies program from ihe mid-1990's into the next century, Such a
project has been made technically possible by the outstanding successes of the
substantial WS. High Energy Physics R&D efferts 1n superconducting magnet
technoloygy, demonstrated most specifically by the successful operaticn of the
Tevatron suparcenducting wagnet synchrotron at Fermilab.

Accelerator R0 related to the neat generation proton colltder, called the
Superconducting Super Collider ($SC), was initiated in 1084, largely as a redirection
of efforts from earlier planned accelerator RED. The 1984 work included R&D on
technical opttons {particularly with regard to superconducting magnets), cost
reduction studies, and a Reference Designs Study (RDS) which established technical
feasibility and developed credible preliminary cost and schedule estimates. Research
and development activities in FY 1985 included R&D} to confirm ROS assumptions; cost
reductfon studies; further RAD on superconducting magnet designs to provide the
technical basis for selection of the magnet type which would yield the best
perfarmance at the lowest Tactlity cost; studies to refine the definition of the
scope of the facility 2nd to develop a cost performance aptimized design; and
develepment af a technical site c¢riteria report. In FY 1986, SSC relatad research
and development incimdes advanced accelerator RED to develop a cost/performance
optimized design for the selected type of superconducting magnei, ta develop cost
effective techniques for fabrication of Tull leagth supercandwcting megnets, and to
develop conceptual systems designs. This pragram will provide the technica)
information for an in-depth Departmental review of plans and designs for an SSC this
summer. The direction and eénphasis of the accelerator @80 program, especially the
work on superconducting accelerator magnets and associated systems, In FY 1987 will
depend on the results of this review.

In addition te research carried out using high mnergy accelerators in the V.$., the
hepartment's high energy physics program supports experiments which use the
capabilities of unijque foreign accaleratars and also some experiments which do not
require beams from particie accelerators. The research carried out at facilities
overseas takes advantage of unique research opportunities offered by foreige
accelarator facilities which have capabilit{es not availamle fn the LS. There is a
long history of successful and mutually beneficfal interrnationa] cooperation in high
energy physics which includes participation by sclentists from ene region doing



gxperiments on accelerators in snother region. Access is on the basis of the
scjentific merit of proposals and without charge for use of the faciities. The
research using particles from non-accelerator scurces includes studies of vary rare
processes such as the theoretically predicted decay of the proton, and searches for
neutrino mass and isotated magnetic monopoles. The proton decay experiments employ
large detector systems located in deep undergreund laboratorfes to provide an
environnent with a very low level of background radiatfot.

The FY 1987 reguest for operating expenses 1s $427,560,000. 7TYhe major feature of the
program in FY 1987 will be the ffrst operation for research of the proton-antiproton
¢ol11ding beam capability provided by Tevatron I, and of the 50 GeV on 50 GeY
electron-positron colliding beam capabflity provided by the SLC. The program will
also include operation and research utiltzation of the recently upgraded fixed target
facilitias at Fermidabr of the BNL AGS with its fixed target program including rare
kaon decay experiments and its unique high energy polarized proton dbeam, and of the
SLAC PEP and SPEAR colliding bean facillitles. There are major Incremantal costs
associated with operation of the new world forefront Tevatron angd SLC callider
facilitias. Thaso two new research capabilities ensure a world leading position for
the .5, pregram. The request brings these new research factlities inton operation
and accomaodates an overall facility utilization level near 50 percent. The request
provides continuing support for university based groups including user group efforts
at WS. and foreign acceierators, non-accelerator experiments, and theoret{cal
research efforts. The FY 1987 program alse includes funding for a continuvation of
advanced technology accelerater and detector R&D.

The FY 1987 capital equipment request of $77,500,000 meets the high priority needs
for the detectars requirad to {mplement strong rasearch programs based upon the new
capabilities provided by the Tevatron proton-antiproton collider at Fermilab and by
the SLC electron-positron collider at SLAC. The equipment request for FY 1987 is
essential to mzke it possibie for these new detectors to be tompleted fn FY 1989 and
thereby permit most effective utilfzation of the new U.S. High Erergy Physics
facilitias being complated in FY 1986 at Fermilab and SLAL.

The FY 1987 reguest for constructfon funds fs $41,700,000. This program includes
continued work on upgrading of the cantral computing capability at Fermilad
($14,157,000) which fs required for the analysis of the large volume of new physics
data coming from the Tevatron program, to continue construction ef the AGS
Accumulator/Bonster at BNL ($3,500,000) and to complete construction of the SLC
{$976,000) and Tevatron I (3$357,000). Funds are also requested for Accelerator
Improvezient Projects (AIP) ($11,500,000), and for General Plant Prajects (GPP)
{$11,200,000).

The AIP projects are essentfal on @n annual level of effort basis for maintaining the
reliability and efffcfency, as well as the sclent{Fic effectiveness, of the existing
accelerator facllities, Mepds for AIf funding wifll increase in FY 1997 with the
major new fac{lities comitg intc operation at Fermilab and SLAC. GPP projects are
required to keep the general plamt of the laboratorfes, inciuding butldings,
utilities and roads. ir viable operating condition. The High Energy Physics program
has the responsibility to provide for the full GPP needs of the multi-program
Brookhaven Natiomal Laboratory as well as thgse of the sinpgle-purmose laboratortes,
Fermilab and SLAC.

The Wigh Energy Physics program is described in terms of three subpragrams: Physics
Research, Facility Operations and High Energy Technoclogy. Although these three
functions within the progras are discussed a5 separate suvb-programs, they are not



independent. Each 8 ¢oupled to the other two and cannot exfst separately. The
close {nteraction and dynamic nature of these three subprograms may require that some
adfusiments among them be permitted during the year in order to ensure the mest
effective program and the best use of overall program funds.

The High Enerdy Physics prograa supports nimerous university research contracts in
which there 13 substantial cost sharing by the universities. The universities
provide theis centeibutions in a number of ways, such as partial salaries to
investigaters, provision of laboratory space and machine and electronic Shop
facilities, computing time and/or equipment, and direct funding contributions for
services and equipment. The High Energy Physics program encourages such cost sharing
pelicies to achieve maximum wtilization of available Federal funds. ln additicn,
there i$ cost sharing in & number of experiments by foreign participants, including
substantial contributions to major detectors such as the Japanese and Italiam Support
of the Coltider Detector Facility (COF) at Fermilab.

FY 1987
Physics Research Fy 1985 FY 1986 Request

Operating EXPENSES.ssnnescnnasansnnanssnsen $106,300 $106, 268 S118.600

The Physics Research subprogram includes the support of university- and laboratory-
hased research groups for the planning, preparation and execution of experiments, and
for the measurement, analysic, interpretation, and dissemination of experimental
results, It alsa supparis the research of university- and laboratory-hased
thaoretical physfcists engaged in both phenomenalogical and formal areas of
theoretical study.

Experiments in high energy physics genecrally require the use of large particle
accelerators, together with complex detection apparatus, te study the results of the
collisions of high energy particles. The DDE-supported acceleratars and experimen:zal
facilities are located at three centra) ladboratories, where they are made availabkle
to qualified scientists on the basis of the scientific merit and promise of their
research projects. About 75 percent of the research done with these central
facilities is performed by university-based physicists. Because of the size and
coaplexity of a typical high energy physics experiment, users from a eumber of
institutions frequently collabarate on a given experiment, These research teams
typically include a mix of physicists, engineers, technicisns, and graduate students,
After a research proposal to.the Jaboratory is accepted, the researcli teams
participate in the design and Fabrication af detectars and previde manpowar for the
axperiment during the data-taking phase at the laboratory. There is usuzlly
stgnificant interactfon and assistance from laboratory staff, and usz of laboratory
support facjlities, for each experimgnt. The entire process, from conceptien of the
experiment to publication of results., typically takes up to five vears if no major
new detector i¢ involved:; if major detector design and fabrication 15 involved, the
duration can te several years Yonger. LS, user group participatisn in experiments
utilizing unigue capabilities and opportuntties at faoreige laborataries such as BESY
{West Germany), CERN (Mestern Eurepe), amd K€K (Japan} f¢ also supported.

Studies of some of the fmportant funcamental problems in high energy physics are
being carrfed out in experiments which do mot involve the use of high energy
accelerators, While experimants te searcii for proton decay currently represent the
largest of the non-accelerator experimental efforts, there are other experiments,
both proposed and 1n eperation, including searches for free quarks, magnetic
monopoles, nautrino mass, and neutrimo-less double meta decay.



Theoretical research provides a framework for understanding the results of
experimentatfon and provides suggestions for new measurements important far
advancement of understanding. Experfments test existfng theoryc and provide the
basis for extensions, revistons and modificetion of the theeretical framework and
understanding, Because of this strong interplay between, and interdependence of,
experimental and theoretical research, experimental and theoretical resesrch groups
often work closely together. High energy theoretical research presently has a strong
focus on the develapment of a unified description of the forces in natvre through
generalized quantum field theorfes. An increasingly successful trend in theoretical
research 1s the uge and development of large-scale computing facilities to explore
numerical solutions of candidate theories which are not awenable to amalytic methods,
2long with tha developnent of more powerful oumerfcal and analytical techniques.

The Physics Research Subprogram al1so includes an Outstanding Jumior Investigatar
progran which provides research support Sor outstanding untenured high ensrgy
physicists who mtght otherwise have to leave the fleld due to lack of availability of
permanent academic pesttions. This smal)l program 5 very important for encouraging
some of the best young scientists to remain ia this fleld of research, and thus bears
impertantly on the long range vitality of the field.

The FY 1987 budget request of $118,680,000 for Physics Research 1$ necessary to
maintain the capabt¥ity of the university and Taboratory research groups to
participate effectively in today's more complex experiments, particularly those using
the new capabilities at Fermilab and SLAC; to provide a level of effort reasonably
matched with the planned level af facility utilization; and to maintain the impartant
theoretical research and non-accelerator high energy physics research programs,

Distribution by Facility

Fy 1987
FY 198§ FY 1936 Request

Fermi Notional Accelerator Laboratory (Fermilab) $ 9,803 § 9,382 $ 10,300

Brookhaven Mational labnr‘ato‘ﬁ‘y (EHL];»«;-;-\! L FA ?.100\ 6.989 7,600
Stanford Linear Gccelerator Center [SEAC)..eewewns 11,105 10,818 11,360
Argonne Mational Laboratory (AML)....... sesareses 4,920 4,787 5,300
defnc;e Bel‘keley I.aborﬂtory “—Ba-joo::ivcsorii.-- 8“00 8.454 '9,200
Universities and Other Agency Laboratories....... 65,171 65,838 74,300

Total PRYSICS RESEAFCHar.osearansnrranesneans 3106, 900  SIOE.268  STIB.600

Fermi National Rccelerator Laboratory

In FY 1987 $10,300,000 §s requested for the support of the Fermilab in-house resaarch
effort. This level will parmit continued physics research activity by Fermilah
scientists, most of which 1s done in cellaboration with university-based groups from
across the country. In this mode, the Ferm{lab staff participate In forofront
research while simultaneeusly providing a crucial support and liaison fenction for
the Blny vniversity users of the Fermilab T2cflities. A major focus of their
research effarts will be the unique new opportunfties for fixed target retearch
becoming availtable with cempletion of the full set of heams and targets provided hy
Tevatron IT construction, and for colliding beam research becoming available with the
new Tevatron collider facilities,
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The major 11nes of research to be pursued by Fermilab sclantists in FY 1987 will De
saarches for mew partficles, studtes of nucleon structure and constituents, and
exploration of the electroweak force through neutring interactions. The 900 GeY
capabllity of the superconducting synchroteon, in conjunction with the upgraded a2nd
new fixed target experimental facilities, as well as the new proton-amtiprotsn
¢olliding beam c¢apabiT{ity, will offer many highly spromising new and umnioue
oppartunities for resmarch advapces. MHajor experiments will study: W and Z
production and searches for new phepemena in colliding beam experiments; the
properties of jets of particles produced with high transverse momentus; the dimuon
spectrum resulting from energetic proton collisions with a fixed target; the direct
production of single photons in hadronic collisions; the characteristics of
interactions of neutrinos at the highnr energles now availabhle; the substrwcture of
nuwleons using the superconducting "Chicago Cyclotron" magnetic spectrometer; and the
creation of charmed and heavier quark states by pfiotons and hadrons in experiments at
new higher energies. The requested funds alse include support for the Fermilad
theoretical physics research program, including a2 small effort which explores the
interface region between astrephysics and high energy physics.

Brookhaven Nattonal Laboratory

In FY 1987 $7,600,000 is required for the BNL research groups. The research
capabilities At the AGS are unigue. since no othes accelerater covers this
intermediate range of beam energies or provides similar beams of high energy
polariaed gretons. Major research thrusts during FY 1987 will be the study of the
interactions of polarized beams on both unpolarized and polarized targets utitizing
the high energy polarized beam capability at the AGS, a search for neutrine gscilla-
ttons, and a program ¢f Inmnovative studies of rare K decays. Nost of this work will
be performed at the AGS in collaboration with university based groups. A
complenentary program of theoretical analyses of experimental results and maore formal
theoretfch) studies witl also be pursued.

Stanford Linear Accelerator Center

In FY 1987 $11,900,000 is requested for support of SLAC physics research groups. The
firsi experiments at the new SLC facility wfll begin with the upgraded Mark 11
detector. The SLC experimental program will initially comcentrate on studies of the
2® and its decay modes. PEP is expected to aperate at a new record high luminosity
ia FY 1987 and provide extellent eopportunities for mew discoveries with the upgraded
TPC detector. Higher precision experiments Inciuding precision measurements of
electreweak asymmetries and particle lifetidmes will be emphasized. Analysis of data
from the SPEAR detector {Mark III) will continue concentrating om states in the Psi
region to obtain a more detatled wnderstanding of charmed quark matter., The
theoretical progran at SLAC Includes phenomenclogical studies, as wall as studies of
fundamental issues concerning properties of the basic forces, the constituents of
matfer and the unificattaon of forces.

Argonne National Laboratory

In FY 1987 $5,300,000 s requested For the ANL physics rescacch pgrogram. ANL
scientists wiil be participating in the analysis phase of experiments dene with the
HRS detector at PEP.  They are alsa playing a major rele in the study of protor-
antiproton colltsions with the COF detector at Fermilab and preparation for use of
the polarized proton beam at Feemilab. They also are major participants $n the
Soudan LI nucleon decay experiment. The ANL physicists colleborate closely in these



activities with university rasearch groups and, together with tha unigue ANL
taboratory capabilities, provide an important tachmical service base for these
groups. The high energy theoretical physics group at ANL focuses on the study and
formulation of phenomenolegical models far strong 1nteractions,

Lawrence Berkeley laboratory

The request proyides $9,200,000 in FY 1987 for tha LBL research programs to maietain
an approximately constant overall level of activity. These funds are required for
participation of the LBL research groups in experiments at SLAC, Fermilab and other
taborataries. LBL scientfsts will play a major role fn the first experiments at SLC,
usfng the upgraded Mark i1 magnetic detector. LBL plays a lead role in the
experimental program at PEP usfng the Time Projection Chamber {TPC). Groups of
physicists from {8L are also playing impartant roles in both major detector
facilities at the Tevatron collider. An important part of the LAL program is the
Particle Data Center, which 15 tha only such capability in the U.S. and which
provides a valuable servige function for the U.S. and worldwide high energy physics
commnities., Modest support for high energy astrophysics experiments In 3 degree
Kelyin backgromnd radiation, supernova detection and observatfoa, and #tudies of
compact stellar objects are expected to continue. These experimants provide
important data on elementary processes and complement other high enerqy physies
experiments. Theoretical physics at LBL will continue te emphasize the investigation
of elementary particle interactions, the fundameatal structure of matter, Bnd topics
in advanced accelerator physics.

Universities and othar Agency Laboratorties

The Physics Research request for FY 1987 pravides $74,300,000 for the suppert of the
university-based experimental and theoretical research graoups and for high energy
physics resaarch proyrams at the Awes Laboratory, Los Alamos Maticnal Laboratory
(LAML), Oak Ridge Natfonal Laboratory (ORNL}, and Pacific Northwest laboratories
(PNL). This amount 1is required to permit these research greups to participate
effectively as users at U,S, accelerator Taborataries and unique foreign facilities
to perform cemplex forefront fixed target and colliding heam experiments; to perform
new forefront mon-accelerator experiments; to contelve and test innovative ideas for
the next genaration of experiments; &nd to carry out theoretical and phenomenological
analyses,

The Department supports approximately 115 experfmental ard 65 theoretfical kigh emergy
physics research groups at 90 untversities across the nation, as well as the research
efforts at Ames, LANL, ORNL and PNL. OOE university-based high energy experimental
groups are engaged in many forefront experiments im various stages of prodress,
collecting data fram the U.S. accelerators at BNL, Cornell, Fermilab, and SLAC, and
also from European accelerators a2t the European Laboratory for Particle Physics (CERN]
and the Deutsches Elektronen-Synchrotron {(DESY), from the Japanesa TRISTAK facility
at KEK. and fros non-accelerator settfngs (e.g., deep mines for proton decay). Such
well-conceived and carefully executed experiaents provide the basis for pragress fn
the field. The theoretical program Includes a varfety of actlvities ranging from
abstract theoretical considerations to phenomenological studias. This work fncludes
development of powerful methods for calculating lattice gauge Tormulations ef guantum
chromodynamics, and for predicting the results of electroweak interactions and model
urification theorfes.
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FY 1987
FY 1985 FY 1986 Reguest

Facility Operations

OPEI‘ating EXPE”SQS-.-&-'-i—&;:-r&:#A-vﬁ---»---- sam $172.715 31?5,095 5213’400

Capital Equipment...cssaseevsnsrecenvrmenanana 58,700 69,984 72,500
CORSETUCEI OR siwes eoalpan s s ieissas ot iwanuinas <% 114.000 55,049 41,700
Total Facility BRerations..cs . eves vmvees. EWEAS 00,178 333Z.500

Facility Operations supports the meny activities required to operate, maintain,
equip, and construct the high energy accelerators, colltding beam facflities,
experimental areas, secondary beams, large multi-user detector faciiities, and
central computing facilities which are essential to the pursuit of experimental high
energy physics research.

FY 1987
FY 1985 FY 1986 Request

Dperating Expenges ...... e s gt e e HeE L s, OBl $175,095 §213,400

The operating expenses portion of Facility Qperations provides funding for the
accelerator and experimental Facility operating crews and support personnel, the
electric power, and the expendable materials and supplfes required for these
activities which are concentrated at the thiee DOE high energy accelerator centers
located at BKL, Fermflab and SLAC. These accaelerator facilities provide the beam
tice fer the resedarch work of most of the high energy physics experimental research
groups in the 1.S., Including many who receive their direct research support from the
National Science Foundationm [NSF}. The accelerator amd calliding beam facilities
required for research in high energy physics are large, complex, and expensive.
Hence, they are few in number and are operated at central locations as nzttomal
facilities which are made avatlable to those physicists whoese research proposals are
Judoed to have the highest scientific promise and merit,

The cumplementary capabiiities at the three accelerator centers provide the essential
variety 1n types of particle beass, particle energies and beam intensities for a
productive U.S5. high energy physics programs. At Fermilab, the superconducting magnet
Tevairon provides intense beams of protons with energies wp ta B0O GeV and varjous
types of secondary particle beams with the high energies and high intemsities needed
for ferefront fixed target experiments, In FY 1987, the 900 GeY on 90Q GaV proton-
antiproton ¢plliding beam factlity provided by Tevatron I wil) be in operation for
research for the ffrst time. At BKL, the AGS providas protons with energies vwp to 30
GeV in the primary bedm, high energy.polarfzed preton beams, secondary particle
beams, and neutrino beams, for use in fixeé target experiments. At SLAC, the two-
mile Vinear acceleratar pravides hoth eleéctrons and positrons at energies uwp to 59
GeV, far High Energy Physics ressarch at the new Stanferd Linear Collfider (SLC) (50
€e¥ on 50 GeV), the PEP storage ring facility {15 GeV on 15 GeV) and the SPEAR
storage ring facility (4 GeV on 4 GeV),.

In FY 1987 there are major incremental costs required to inftiate operation fer
researck of the new Tevatron proton-antipraten colliding beam facility a2t Ferpiltah
and of the unique new SLC electron-posftran collider capability at SLAC. The fundisng
requast fn FY 1987 wil]l provide for these new needs while perpitting an average
overall utilization level for MEP facilities near the 50 percent level. &ocd
utilizatien ¢f these new research capabilities is essential to & world competitive
position for the U.S. progran. In order to support the first research uttlization of
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these twe new world forefront capabilities at Fermilab and SLAC, opersztion of the
AGS at BNL, of the PEP and SPEAR facilities at SLAC, snd nf the fixed target
facilities at Fermilab, will be reduced.

Operating Expenses
Distribution by Facility

FY 1987
FY 1985 FY 1986 Request

FEfm 1Eblﬁiti¢!l!dilll-§!gnIIIII&iI!lIItIé!ii- $ 330268 s 84.536 ‘100'?00

BHL---..-----!.-lm--ilillllilili!!lGO'!fl-.l’l 35'865 35'?10 38"00
sLACIIl‘i’iil’!’i#ll!‘!!!!t'llll!llllil-iill-u 50,335 ‘9.733 58]‘00
Latbiliil!¢lll-lu!!ail----uitv---liiéit‘lllbib 7UU 718 800
mhet-.Qiﬁv---ii&-iit"!i«ftt ---------- IR RN RE RN Eim? 4!348 4lgoo

Total FRcE 11ty Operations.sssesscscnnsssnase $172,715  $175,095  $213,400

Fermi National Accelerator Laboratory

The FY 1987 request for facllity Operations at Fermilab #s $100,700,000. There are
major incremental costs at Fermilab associaked with first operatien for research of
the world forefront Tevatron cocilider facility. Initiation of the colliding boam
oxperiments requires operation of the new antiproton source; this is a major facility
tn 1ts own ecight, includfng 3 complex target facility and two new storage ring
accelerators. The superconducting magnet accelerator will be operated &bout six
months fer research in FY 1987. Operation of the entire expanded sequence of
accelerators at Fermilab (Cockroft-Nalton preaccelerator, linac, booster, mafin ring,
supercanducting Tevatron ring and antiproton source starage rings) will require
$60,700,000, The FY 1987 program is expectad to include three wonths of operation in
the fixed target research mode at energies of about 800 GeY energy. 3nd three months
for colliding heam research. In addition about one month wiil be required fer
change-over and start up activities, Qperation of the labgratory's extensive set of
secondary beams, fixed target detectors, colliding beaw detectors and cantral
computing facilfties will require $40,000,000, During operations for the fixed
target program, about ten secondary beam lines will provide a variaty of intense high
energy particle beams for research use, and zbout 14 different experiments are
expected to take data. The Fermilad fixed target research program fn &Y 1987 will
explait the availability of secendary particle beams of higher energies and, in must
cases, higher Intensities than are avaiiable anywhere else in the worlg. It 1s a
warld unique and truly forefront program which has high priority within the natfenal
high energy physics program. The colliding beams research program will provide the
first data for the new Collider Detector at Fermilab (COF), and simultanegusly for
three ather smalt colliding heams experiments. This will pravide the First
exploration of subnuclear phenomena near 2000 Gev ceollision energles.

Brookhaven National Laboratory

In FY 1987 $38,400,000 15 requested for operatiecn of the AGS and asseciated
experimental facilities. This will result in a somewhat redvied leve) of operation
retative to Y 1985 and FY 1986. Of this amount, $19,50D,000 is needed for
accelerator aperations and $18,900,000 1s needed for experimentai facility
aperations, This will support about a six month level! of machine aperations, The
FY 19B7 operating pragram is expected Zo to be divided among Slow extracted heam
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operation, polarized proton beam operation, &nd fast extracted beam operatfoa for
nextrino experiments. Buring the slew beam oparatiens, approximately eight
experiments will be taking data simultaneausly, eaphasizing the hich priority rare
kaon dacay experiments., Also included are lease casts for the CAD/CAN computer
system. [n addition, the AGS will also be operated for heavy fon research

which is fumded by the Nuclear Physics program.

Stanford Linear Accelerator Center

-

$68,600,000 is recuested in FY 1987 for Facility Operattens at SLAC. Of the request,
$40,700,000 s for the operation of the 1inear accelerator, SLC, PEP, 2nd SPEAR, and
£27,900,000 is for the operation of the experimental areas, detector facilities and
the central computer factlity (including lease costs for the [BM 3¢8]1-X and
upgrades). There are major incremental costs at SLAC im FY 1987 to bring the world
forefront SLC collider into first operatfon. The 1inac presently operates mostiy at
60 pulses per second for injection ¥rito the PEP and SPEAR colliders; however,
research operation of the SLC requires operatfon of tha 1inac at 120 pulses/second.
This imcreased pulse rate results tn a large increase in power vsage and in the rate
of klystron and thyratron replacements, These effects, combined with the rapidly
rising electric power rates fram WAPA (nearly S0 percent from FY 1985 to FY 1887) and
the need Lo purchase some power Trom PGAE during 120 pulses/second operation, result
in the large tncremental cost for SLC operation. Jhe current plan 1% to operate the
linear 8ccelerator fer High Energy Physics far about six momths, ODuring the 2-1/2
months for SLC commissioning the lipat would operate mostly at 60 pulses/second,
while during the 3-}/2 months eof physics research with SLC it would operate mestly at
128 pulses/second, Research utiiizatfon of the SLC will regquire operatien of the
upgraded Mark I detoctor and the associaled collider expecimental hall. Operation
of PEP 15 expected to centinue at higher luminosity with an improved TPC detector.

To permit funding for the commissioning and first operation of SLC, operations of the
SPEAR and PEP storage rings will be significanctly reduced in FY 1987.  SPEAR will
remain avellable for use ty the Stanferd Synchrotron Radiatjon Laboratory which 1s
supported by the Basic Enerdy Sciences Program.

Lawrence Berkeley Laberatory

The request mrovides $800,000 Fer suppert of LBL'S participation 1n the nperation ef
the Time Projection Chawber (TPC)} detector facility at PEP, LBL provides engineers,
conputer scientists, technicians, and physicists who are responsikle for reiiable
operation of the TPC.

Other

In FY 1987, $4.900,000 is requested for special process spares and common use STOres
fnventories and other spectalized activities to meet requirements for effective
operation of the accelerator laboratorfes. An adequate complement of Spares and
specialized replacement parts s esseatial to avoid unrecessary disruptions to the
cperating schedul®e in the event of component failures, These very complex and
advanced technology facilities require many components that are mot off-the-sheif
ttems but mest be custem made in advance if they are to be readily avallable whea a
replacement part 1s need¢ed. In Fy 1937 there are Increased needs to provide adequate
spares suppert for the new facilittes at Fermilab and StAC,
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FY 1987
FY 1985 FY 1386 Bequest

Capital Equipment.....ocersecennonreccrnnnnens $ 58,700 § 69,584 § 77,500

Capital Equipment funding 15 required to provide the secondary beam 1ine components,
particle detection apparatus, portable shielding, and data analysis systems essential
to do hfgh quality, forefront high energy physics experiments. It fs also required
for replacement of accelerator and detector facility components that have worm out or
become obsolete. A proper complement of detectors and secendary beams s essential
for effective utiTization and operation of the major high energy physics accelerator
and caolitding beam facilities. The warid forefront detecters required ¥or more
effective utitization of the new and wnique research capabilities of both the
Tevatron apd the SLC celiidars hava tota) costs in the yicinity of $50 million and
require about five years to fabricate.

Timely intreductien of new beam and detecter capabilities, and the regular upgrading
and modification of existing capabhilities, is essential, The large scaie of the
equipment required for high eterqy physics research systess is illustrated by a few
exdoples: a typical secondary beam 11ne can cange frem several hundred feet Lo a
mile or more 1o length, and requires many beam transport, beam shaping and control
elements; the portable shielding required around detectors and targets can involve
arrays of hundreds of shielding blocks weighing as much as 10 tons each; the analysis
magnets {incorporated in detection systems wefgh many tons; large calorimeters of 100
tens or mera are net uncomuon; and electronics systems with hundreds of theusands of
data channels are typically required for major detectors. A time spam of as much as
tive years is often involved from design, through fabrication, to installation,
checkout, and gperatign of these large systems, Examples of specific items of
equipment needed Include: bess transport magnets and large analysis magnats for
detector systams; precision regulated power supplies; particle beam diagnostic and
contraoi systems; electronic and optical detectors with practsion spatial and time
reseletian; high precision calorimeters ang tracking ghambers fer colliding bean
detectors; high speed and large volume data proces$ing systems; special crycgenic
conponents for 1iquid hydrogen targets and superconducting devices; and a host of
specialized etectronics and other items of labaratory suppert equigment.

In FY 1987, $77,500,0NC is requested to meet the most urgent capital equipment needs
of the program,-with particular emphasis on the major world forefront detectors
required for adequate utilization of the new colliding beam research capahiltties
coming into eperation at Fermilab and SLAC. The needs for the D-Zers detector far
the second experimental area at the Tevatron collider, and for the first fully sccped
detector for the SLC {the SLD], are given specinl emphasis to make 1t paossible far
thesa new detectors to be completed inm FY 1989. AL Fermilab 1t will be necessary to
upgrade the first colliding beam detector (COF) and to upgrade the secondiry beams
and detectors requtred for experiments using the fixed target capabilities. At SLAC
it will be necessary to upgrade the TPC detector for second gencration experiments.
A BNL, there are majar capital aequipnent needs relatod to the large rare kaon decay
datectors. There are also needs for university users, far nom-accelerater
experiments, and for U.S. participation fn international collaborative experiments at
unfque feraign Facilities.
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High Energy Physics
Summary of Capital Equipment by Laboratory

Fy 1987

Fy 1985 FY 1986 Reguest

Femi‘lab IIIIII Sevewew IEREEEREEEEEEEERNERENRENRESNEN] aw s 27,540 s 31.115 ’ 30'500
SNLOl-lI'IIC.‘-I.IIl--'-!-.-.Q.‘.i'fil’li!.‘-l‘ 4l497 41978 5’200
SL‘C---aQ-'a-QIQ----- ----- "ot kB rtadinadignssnrnegs 9!070 14,552 21-000
LBL'E..“'.I'. [EN EE N REEERNENETNENNEERENFNNNNIENTXNRE] 1,?30 1.436 1.6m
ANL‘-W--.-I--l’l.II'iO‘ii-ll.lwlllllillnll. amsen I.?Rn 747 700
Other DOE laboratories and universittes....... 10,683 13,422 14,300
General Purpose Equipment (BNL).......cvavnene 3,900 3,734 4 200

Total Capital EqQuimment..cccccrincucscnsovsavss § 58,700 $ 69,3988 $ 77,500

Fermi Natfonal Accelerator Laboratory

In FY 1987, $30.500,000 is requested for capital equipment for the Fermilab prograsm.
Needs for FY 1987 pragress on the D-Zero ¢plldding beam detectar which is planmned for
completion in FY 1989 account for $12,500,000 of the request. Another eajor need
($8,500,000) 18 for the secondary beam l1nes and detectors which are essential for
good utilization of the Fermilab fixed target research capabilities. The request
31so includes $3,500,000 for upgrades te the COF colliding beam detector.

Summary of Capital Equipment Request for Fermilab

FY 1687
Reguest
Detectors for Effective Ut1lizatien of Tevatron l.cieeeeeonaccsns $ 16,000
D-zel‘o ONTOCTON 0d s usm sn'a s w e oo sn e nianasns el die s e el iz B NEEE 5 SN I!,SUE
CDF  deYeotar "MPOEAGR o6 o ors st o n b e Sald dalh dhaie Ao 5705 Foa ¢ior 53 s 184 3,500
Detectors and Secondary Beams for Fixed Target Progras........... § 8,500
Detectors for Tixed target experimentS....ccecececnncansncnana .o s
Secondary beam line companents and shielding......cciveeenncass 3,800
Base Program NeedS...... s A ol o s Al SiB e saTelee Wb e RIS B B $ 6,000
Accelarator related equipment itEmMS.iieececvnearcnccorrannronns 1
Support equipment for experimental Program......eoeeacesssssvnsse 1,600
General compuling equipment......ceccncncncncsccrancavrances e 1,700
Technical support and site operations equipmenit.,sovsvesrasasaans 200
T.ta]QIQIIOIO..sO!I!)l'II:- ------ ST IEFOEEER IS EEERNVrESETY SIS PUT RS LI 330)500

..
L)

Several new and upgraded detectors meed to be completed and brought ieta operation
diuring FY 1987 for the fixed target program, The requested $£4,700,000 for fixed
target detectors includes $1,200,000 for approved experiments in the Meutrino Area,

$2,100,000 for experiments in the Proton Arga, and $1,3400,000 for experiments in the
Keson Area.

Several secondary beam line Facilities need to be upgraded with wew technical
components in FY 1987. The major requirements for secondary beam transport |ines
include magnets, control systems and imstrumentation, cryogenics for the
supercoaducting magnets and shielding. A total of $3,800,000 i5 reQuested for such
secondary beam equipment, of which the major efforts on new beams will {iclude
completion aof the hyperon beam {£700,000), the polariaed proton beam ($600,000) and

€9
(4]


https://e$sent.hl

the new higher energy pion beagms in the Mesom Area ($1,300,000) and the Proton Area
($500,000}. The remainder of the requested funds will be usad for upgrades to about
five existing beams,

Twoe m3jor colllding beam detectars (one for each major interaction hall) are being
fabricated at Fermilab to conduct research at the unprecedented reaction energies
scheduled to become avaiiable for the first time late in JG8BG, when the Tevatrom
collider becomes operationai. The Collider Petector at Fermilab {CDF) being
assembled at the B-Zero interaction region of the Tevatron will bte ready for research
operation near the end of FY 1986. It will provide the first studfes of new physics
at reaction empergies in the 2000 GeY range. The $3,500,000 requested for COF in

Fr 1687 will provide upgrades whose need is fndicated by early pre-operating
experience. Fabrication of the sacond colliding beam detector, to be installed at
the D-Zero interaction region of the Tavatron, was fnitiated fn FY 1985. The
$12,500,000 requested in FY 1987 for the D-Zero colliding beam detector will permit
major progress on this detactar and will maintain a schedule that makes 1t possible
for the D-Zero detector to be compieted in FY 1989.

The numgrous and technelogically advanced accelerator and cryogenic systems at
Fermilab require replacement ftams of capital equipment in order to maintain good
operating condition and for the replacement of worn sut and obsolete units, Jtems
necded include components of the power, vacuum, RF, controls and cryogenic systems.
EqQui ppent needed for the RED programs is included in this category, A netwark of
small emlators and microprocessors, to provide more efficient access by users to the
Fermilab central canputing complex, 1s alzo raquired in FY 13887. The request also
provides for the standardized electronics modules and nther items of support
equipeent provided from a centralized pool for experimental users, as well as for
technical support and site operatfons equipment such as machine tool replacements.

Brookhaven National Labaratory

The FY 1987 request of $5,200,000 for BHL. includes $4,700,080 for needs of the
ongoing AGS physfcs program. This includes $3,000,000 for detection equipment for
the BNL physics research groups, 2 major part of which is for the rare kaon decay
experiments; $1,100,000 for components foar secondary beam line mpdifications:
$300,000 for controls and instrumentation in various parts of the AGS cowplex; and
$300,000 for the ipstrumentation pool which provides modules of standardized
electronic apparatys which are avaiiable to all AGS users on the basis of need.
The remaining $500,000 {5 for equfpment needed to support the advanced

accelarator RAD programs.

Stanford Linear Accelerator Center

™e requaest of $21,000,000 tn F¥ 1987 s required to meet equipment needs related to
the SLAC Tinear accelerator, the SPEAR and PEP storage rimngs, the associated
experimental detection facilities, work on a fully scoped detector (SLA) for use at
SLC. and the SLAC advanced accelerator RAD programs.

The request includes $14,500,000 for progress oa the first full-scope SLC detector,
the SLD, designed specifically for experiments at 50 GeV on 50 GeY, This detector
will {nclude high resalutfon calorimetry and excellent particle fdentiffcation over a
targe solid angle, as well as the ab{lity to tdentify short-l1ived particles by the
measuresent of thelr path length prior to decay. The FY 1987 request is needed to0
maintain a schedule that makes it possible for this state-of-the-art detactor to be
completed in FY 1989,
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The £6,500,000 requested fer other activities includes completien of the modification
of the PEP lattice for increased lumfnosity and upyzrading of the TPC detector. Also
included are minor upgrades of the Mark [I detector at SLC. Other needs to be met
fram this request include equfpment needs im support of SLAC's advanced accelerator
research and development effort, including work on advanced concepts with potential
application to future liaear colliders; tmprevements to the central cosputing syStem
and 1ts associataed netwonk, a2nd general laboratory support egquipment.

Lawrence Berkeley Laboratory

A total of $1,600,000 is requested for capital equipment needs at LBL in FY 1987.

The physics research program requires $300,000 for the suppori of experiments at
SLAC, Fermilab, and for a double beta-decay experiment, The advanced accelerator RED
effort requires $500,000 for equipment related to LBL's effarts on antiproton
cooling, on very high field superconducting accelerator magnets, ard on special
purpose computing devices used in performing orbit tracking talculations for advanced
accelerator design. There 13 also a need for $200,000 for equipment 1n support of
the advanced detector development program.

Argonne Kattonal Laboratory

A total of $708,000 is requested for ANL capital eguipment needs in Fy 1987. This
equipment wtll support ANL's participatien in a variety of experiments, including the
new polarized proton bean experiments at Fermilab and the Soudan II proton decay
experiment.

Other DOE Laboratories and Universities

A tota) of $14,300,000 1s requested to meet the capital equipnent needs of ether DOE
laborateries and universities. The $13.000,000 requested for university programs 1n
FY 1987 is required far experimental detection and data analysis equipment., These
funds support the major apparatus needs of the experimenta) research programs of the
university users for experiments at U.5. and foreign accelerator laberatories, and
for nen-accelerator experiments such as searches for nucleen decay, nautrino
osctllations, double beta decay, magnetic monopolgs, and studies of very high enerqy
protesses produced by cosmic radiation,

Included in the $13,000,000 are major equipment needs ($6,500,00D} for user groups
participating in electron-positron colliding beam experiments presently 1n the
preparation stage at the LEP facility at CERN, in electron-proton colliding keam
experfiments at the German HERA facility, and at the TRISTAM coll§dfng beam
experimental pregram at KEX in Japan. There are needs (%2,508,000) for non-
acceleratar experiments such as the proton decay searches which are operated in deep
mines. There are direct funding needs of the university programs {$1,200,000} for
apparatus fer axperiments utfilizing Fixed target and coldiding beam capabilities at
Fermilab; for experiments at the SLC and PEP Collfders at SLAC; for utilization of
the high imtensity capability of the AGS at BNL for neutrino oscillation, rare kaon
decay and polartzed beam experiments. On-l1ine computer equipment, interfacing
conporents and peripherals, which are an fntegral part of experimental detector
tystems, and small computer systems used in scanming, measuring, and data analysis,
are alse required by the university experimental groups. [n addition, theoretical
groups based at universities have a requirement for special computing capability for
some types of thecretical research such as lattice gauge calculations. These needs
requime $800,000. Also 1ncluded 1s $2,000,000 for 2 mainfraae for data reduction far
the LEP 3 experiment.
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The FY 1987 request alse includes $750,000 for equipment needed in suppert of the
advanced accelerator RED efferts and $550,000 for Ames Lzboratory far detector
components to be used fn experiments at the LEP facility at CERN.

General Purpose Equipment (BNL)

The High Energy Physics program provides funding for all general purpase equfpment
requiremants at BNL. In FY 1987, $4,200,000 s requested for this multipurpose
eqipment, which 15 essential to the proper day-to=day operatfoms at the Laboratory.
Included are all the needs of the Laboratory's service and support divisions, central
scientific camputing facllity and central shops, as wel) as equipment requifed to
respand to health, safety, security, and envirommental needs. It 8 importamt that
obsolete and worn-out equipment be replaced in order to promete efficient, safe
laboratory operations, to increase productivity, and to avoid high maintenance costs.

FY 1987
FY 1985 FY 1986 Request

tmstruct‘i.nliiilli'!i-ii’ll"‘i‘il'iiiltii-kl’.iiil $114l000 s 55'0‘9 s ‘1.?“)

A total of $41,700,800 in construction funding far high enerqy physics projects is
requested fn FY 1987, The projects are:

Total
FY 1987 Estimated

Project Title Project Mo. Request Cost
Tevatron [ fremilﬂb!|¢!vc!!goq!a!059¢¢g¢ta¢+l 8!’:‘218 ‘ 36? 3 54p000
SLC (SLACJUIIIIGFF‘!!-".l!.l'!'fll!l‘"i—lll-l'i@' &@—m=133 9?6 115]400
Central Computing Upgrade {Fermilab)......c.. 8&6-R-104 14,157 24,100
AGS Accumulator/Booster {BM.)...d.scescersas. B86-R-105 3,500 26,400
Accelerator Improvement Projects [AIP)eeesse. 87-R=101 11,500 11,500
General Plant Projects (GPP)...... Geeivannass BI-R-102 11,200 11,200

I, 700

The construction request fncludes funding to contfinue the upgrade of the central
computing capabitity at Fermilab and the AGS Accumulator/Booster at BNL, for
caopletion of Tevatren [ and SLC, and for accelerator Jeprovements and modifications
and general plant profects which are needed on an annual basis to maintain the
efficiency, reliabilfty and sclemtific effectiveness of the laboratories.

Tevatron |

The Tevatron I project at Ferwmilab will provide the facilities needed for a 1000 GeV
on 1088 GeY proton-antiproton colliding beam capabflity. This will be accomplished
by producing intense counter-rotating beams of protons and antiprotons 1n the Energy
Saver superconducting magnet ring and dbringing them inte collision to produce about
2000 GaY of reaction enerqy, the highest available in the wrld. Specificaliy,. the
project Includes: 1)} additfonal refrigeration and radie frequency accelerating
structures s0 that the Enerqy Savar ring cAn operate at 1000 ZeV far protan-
antiproton colliding beams; 2) an antiproton seurce; and 3) twe experimental areas
suitable for detectors to study the results of very high energy proton-antiproton
collisions. The $367,000 requested in FY 1987 is the final project funding.
Additional details are gprovided in the Construction project data sheet.



Stanford Linear Collider (SLC)

The SLC praject st SLAC, will provide: 1) systems for producing intense electron and
positron bunches; 2) small storage ring and beam pulse compressar ta increase the
density of tha electrom and positron bunches; 3) two semicircutar arcs of smald
aperture mageets, housed in appropriate enclosuras to bring the electron and positron
beams into head-aii collisions; 4) spactal focusing systems near the heam interaction
point, tncluding the necessary housing and associated experimental hall and staging
area; and 5) the Instrumentation and control systems to operate these syskteas,

The SLC project will accelerate beams of electrons and positrons simuitaneovsly in
the linear accelerator, separate thea and transport them through two semicircular
arcs at the end of the 1inac and then hring them into head-on collisfon. Successful
developnent of the SLC will provide an essential demonstratfion of the technfcal
feasibility of the new 1¥near collider caoncept, which $¢ 4 critical step toward
future cost effective extensions of electron-posttron rezction enzrgles beyond the
oax imun enerqy practigj] with efrcular colliders. In addition, when completed in
19686, the SLC will be“the first electron potitron colliding beam System {a the world
capable of achieving un energy of 100 GeV in the center-of-mpss Systam and s
expected to produce coplous quantities of the recently discoverad Intermediate Yector
Boson [Z9), one of the carriers of the electroweak force. The detailed study of the
7° ts one of tha major, exciting areis of physics research indicated by present
theories. The project benefits in a major way from the use of the existing 2-mile
linac and supporting facilities at SLAC. The $976,000 requested in FY 1987 is the
final project funding. Additional details are provided in the construction project
data sheet,

Fermilab Central Computing Upgrade

Significantly upgraded central computing capabilities and capacity are required at
Fermilab in order to accommodate the data acquislition rates required for forefront
experimants with the new research facflities becoming operational with complation of
the Tevatron constructiea program. The primary source of this ragquirement is the
antiproton-proton collidieg beams capability of the Tevatron, and the two major
assaciated new detector facilities. This new research erogram will generate
unprecedented volumes of data requiring extensive analysis and computation 1n erder
to extract the important physics results. Experiments using the higher snergies and
produce much higher data rates than previocusly experienced, Effective utilizatien of
these new research facilities requires significantly faproved computing capability at
Fermilab. A recent study emphasized the urqancy of tha central computing upgrade to
meet these needs,

The total estimated cost of this project 1¢ $24,100,000. The preject was {nitiated
with $2,968,000 1n FY 1986. The coacrete extarior structure of the dullding is te be
completed with those funds., The $14,157,800 requested in FY 1987 will pemit major
progress on this facility, inctuding completion of the building and the acquisition
of much of the additional central processing units, peripheral dita storage devices,
and interfaces to user terminals. The FY 1987 request s essential to permit
completion af the copputing upgrade on a time scale apprepriate for effective
research output from the Tevatron, Final funding is planned for FY 1988. Additienal
detalls on this project are provided in the c¢onstruction project dats sheet entitled
“Central Computing Upgrade" (Preject Mo. 86-R-104),
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RGS Accumulator/Booster (BHL)

The accumulator/booster 15 a 1 GeV intermediate injector to the A&GS which wil]
provide a cost effective enhancement of the capabilitias of the AGS for high energy
physics experfments and also for heavy fon research. It will facrease the space
charge limit of the AGS, genmitting the intensity of protop heams to be {ncreased by
a Factor of 4 {ta 5 «x 0! protons/pulse); ]ncrease the intensity for polarized
protons by a factor of 20 (to about 4 x 101 protons/pulse) by permitting the
accumulation of many Vinac pulses in the booster bafora injection into the AGS; and
will provide the abitity to fully strip and accelerate heavy {fons up to mass 200 for
injection 1nta the AGS,

The increased proton beam intensity will be extremely valuable for important rare
kaon decay studies and for medium energy neutrino studies for which the AGS is a
world leading facility., It will also permit simultaneous operation of slow
extractien and fast extraction systems, thersby permitting neytrino experfiments to
pperate simultaneously with other experimants and consfderably enhancing the cost
effectiveness of AGS operations. The increase in inteasity for the uniqQue polarized
proton capability of the AGS is especially important for axperiments at large
manentum transfer where event rates fall off rapidly. The accumulatar/booster will
also extend the heavy 1on capahility of the AGS to ions of mass 200 {gold} compared
to the present 1imit of mass 32 {sulfur).

The TEC of the project 1s $26,400,000. The project was initiated with $1,915,000
appropriated in FY 1986; $3.500.000 1s requested {n FY 1987 to continue the project.
The remaining funding 1s scheduled for FY 1988 and FY 19H9. Additional detatlls on
this project are provided in the Constructfon project datz sheet entftled “AGS
Aceumul ator/Booster" (Project No. B6-R-105).

Accelerator Improvement Projects

A total of $11,500,000, which maintains an approxieately constant overall leve) of
effort, is required for Accelerator [mprovement Projects (AlP) to be distriduted as
follows: fermilab ($5,900,000);: BHNL ($2,500,000); and SLAC ($3.100,000). AlP funds
are required on an annual basis to provide essential modifications and upgrades of
the existing accalerator and colliding beam facilitias for the purposae of

ensuring their scientific effectiveness and improving their operating

ecanomy and efficiency,

It §s pecessary to proyide new or modified research capabilities on short notice in
order ts accommodate the special needs of new high priortty experiments. These
changes are often required on a time scale much shorter than the normal two to three
year Federal budyet cycle, As & consequence, AIP fundt are essenrtial to permit a
rapid and flexidble response essential to meet the mest urgent of such nesds and
maintain a highly effective program.

There are speci&l needs for AIP funds at Fermilab because of the very large scale and
scope of the laboratory which Includes a serfes of seven accelerators, storage rings
and pre-accelerators, as well as the extended cryogenics facilities, beam extraction
systems, secondary beam Jines and experimental facilities, all of which make up the
complex Tevatron facility, Also in FY 1987 there will be additional accelerator
facilities requiring svuch funds at the SLAC complex following complettion of the SLC.
Additional details on the AIP needs at each of the three accelerator laborateries are
pravided in the constrection project data sheet entitied "Accelerator Improvements
arnd Modifications" {Project No. 87-R-101).
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General Plant Projects

Ganeral Plant Prejects (EPP) funds are for upgrading, modificatien, and improvement
of the general laboratory plent at BNL, Fermilah and SLAC. GPP funds are required
for projects such as utilities, support buildfngs, roads, shops, on-site fire
fighting capability, etc.. and, although small compared to the capitalized value of
the plant, are essential to keeping tt in efficient operating condition. The FY 1987
request totals $11,200,000 for an approximately constant level of GPP at the
following laboratories: Fermilab {5%.300.000). BAL ($6,000,000), 2nd SLAC
($1,900,000). It #s noted that at BNL the High Energy Physics Program has the
responsibility to provide fending for all of the GPP needs of this multi-program
lahoratory. Additicnal details are provided in the construction project data shest
entitied, "General Plant Projects, Varfous Locatioens® (Project No. 37-R-102).

Fy 19387
FY 1985 Fy 1986 Reguest

High Energy Technology

Operating EXPensSes sessenvssnsssnsssanennasas § 90,200 £ 88,462 § 95,500

Progress (n forafront sctentific research is strongly 1inked to advances in
technolegy. The performance capabtility of the facilities and insteumentation
available to retearchers affects the ability to make significant advances,
Development of new accelerator and detector capabllities and of new betteid types of
instrumentatian depends not only an the development and applicatien of new advanced
technologies but also frequently requires extensiin of the underlying scigntific and
engineering principles. Research 1n hfgh enerqy physics requires sme of the most
complex and technologically advanced research Tacilities ever built. The development
of applicable supporting technelogy not only in respanse to the needs of research
hut also in anticipation of them is an essential feature forf the DOE supported
program in hfgh enerqy physics.

The High Energy Technology subprogram has the specific geal af providing the
techrological base for improving the scientific effectiveness, reliability and
afficiency of existing facilittes and for extending the scientific capability of the
experimental research program through few concepts and new, advanced facilities. As
a byproduct, work carried out under the High Energy Technoicgy RS0 subprogram
frequently pushes ferward or opens up new technoiogical frontiers. thereby
contributing significantly to the national technology hase and to many specific needs
in other areas of science, technology and medicine., In order to sustain anm effective
techrology R&D effert that ts both respensive tp the needs of and stimulhtes the
basic physics research programs, 1t i5 necessary also to pursue a vigorous
theoretical research effort into the physics and angineering principles usnderlying
the concepts and operation of these facilitfes: to conduct ferefrant RED in selected,
promising areas of applicadle technoiagy; to develop and prove emerging 1deas and
cancepts; and to transform these ideas ang concepts into practical devices and
techniques for use §n physics research and elsewhere,

The Hfgh Energy Technology subpragram is subdivided into twe major areas:

Accelerator R&D and Experimental Facility R&d. The first 15 comcerned with the
production of particle beams and the second with the utilization of those beams for
physics research. Specifically, accelerator RAD is concerned with the science and
technology fundamental to charged particie mcceleratnrs, celliding beam systems, beam



extraction, and primary beam transport systems. Its goal is to develop new and
laproved concepts, technigues, and devices of direct application to the acceleration,
storige, and transport of particle besps to be used for probing the inrerwmost depths
of matter and energy. The emd products are particle beams of higher energy,
increasad intensity, Yender stored 1ifetime, greater brtghtness {more particles per
unit transverse beam area), lower cost and grester diversity. Experimental facility
RED is concerned with the targyets, secondary deam transport systems, detection
apparatus, and data processing systems directly imvolved in the physics experéments,
1t fecuses on developing new and improved means for generating, splitting, and
transporting secondary partitle beams; on fnventing and develaping new types of
instrumentatioh sequired Tor detecting ang studying the characteristics of particle
interactions produced in experiments; and on devising advanced processing techniques
for the ceileaction and analysis of data gathered in experiments.

While the purpose and thrust of the technelogy RED subprogram is to ensure and extend
the technology Base vital to the pragress of high energy physics research, the
results of the advanced R&D effort freguently find sfgnificant application in other
scientific and engineering disciplines. Thus, advances in the understanding of
charged particle beam techrology have contributed to the development of high pawer
rad?ofrequency tubes, elactron microscopes. semiconductor manufacture, and x-ray
sourceg. Standardized instrumentation systems sponsosed and developed by the high
enerqy physics program, such as the recently completed FASTBUS, have become national
and internatfonal standards used in other resedrch disciplines, industrial process
control and artifictal intelligence. Pattern racognition methods developed for
bubble chamber scanning in high energy physics were essenttal in the development of
Computer Assisted Tomodraphy (CAT) scanners. Supercondutting magnet technology ang
pattern recognition methods have been applied to the aew Nuclear Magnetic Resonance
(NMR) devices which are expected to revolutionize medical diagnostics.

The High Erergy Technology R3D activities are concentrated primarily at five DOE
suppsrted national lakgoratories, although an important part is carried out by
universities, other laboratory and non-profft institutieons, and industriad firms. The
FY 1987 request of $95,500,00C for the High Energy Technology Subprogram includes a
program of R30 studies in support of upgrades to maintain the scientific
effectiveness af existing accelerator, colliding beam, detector and experimental
facflities; in support of ongoing construction prajects; and to develop very advanced
concepts and techniques with potential application to future acceleration and
detection Facilities. The FY 1987 reguest includes continued RA&D studtes on
superconducting magnets for accelerators and their optimfration for future
accelerators including materfals development, cryogenics and manufacturabilfty
studies., Also included are magnet systems studies such as vacuum, fnstrumentation
and contral systems, and the effects on these systems and on the magnets themselves,
of operating a series of magnets as a system. Important accelerator physics studfes
include non=1inear tean dynamics. both analytical and by trackingl and the production
and maintenance of brightg low emittance beams,

The studies on superconducting magwets and systems and their optimization are a
high priority need for the future viab{lity of the program. The L.S. breakthrough in
superconducting magnet technology, represented most dramatically by the successful
operation of the Tevatron, signiftes that no future high energy proten ar hadron
accelerator can competitfvely be built anywhere without the use of superconducting
magnet technology. Further, electron accelerators with capabifities significantly
heyond those ef the SLAC SLC and the CERN LEP machfne will require new accelerator
techniques and methods which are expected to require many years of RED before coming
to fruition., Thus, any new frontier high energy accelerator Tor the near Future is
expected to require the use of superconducting magnets and R&D and optimization of
these magnets for Future facilities has high priority, The results sf the advanced
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accelerator RAD program for the next generatfon particle collider through FY 1985
will pravide the technical informatfon for arn in-depth DepartEental review of an $SC
type faciiity. Those results can be expected te have a streng impact on thke
direction and emphasis of the FY 1987 R8D studies particularly in the area of
superconducting magnets and systeas,

FY 1987
FY 1585 Fy 1986 Reguest

High Energy Technology

Fermi KHatfonal Accelerator Laboratery....... - WL § 23,360 $ 24,900
Broskhaven National Laboratory.......ccsavmass 19,305 1B,956 20,200
Stanford Linear Accelerator Center...ccssaasss 16,585 15,509 16,400
Argonne MNational Laboratory.sesssvscaesbonises 1,681 1,436 1,700
LaNPEHCE BerkEIE}' Ll-bor‘ﬂtnl‘y.---.;uu.---av.... 8,190’ ?'850 3,6.0
Other DOE laboratories and univertitieS....,.. 16,704 21,351 23,700

£ 00,200 ¥ 68,462 T 65,500+
*AlJocations tentative pending departmental review of 5SC,

Fermi Katfonal Accelerator Laboratory

A total of 324,900,000 is requested far Fermilab in Fy 1987 for technology R&D. Of
the FY 1987 request, $16,200,000 is for accelerator R&D, and $8,700,000 is for
experimental facilities RAD.

Dperation of the superconducting magnet ring 3s a proton-antiproton collider in a
totally new energqy regime is scheduled to begin late in FY 1986, An extensive RSD
program to understand and optimize the preperties and performance of the antiproton
source and of the Tevatron as @ storage ring will be required. Properties of the
Tevatron operating with simultaneously circulating beams of gprotoms and antiprotons
will be stuwdfed with the object of impraving reliability, efficiemcy and Tuminesity.,
The operational characteristics of the antiproton saurce will also be studied with
the aim of improving overall performance and luminosity of the collider. Prototypes
of an improved lens for the antiprotea target, ef higner frequency stochastic ceoling
systems, and of higher capability instrumentation and control systems will be
fabricated and tested. RED will be carried out to investigate ways to increase the
brtghtness of the anttproton source, and on the feasibility of a pre-bevster to
improve the beam intensity of the Tevatren., RED om advanced technologies Ter
accelerator and colliding beam systews will alsep be carried out, RED on imprevec
superconducting maignets, cryostats and systems will continue.

As Fermilab begins to explteit the rebearch tapabilities made available by completing
Tevatron [ and [f, there will be a special focus fn Che experimental Tacilittes RAD
program on the develampment of higher perfarmance beam transport, targeting amd beam
splitting apparatus and on Improved particle detectors for experiments to mere
affectively utilize the higher energy fixed target research capabilities. RED wiil
be needed in support of celliding beam experiments and detectors; particyvlarly the
new D-Zero detector. Improved triggering techniques, cowuter software and speciatl
on-iine graphics capabilities will he develpped. An important component sf these
efforts wil) be RAD aimed at impeovements in computer techniques and systews. More
agvanced s50ftware for data collection, data reduction and graphical display of
results will be required. Th# program will also include studies to develop advanced
detector conpcepts.
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Brookhaven Natjonal Laboratory

The FY 1987 request includes $20,200,000 for technology RED at BML. Of this,
$17,400,000 is for accelerator RAD, and $2,800,000 for experimental facilities RSD.

The accelerator RAD related to the AGS has the goal of maintaining and improving the
operating effect iveness and the scfentific capability of the AGS. There will be &
special effort directed toward achfeving a msjor increase in AGS accelerated beam
intensity, and improvements to the polarized beam capability. Advanced RED on mew
accelerator concepts and technologies will also be pursued, with particular emphasis
on studies of superconducting technology capitalfzing on BML's expartise in this
area.

The experimantal fTaciltties R&D will focus on new detector and beam 1fne developments
aimed primarily at impreving the unique capabilities at the AGS for polarized beam
experiments, low energy neutring studies, and rare kaon decay processes. The program
a#1s0 includes an effort on development of advanced detector ctoncepts.

Stanford Linear Accelerator Center

A total of $16,400,000 is requested in FY 1987 for technology RED at SLAC. The
FY 1987 request includes $8,600,000 for support of accelerator R&D and $7,800.000 for
experimental facility R&D.

In FY 1987 the SLC project will) be brought into operation for research; supporting
RAD will concentrate on optimfzing performance and reliability and improving
luninosity. Specfial areas of study will inctude development of methods for enhancing
positron beam intensity; problems of stability of high current micron-gt2ed beam
pulses in the linear accelerator during acceleration; beam transport to focus the
beams of electrons and posttrons to a tiny spot and bring them inteo head-on
collision; methods to control and analyze the collfsions of the very high intensity
rwicron-¢1zed electron and positron pulses; and development of techaniques for
acceleration of polarized electrons.

The balance of the accelerator R&D funds will be directed toward improvements in
performance, reliability, and operating effictency of the linear accelerator and the
SPEAR and PEP colliding beam devices, and toward advanced concepts. Advanced concept
R&D activities at SLAC will include development of high gradient accelersting
structures, development of very high power pulsed radio frequency sources,
theoretical and experimental studies of new and advanced concepts of linear
accelerator systems, develamment of advanced beam instrumentation and contral
devices, and development of specfal beam transport systems for micron sfz2ed beams,

Experimental facility R&D at SLAC in FY 1987 will be directed primarily toward the
development of advanced detectors for future experiments at the SLC and PEP.
Particular emphasis wt11 be placed on RAD in support of the SLD detector.

ey Laboratory

t f lested in FY 1987 for technrology RAD at LBL. Of this

t tsed to support advanced accelerator RAD, including
studies of high fleld superconductfng magnets, collabarative studies with
Fermilab anc  hers on stochastic cooling techniques, and work on novel accelerator
concepts such the two-beam electron accelerator concept.
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The experimental facilities R&D request of $2,800,000 ts to support develepment of a
hadron calorimeter for & major Proton-antiproton axpertment at Fermilab, studies of
advanced detecters for use with Tinear celliders in collaboratien with SLAC; work to
{eprove the perfeérmance of experimental apparatus at SLAC and Fermflab; and & major
inftiative fer the developnent of advanced detector concepts utilizing the special
expertise of LBL in this area.

Argonne Mational Laboratory

”
A total of $1,700,000 1s required for ANL in FY 1987. Of that amdunt, $750,000 is
for accelerator R&D and $950,000 1s for experimental faciliti{as R&O.

The hish energy accelerztor RAD at ANL for FY 1987 1s expected to be dirented
primarily towards work on advanced accelerator concepts, particularly en the so-
calied wakefield devices.

Experfinental facilities R&D is expected to concentrate on research and development
for new types of particle detectars: further developments of the CDF; and the
develement of new types of polariz2ed targets.

Other DOE Laboratories and Universities

In FY 1987, $23,700,000 {s requesied to suppart other advanced technology programs.
The request provides the increase required for the SBIR assessment and an increase of
about $4N0,800 each far advanced detector and advanced accelerator R&D. The

work under this part sf the technology RAD subprogrian is carried out by universities,
laboratories and industry. This program presently sopports coetracts with about 30
tnstitutions. The work covers a very broad spectrun of topics related to
accelerators, tnlliding heams and detectors. The work imcludes studies to improve
upon and optimiae previously available techniques and those which seek to develop
entirely new techniques, As part of optimization of available technigues, effort
includes work on superconducting magnets, including materials develnpment,
cryagentcs, and manufacturing techniques; other magnats systems, such as vacuum,
instrumentation and control systems; and accelerator physics topies such as nonlinear
beam dynamics including beam-bedm effects, studies both analytfcally and by tracking,
and the productfon and maintemance of bright, low emittance beams.

There are also significant needs for advanced detector R3D to develop detectors that
can extend the range aof investigations at present facllities and operate effactively
a8t future accelerators and ¢olliders. RED 135 npeded to develop radfation hardenad
detector systems and electronics which can suryive i the high radiation envirpoment
nekr the collider interaction point at high luminosity; triggering systems and data
reduction systems to handle the high event rates; and techniques for pattern
retognttion and time tagging and tracking of complex, high multiplicicy, overlapptng
events,

Thare 18 2150 a strong need to develop new accelerater techniques, which dertves from
the necessity of optimizing the cost of constructing and operating the Varge, modern
acrelerator and cellidimg beam facilities. While there are no known physics or
technology ressons why present acceleration techrigees cannet be extended to much
higher emnerpies than facilities now sperating or planned, the s5§ze and associated
¢O5t of much higher mnergy facilities based an known techrology could become
prohibitive.
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As a consequence, resources are being directed teward discovering and developing new
concepts af charged particle acceleration that are more cost effective and give
higher Final particle energles in devices that are smaller and more eneryy efficient
than existing ones, Representative 1ines of research include collective methods of
particle acceleration, wake field accelerators, laser accaleration ef electroms,
theories of naon-linear dymamics, collective effect and space charge induced
phenomena, very high frequency and high power radio frequeacy sources, and very high
fleld superconducting magnets. A number of these programs are reaching the point
where significant experiments and prototype fabrication are required to verify
predictions and guide feture RED studfes., A substantial effort in this area is
tritical to make it possible to provide the required future high emergy physics
agcceleratar and experimental fac{lity cepabllities in & cnst effective manner.
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DEPARTMENT Of ENERGY

1987 CONGRESSIONAL BUDGET R[gUEST
' tETS

"GENERAL SCIEWCE AND RESERRCH
HIGH ENERGY PHYSICS
(Tabular dollars in thousands. HNarralive material in whole dollars.)

1. TJitle and location of project: Tevatronm I, Fermi National Accelerator 2, Project Mo.: HBI-L-21R
Laboratory, Batavia, [llinois
3. Date A-E work initfated: ISt Qtr. FY 1931 B. Preyious cost estimate: §82,500
Less amount for PEADN: a
3a, Date physical construction starts: d4th Qtr. FY 1982 Net cost estimate: THZ, 500
Pate: Octoher 1984
4. Date Constructiom ends: 4&h Otr, FY 1987 6. Current cost estimate: $84,000
Less amount for PERD: ]
Net cost estimate: 48,000
Date: October 1985
7. Finarncial Schedule: Fiscal Year Authorizat fon Appropriations dbligations Costs
1981 $ 2,000 $ 2,000 $ 2,000 $ 1,211
1982 18,000 14,100 14,100 4,182
1983 18,000 18,000 18,000 11,845
1984 20,000 20,000 20,000 29,517
1685 21,300 21,300 21,300 19,794
1946 4,700 8,233 8,233 13,000
1987 0 367 367 4,481
8. Brief Physical Description of Project

This project provides for:

1. the endification of the superconducting Tevatron accelerator ring so that it can be used as a 1 TeV proton on |

Tev antiproten colliding-bean storage ring;

2. two experiamental areas to previde facilities for simultaneocus high energy physics experiments; and

3. the construction of am antiproton production, caoling and accumulation system.
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CONSTRUCTION PROJECT DATA SHLETS

1. Title ond location of project: Tevatron |, Fermi National Accelerator 2. Project No.: BI-E-Z18
Laboratory, Batavia, Illinois
B. Brief Physical Description of Project |continued)

Additional satellite refrigerators are required to operate the superconducting Jevatron ring near the full energy of
1 Te¥ because superconductars, as they approach full magnetic field, will make the transition from the
supercanducting to normal state with decreasing amoumts of energy deposited in them. Thus, extra cooling will
prevent quenches of the superconducting ring at #ull energy, Additfonal rf cavities and other gpectal devices are
required to simultaneously accelerate and store pretons in one direction and antiprotans in the opposilte direction,
and to optimize the collisfon configuration.

Two experimental areas to house high energy physics colliding beam detectors will be an fntegral part of the

Fermilab Main Riny tunnel. The design of the axpertmental areas will allow the rapid efficient introduction of large
detectors into the beams. To accomplish this, there will be separate detector assembly areas, The project also
provides an overpass for the conventional magnet ring, to deflect it over the detector at one of the experimental
areas,

The Fermilab scheme for production and collection of antiprotons uses the present accelerators, up to and fncluding
the main ring conventional magnet synchrotron, plus two additional new storage rings. The first of these is the
debuncher ring, operating at 3bout 8 GeV energy, which will have a large acceptance for antiprotons and will ba used
to debunch the beam as ft comes from the antiproton production target. The second ring 1§ the accumulator which
will be used for cooling of the antiproton beam after it emerges from the debuncher, and for accumulating the
antiprotons. The term “cooldimg of a partfcle beam” means reducing the enerqy spread of the beam., This cooling is
particularly important far producing 2n accelerator quality beam from the dilute beam of secondary particles
emergfng from the antiproton production target, The accumulator will collect the antiprotons from about ten
thousand targeting cycles. It then increases their density by stochastic cooling until the antiproton beam is
intense enough to transfer into the Tevatron ring, where it will ba accelerated and drought into collision with a
counter-rotating proton beam. The project includes construction of the debuncher ring, the enclosures for the two
rings, 3ssociated beam tramsport enclosures and the target station.

The research detectors reguifed far experiments will be funded as capital equipment items. The major detector for
the B-Zero Area s being fabricated over the period from FY 1981 through FY 1986. Substantial participation and
financial assistance is being contributed by the Japanese, and also by [talian collaborators. The total CCE fumding
contribution for this detector s currently planned to be about $35,000,000. Nork on a major detector for the D-
Zero Area began in FY 1985, Effective analysis of the large volumes of data to be generated by the TeV [ will
require an upgrading of Fermilab camputing capacfty and capability.
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CONSTRUCTION PROJECT DATA SHEETS

1.

Title and Tocation of project: Tevatron I, Fermi fMotional Accelerator 2. Project Mo.: Bi1-E-21A
Laboratory, Bataviz, 11linois

9.

10.

Purpose, Justification of Need for, and Scope of Project

When protons amd antiprotons are stored in the superconducting Yevatron rimg and brought into coliision, the
reaction epeargy availabie for particle production will be about 2000 GeV. This 5 almost 50 times greater Lhan the
reaction energy which is available at Fermilab when 1000 GV protons strike 3 fiacd target, although the interaction
rates of the colliding beams are much lower than those of the fixed target program. This reaction energy will be
sufficiently high to produce the W and Z intermediate vector bosons, which are the carrisrs of the weak nuclear
force, hwd to study their properties. The data from experiments done at Fermilab and at other high energy
acceleratars have shown that the proton behaves as though it were made up of constituents. Past experience has
clearly demonstrated that extendfng particle physics investigatiens Into new, much higher rcaction encrgles has
proven to be of {mmensuo sclentific value. A compelling scientific expectation is the 1ikeliheod of discevering
totally uncxpected phenomena at this new world record reaction energy.

Details of Cost Estimate

1tem Cost Total Cost

a. Engineertng, design and iespection at 17% of constructisn costs.. $10,100
b- construction Costsll.ltlﬁll.l.l.’l.'llIIOCHIO‘IQ|IOI..ICIO|.-IQ"' 60,100
1. Cenventional construciion..cicssevcconssanssnssoascnsssnnanaallae $24.3n0

2, Experimentd) areaS .icissansmvenremsbinsseetsvbitsfoandss  blly 80D
b. R‘ng and heam line ‘hnus{ﬂg‘llﬁldoono#noool+o¢--lccof.touﬁ 1?,700
i 5‘!061‘31 f'ﬂc1]1tie5b51élé!!-.l(-lll-.lll_lll!l%'.‘tsll—dlhll‘Llhlglhltl gs'wn
2, Antiproton SeUFCE.yeeensessressnnosrisssessinsanssacannan 23,500
b; Atceitr‘d;;lf‘ t.‘"pone’ntsl-titlii—riiviiillffiil.i!fivioi#fi! 12.30"
c. Contingency at 28% OF above COS{S5:iasusssnsersrnssssnssssecsssaess 13,200
T e R e e B e o i e i o B T e, s b o e B ne ow ) =l B e mm

Method of Performance

Destgn eof facilities will be hy the operating contractor and subcontractars as appropriate. To the extent feasible,
construction and procurement will he accomplished by fixed-price contracts awarded on the basis of competitive bids.,



CONSTRUCTION PROJECT DATA SHEETS

Y. Title and Tocation of project: Tlevatron 1, Fermi Mational Accelerator 2. Project Mo.: Bl-E-218
Laboratory, Batavia, I1){nois

12, Tunding Schedule of Project Funding and Other Related Funding Aequirenents

FY 1981 FY 1982 FY 1983 FY 1984 FY 1985 FY 1986 FY 1987 Total

a. Total project costs:
1. Total facility costs:

fa) CGomstruction line ftem... 51,211 182 $11,845 §£29,517 519 794 $13.000 § 4,451 § B4,000
Total facility COStS..... SI,211 n‘m LB 9,517 §19.70 w 384,000
2. Other project costs:
(a) Olrect RAD operating
costs necessary to

conplete construction... 2,221 3,337 13,268 21,262 7,000 1,075 0 48,163
(b) Capital equipment in
support of RED..,..ve... 621 368 702 357 293 2 341

Total other project costs

Total preject costs
(Items 1 & 2)cv.ovues .. $4,053 § 7,887 325,815 $§51,136 327,087 514,075 $ 4451 134,504

b. Total related incremental annual funding requirements (estimated life of project: 20 years)
1, Facility operating CostScuciscecrisssnatvcsssnnsnmeansnms o Alplalslein 4 lroraiea siew disfd nS kAT palele 33000
2. Programmatic operating expenses directly related to the facility.ccciincrcosncecoraannonanan 2,500
3. Capital eguipment not related to construction but related to the programmatic
effort 1“ t“e fac‘]ity‘-l‘iﬁil..ﬁ. stéunosnsostossPrasirpipoistbasncsdscsssoessassisssnnas *rI=Fe2e00 3'w0
‘I Gpp AIP pMFGMt‘1c cogtﬂs'!‘-ll.-q'i"l‘l!!lv!..!OOI"I.ll.l..‘.bi!!l.t- ........ IEE R R ENNNNENENE ) wn

Total other related annual fundifg FreqUIremMENtS e cimecsscscassnssansssnaattrnnanann P - ﬂtﬂﬁﬁ

*Reference item 13.b. for explanation.



T<s

CONSTRUCTION PROJECT DATA_SHEETS

1. Title and lTocation of project: Tevatron 1, Ferm] Kational Accelerator 2. Project No.: Ol-E-218

Laboratery, Gatavia, 111inois

13. Harrative Explanation of Total Project Funding and Other Related Funding Requirements

a.

b.

Total project funding:
1. Total facliity costs

(a) Construction line item - explained fn $tems B, 9 and 10.
2. DOther Preject Fumding:

{a] Dbirect RAD operating costs ~ Studies of stochastic cooling techaiques will continua. RAD on the
antipreton production target system and the accumulater ring a2re now in progress. RAD on other
elmients of the project, to eptimize performance and mintmtze tha costs of various subsystems, will
cantinue throwgh the late stages of construction.

(b} Other project-related costs - The items included in these costs are magnets, power supplies,
electronics and other gemeral equiprent te Support z.2{(a) above.

Tatal related annual funding requirements - Tt is assumed that after Tevatren [ ccmes into operatian
approximately one-half of Fermilab accelerator operations time will be for colliding beams. This means that the
fixed target experimenta) areas widl not be operating one-half of each year. During the colliding beam
operating perfed, there will te 8 net reduction of power consumption at Ferzilab of about 15 Megawatts compared
te running full time for Fixed target experiments, which carresponds to a savings of about $3,000,000 over six
months at current power rates. Yhe programmatic effort in the facility will require approximately 30 additional
peaple, and addttional material and supplies are required to effectively operate the facility. The acquisition
of research detectors for Tevatron I will be made with capital equipment funds. In the future, it is
anticipated that major detector upgrades will be required about every three years, GPP and AIP funds will be
required as experience 1n operating the new antiproton source and utilizing the Tevatron as » storage rihg
indicates specitic arces where improvements would be more bemeficial.



DEPARTMENT OF ENERGY
1987 CONGRESSIONAL WUDGET REQUEST
CON I
" GENERAL SCIENCE AND RESERACH
HIGH ENERGY PHYSICS

(Tabular dollars in thousands. Narrative material in whole dollars.)

1. Title and Tocation of project: otanford Linear Caollider (SLC) 2. Project No. B4-ER-133
Stanford Linear Accelerator Center (SLAC)
Stanfard, CA
. Date PEAD Initiated: 2nd Qtr. FY 1900 5. Previous cost estimate: 3$114,272,000
Less amount tor PEAD: 2,272,000
3a. Date physical constructfon starts: 1st Qtr. FY 1944 Net cost estimate; $11Z, 000, 000
Date: Octoher 1983
4, Date Construction ends; 2nd Qtr. FY 1987 6. Current cost estimate: $117,672.000
Ltess amount far PE&D: 2,272,000
Net cost estimate: m
Date: November 1584
7. Financial Schedule: Fiscal vear Authorizations Appraopriations Dbiigations Costs
1684 § 32,040 $ 32,000 $ 32,000 $ 22,04
1885 60, S00 60, 504) 60,500 49,552
1986 21,924 21,924 21.924 39,00
1987 976 576 976 3,754
Total FIIE, 400 115,400 115,400 §115, 400
B. Brief Physical Description of Project

The SLAC Linear Collider (SLC) is a new type of electron-positron colliding beam facfiity which s an impertant step
toward reducing the cost of very high energy electron-positron colliding beam devices to permit extension of the
upper 1imit in energy above that which is at present fiscally feasible. The SLC will be constructed an non-
gavernment owned property at the Stanford Linear Accelerator Center (SLAC) which is lecated on Stanford University
property. Its operation is based on the acceleration, in the linac, of an intense positron bunch and an intensg
electron bunch to eneryies of approximately 50 GeY each, At the end of the linac, the two bunches are injected in
opposite directions into two arcs of magnets, arriving at a colltsion point where an effective interaction enerqy of
approximatelgelﬂn GeY Is achfeved. After the collision point, the particles are disposed of and not used again.
Because the beam 1s used only once, the magnets itn the ring can have small aperture and, hence, low cost. Compared
to storage rings, the single pass collider systew operates at a relativily low repetition rate but makes up for the
low coYlision frequency by the extremely high current densities which can be achieved at the collision point.
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CONSTRUCTION PRASECT BATA SHEETS

le

Title and location of project: Stanford Linear Collider (SLG) £« Project Mo, pa=-fER-133
Stanford Linear Accelerator Center (SLAC)
Stanford, CA

B

Erief Physical Description of Project {continued)

The niein components of the SLC are the enerqy upgrade of the SLAC linac; a transpoit system from the end of the
Tinac to the small aperture magnet arcs; the magnet arcs themselves whfch fnclvdes the special focusing systems
required near the imteractice peint; the necessary beam housing; an experimental hall and staging area: a high power
pesitron production target at the 2/3rd POint of the Jinac; a positron booster; 3 transport systea froe the positron
targex back to the injection end of the linac; a higk pedk% current etectron gum, two small storage rings. called
damping rings. to reduce the emittances of the electron and Posftron beams by radiation damping; pulse cowpressors
to raduce the length of the bunches in the storage rinys before injection back inte the linac: and the necessary
1astrumentation and contrel systems.

Since the SLC fnvolves a new type of colliding beam system, its operatiowm %\d the function of the varieus components
are des¢ribed belows A bunch of potStrons tontaining aYBrwnmate‘iy 5 x 10°Y particles is injected Snto the SLAT
linac, A single i.1tese electrom burnich, alse of 5 x 18°Y particles, 15 injected nto the Tinac approximately 29
meters behfnd the posftron bunch. A second electron bunch is injected dehind the first intense electren pulse.
This second electren bunch s used for the production of a new positron bunch. The first two bunches are accele-
rated in the tinac to an energy of abeut 50 GeV, At the end of the 1fnac a splitter takes the leading intense
positren and the first electron bunch and staits thegt around the two @agnet arcs im opposite dfrections. Tlhe
function of the arcs 15 to transport the electron and ¢esitren bunches to a collisfen area where they collide
head-on. In the collision area a collection of special lenses fecuses'the beaxs to a cross sectiom of about 2 micron
diameter at the collfsion point. After the Beams pass through each ether at the collision point they are disposed
of and not used again.

The second electron bunch. which travels down the 1inac behind the electron and positeon bunches, is deflected out
of the tinac at the two-thirds point an¢ is directed omto a positren groduction target, Positrens frem thfs
preduction target are boosted to am energy of around 0,2 &V by a short section of iinac and transperted by a
separate magnetic-optical syste® back te the {njector end of the main Vinaz, Ihrere they and two new electron
bunches from the electren gun/injectfon system are beosted to an eacrgy of approximately 1.2 GV and put into
damping rings. In the damping rings tie size of the beans decreases throwgh symchrotron radtation damping to the
appropriate value for re-injection into the main 11nac. Yhe damping time for pesitrons is longer than th:e approals
mately $ miltiseconds between pulses of the collider system and, therefuore, this ring nust store two bunches
sioultaneously. The positron bunch wnich ras been stered for the lomgest time Vs toe one which 1s elected from the
damping ring and injected into the 1ipac for the snext pulse. During the tine the .2 Gev eositron beam is traveling
back to the injector end of the 1inac. the high current elactron Gun produces two short pulses of electrons.
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CONSTRUCTION PROJECT DATA SHEETS

1. Title and location of project: Stanford Linear Gollider [SLG) 2. Project Mo. GA-FR-133
Stanford Linear Accelarator Canter (SLAC)
Stanford, CA
8. Brief Physical Description of Project {continued] E T s
These are timed to arrive at the injector just after the .2 GeV positron bunch. A1l three bunches of particles are
accelerated tn tandem throuvgh the first 100 M of the Vinac to 1.2 GieV energy. The positron bunch 15 switchpd to the
positron damping ring and the two electron bunches into the electron dampitng ring. AL the start of the next cycle
one of Lhe positron bunches and the two electron bunches are extracted from the damping rings, compressed
longTtudinally to a leeagth of ahevt ! mm and injected inte the linac. This fotal process is then repeated over and
over agatn at the repetition rate of the linac.
9. Purpose, Justification of keed for, and Scope of Project

Tho 5LC has two soals. First, it will develop and serve as a first test aof a new colliding heam technigue, This is
a critical step toward achisving electran-pesitron collisions at much higher center-gf-mass energies at lower cost
per GeV than the technology used up to now -- that of the Collfd?ng Beam Storage Rings {CBSR). Second, the S5LC will
increase the center-of-mass energy available for electron-positron experiments by a factor of about three above that
now availahle at existing electren-positron CBSR's, The relatively low cost of the SLC, itself, 15 achieved hy
virtee of the fact that 1L uses the existing 2-mile Pimac.

The highast eneryy electron-positron colliding heam 5torage rings now in existence are the PEP Profect at SLAC and
PETRA at Mamburg, West Germany with center.of-mass energies of around ¥-40 GeV respectively. The next step in
circular calliders is the LEP machine. now besng buil¥t by CERN physicitts and emgineers, which will achiewe a
pmaximum center-af-mass energy of about 120 €Y, initfally with conventional radioc frequency (RF) and subsequently as
high as 240 GeV with superconducting RF. The version with conventional RF is estimated to cost about 1 billion
Swiss Francs 1n 1981 value, not fnciuding labor costs.

In order to make use of the existing single linac at SLAC, the SLC has two arcs of magnets to guide the electron and
positron bunches in different directions from the limac to the collision point, At the planned 50 GeV beam energy
level the synchrotron radiation emttted tn these magnets has a ncgtiygible effect on the total power required to
aperate the facility, while allowing it to be based on & single Tinac rather than two Jinacs. This project will mat
only provide critical input for a new accelerator technology, which promises to reduce costs for Tuture generations
of alectren-positren machines, hut will 2lse contribute te a hettar understanding of the physical warld through the
foportant new experiments which it will make possible.
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Title and location of profect: Stamford Linear Collidar [SLC) 2. Project Mo, 83-ER-133
stanford Linear Accelerator Center (SLAC)

Stanfard. CA

Purpose, Justificatlon of Keed for, and Scope of ProJect {continued)

From recent sresearch, 3 new theoretical concept has esterged which interprets both the weak aid electromagnetic
forces as different manifeststions of one basfc force. 1hts concept is a farm of gavge theory; the simplest foim 1is
the “"standard nodel” of Weinberg and Salam. A1l of the variants of the Bauge theory have ene OF more lreavy
particles which interact with tke olectron-positron system fn the same basfc way as does the ordinary zera mass
photon, It 1s the interaction of this heavy gauge particle {Z%} and its charged companions (W% and W7) that 1s
responsible for the properties of what s called the weak Interactien. The gauge theories have had such success fn
explaining agparently unrelated facts that they are gencrally belleved to be carrect.

Jhe SLC is destgned to have,.2 total energy large enough tc copwusly produce the neutral gauge particles, resulting
in many hundreds of events per heur. Tre decay or these Z°'s into quarks, leptons. and perhaps other more exotic
paitictes, will give a vast amount oF information abeut a broad spectrim of basic physics questions ranging from the
nuerber of etementary buitding blocks which make up our morld, and to the condltions 1n tke early universe when ft
was only a few seconds old. 7he first evidence for the gause particles has beet found at the CERMN antiprotan-proton
cotiider, but production rates are so low that experiments aon this machine can give only 3 small fraction of the
important, detailed information that can b2 obtained from the SLC.

Furds for detection apparatus to be used far high energy physics experfasents with the € are included in the
capital equipment budget. Equipnent funds are bein® used to upgrade an existing detector {Mark [I) previously used
for lower enefQy experiments at PE£P and for 3 new detector designed specifically for SLC physics. The Mark 11
upgrade {5118} will be ccapleted in FY 1998 so as to be available far physics research witen SEC comes into operation
early in FY 1987. Work on the wew detector, called SLO, was inttiated in ¢Y 1985, SLD is espected to be completed
by FY 1990, with a tatal ODE cost of abeut $40M.
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CONSTRUCTION PROJECT DATA SHEETS

T. TitTe and Tocation of preject: Stanford Linear Collider {SLC) 7. Project Wo,

Stanford Linear Accelerator Center (SLAC)
Stanford, CA

d4-Eh-133

I, Oetails of Cost Estimate

Ttem
A. E0&] (Excludes previously lunded Plant Engineering & Design
EBR]) B 201 of conStruction ¢ostS, 1em B, cuvvivevrevinneroncnnnarans
Bi COI'IStI"IJCtiOI'! CDSt! B PSSR PR AL L ANAEESEAADSORNINNNIAAIALEESaSRANANSERNRS
1, Site Werk, Utilittes, and Structures Inciwding a) Cxperimental Hall;
b) Callider Housing, and ¢) Linac«Collider Connection Tufinels..... $ 25,500
2. Accelarator camponents: a) Electroa and Positean Sources: b} Energy
Uporade; c} Coldider Arcs; and d) Focusing, Daping and Control
System; (A RN R RN EEEERLENENERENREEES BLEERERENEIENNE NN I.CIIIILIIIC‘-'ll-l_ll‘IIl mISOD

C. Standard Equ’mnt tC"BHQSJ B Y Troupeay e PG ) R Y
. Contingency € approximately 14% of above costs ..u.ivirvsnsrernnsncnnans

{. TDtB] sssssppEENTamE LER NN F RN EE NN RN dEs s T as s I EN SIS RN SERINEREREED

Tntal Cest
$ 16,500
84,008

40e

14,500

$115,400



COKSTRICTION PROJECT DATA SHEETS

1. Titie and location of project: Stanfora Linear

Stanford Linear knterator Canter [suc}

Stanford, CA

11, Method of Performance

Destgn of conventional facilities will be eccomplished Qy subcontracts.
the operating comtractor (SLAC).

Design of tecimtcel oopponents wil) be by

12. Funding Schedule of Project Funding and Other Related Funding Requirements

A.

Total Project Cests:

b1

e

Total Fecility Costs:
(8) Constructfon Line ILeN ..eevsaseves
B RERM . g ol s ¥ ond e N
C) fxllelISe FUﬂded EQUIMEnt s 0+404000¢
d) Inventortes .....c..ccicnceveniaeaan
Total Oirect €oSts ..cvevvencen.e
Other Projact Costs:
(a) R3D Kecessaty to Cmgiete
cn"str“tion LR E FEN RN ENENZITXENZENEZXZENX]
(b) Other Praject Relzted Costs:
(1) R&D Related Capfital Equipnentt
Total Other Project foding ., ...

Total Praject Costs (ltams 1 & 2)

Prtor

Yoara

§ 2,272

¢ To the extent feesible, construction procyrement and installetion will be
accomplfsiied by fixed-price svbcontracts awarded oo the bpsts of competitiva bidding.

FY 1984 FY 1985 FY 1986 FY 1987 Tota?
$23,094 $40,582 £39,000 t 3.754  $115,400
0 0 0 Q 2,272
0 0 ) 0 0
(1] 0 0 0 0
. 5.5 B P % 7 S § 7 -
412 0 0 0 1,062
0,779 703 T U ﬂ.ggl
$33,373 $56,.565 $03,086 $ 3,754 $139.050
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CONSTRUCTION PROJECT DATA SHEETS

1. Title and location of project: Stanford Linear Collider (SLC) 2. Project No. BE-ER-133

Stanford Linaar Accelerator Cenmter (SLAC)
Stanford, CA

12, Funding Schedule of Project Funding and Other Reiated Funding Requfrements

B. Other Related Incremental Annwal Costs in FY 1986 dollars (Estimated life of project: 10 years)

1.

Capital equipment not related to construction but related to
the Fl‘ogl‘amm&til: effart in the rEC1]1ty ?4Md4ssendtthtacsnendbrvsacaanirNaannasnbaanEEEEE RRWSE -

Facility operating costs {including incremental power costs) ...... T R xS i S TR PR .ve $13,600

Programmatic operating expenses directly related to tha facility c.ccvicvecrcorenrssrvasnenss 2,500

500

GPP or other comstruction related to progresmstic effort in the facility .eeeseeriancnnnnnnes 490

Total related incremental annual costs iR FY 1986 dOT18FS tccescetrsocinnarcaannnnnnsennnea $17,000

13. Narrative Explanation of Total Project Funding snd Other Related Funding Requirements

A. Tetal rFacility

ConstFucktion Line ltem {no narrative reguired)

(b} PEADT- The SLC §s a totally mew kind of colliding beam system, and although the basic technology

involved 13 well understood, the project has bencfited immeasurably from Piant Engineering and Design
(PE&D) funding ta mere firmly establish component costs and conventional facility costs and schadules.
The project was provided with $200,000 of PEAD funding n FY 1930, $750,000 in FY 1981, $907,000 #n

FY 1982, and $315.000 in FY 1983, The FY 1980 PESD money funded a preliminary geclogical study of the
site, preliminary tunnel and experimentzl hall design. and the study of alternative site layouts. The
FY 1981 PEED funding was allocated to more detatled structural design (Title [) of the linac/collider
and connecting tunnels., la June 198], SLAC retained the szrvices of Tudor Eeyinecring as an A/E firm
ta perform Title | and Title II design on the SLC project, The FY 1982 and Fy 1983 PEAD funding
sypported completion of Title T and partial Title I} design far SLC conventional facilities.



COMSTRUCTION PROJECT DATA SHEETS

T.  Title and location of project: stanford Linear Collider (SLC) 2. Project Mo. BA-ER-133

Stanford Limear Accelerator Center (SLAC)
Stanford, CA

[3. Narrative Explanation of lotal Project Funding and Other Relateé Funding Requirements [continued)

{c) Expense Funded Equipment - none anticipated for this project.
{d) Inventories - no inventories are antfcipated for this project.
2. Other Project Funding

(3a) RAD Necessary to Complete - funds provided in High Energy Physics Research, Accelerator Research and
Development.

(b) Other Related funding Provide the capital equipment and plant funding needed in support of the R8D
effort.

B. Total Related Funding Requirements:
e programmatically useful lifetime of the facility is estimated to be about 10 years,

1. Facility operating costs include the incremental costs of accelerator operations, experimental area

operations, and related research and development efforts. These costs are for salaries, electric power,
materials and supplies, with the dominant cost element being the electric power charges,

2. Programmatic Operating Expenses Directly Related to the Facility - this estimate is for high energy physics
research to be performed by SLAC in-house physicists or physicists from the user communfty.

3. Capital Equipment Related to the Programmatic Effort in the Facility - this estimate is for general capital
equipment needed to support research at the facility. It will provide for upgrading research detectors, data
recording and analysis instrumentation and miscellaneoys laboratory finstruments. It does not provide for
any major detectfon system.

4. GPP or Other Construction Related to Programimatic Effort - this estimate is a general “level of effort"
which would provide foe minor structures and utility extensfons as well as modifications and {Emprovements
(AIP) of the facility to maintain its scientific effectiveness and productivity.

5. Other Costs - no narrative required.
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(Tabvtar dollars in thousands., Narretive material in whole dollars.)

T. TitTe and Jocatisn of project: Central Lomputing Upgrade 2. Project Wo.: B6-R-104
Fermi Natjonal Accelerator Laboratory
gatavia, Il1tnois
3. Date A-F work initiated: Ist Otr., FY 1906 B, Previous cost estimate: $23.900

. Date physical construction starts: 2nd Qtr. FY 1986

Less amount for PE&D:
Net Cost estimate: $23.900
Date: November 1984

Current cost estimate: $24,100

Less Mount for PESD: )
4. Date construction ends: 4Lh Qtr. Fy 19688 Met cost estimate: $24,100
Date: August 1945
7. Financial Schedule:  Fiscal year Ruthorization Appropriations 06Tigatiens Costs
1986 $ 23,900 ¥ 7,968 £ 7,968 $ 2.000
1987 0 14,157 14,157 g,000
1988 (] 6,976 6,975 13,100
Total 25,0 724,160 T, T00 YT, 100

frief Physica) Description of Project

The proposed preject is comprised of twe perts:

3) Thu acquisitien of a mejor computing capacity and capadtlity upgrade, including additional central processers,
additional disc aad tape storage devices, and additfonsl interfaces to support both online user terminals and
access to special purpose data processors designed for the particular reguirements of high anergy physics data

analysis,

b} A buildiny to house the upgraded central compirting system and support persaonnel.



CONSTRUCTION PROJECT DATA SHEETS

1. Title and location of project: Central Comguting Upgrade 2. Project No.: 8p-R-104

Fermi Netional Accelerator Laboratory
Batavia. 1Viinois

9, Purpose, Justitication of Need for, and Scope of Project

a.

b,

Central Computing System Upgrade

Fermilas’s central computing facility serves a wide variety of meeds, the major ones being the analysis of data
from experiments, theeretical physics calculatfons, accelerator design calculations, and siress analysis and
magnetic field calculations used in the design of magnets and other equipment. A large c¢entral cosputing
facility has proven itself to be tha most cost effective selution to these computtng needs 1n terms of hardware
and software support, utilization of peripherals, and flexibiiity of computer configurations. The Fermilab
central computing faciiity represents the only majar facility of this kind which s accessible to the U.S.
vniversity participants fn Fermilabk experiments fur the analysfs of their data, At present the Fermilab central
computing facility consists of three Cyber 175 computers. A lease-purchase contract for additional hardwote
will tncrease the tetal capacity to the equivalent of seven Cyber 175's in the period FY 1984 - FY 1986.
Howeyver, an evaluation of the projected computing load has indicated that another increase in the cowputing
capacity of at least a factor of five will de needed in FY 1986 - FY 1987. This Increase in load ts primarily
due to the large additienal data analysis requirements of the new colltding beam detectors for Tevatron 1. The
computer system upgrade requested here will owet these new heeds, and will be chosen to provide the basis for
growth durihg the remalinder of the 1980's as the accelerator intensfty fmproves and the experiments are refined,

Building to house lpgraded Central Computing System

Sioce 1973 Fermilab's central camputing system, tape sturage, and on-line computer maintenance have been housed
in Wilson Hall, Growth in subsequent years has now Yed to a degree of congestion which fs severely affecting
the efficiency and reliabtlity of these operations. Since additicnal sps¢e fn Wilson Mall to house additional
computfng hardware 1s unavailable, ft is proposed to move these activities to a separate buflding specifically
designed for this usage, where i1t will also be much easter te provide proper security for the very high value
equipment which ts involved.
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CONSTRUCTIOK PROJECT DATA SHEETS

1. Title and Jocation of project: Central Computing Upgrade ?. Project No.: Ba-R-104
Fermi National Accelerator Laboratory
Ratavia, I1Vinais
10, Details of Cost Estimate
' Part A Part B
Computer Upgrade Tlding
Total Cost Item Cost Total Cost
3. Engineering, design and inspection at 2.3% of Procurement and
Installation (Part A) and 10.6% of construction cests (Fart B).. $ 300 $ 700
b. CUﬂStrUCL*.n cost%......... ------------------------ atrecdrBrary 6'8‘0
1. [Improvements to land #ncluding road parkmg & landscaping.. n
2! m‘l]dlngiiiﬁ““?li!lllll-I-ml.--illg-i'!l‘!ll.cd-’ilb.!!!‘I’!ll-l"l 6ld0.
3. 8asic SErUctUre...ccescens cane $3,800
B, Mochanfcal.....ceeeuicimuncn veae 1,600
(- EH.'CT.I‘"]CQ‘....... BaradrEtERFES = wu‘
d. Conveying System [Elevator).... 100
3.‘ uti"itiesiiyi‘fqﬁ.lqggannll--l.--Ilnlll----iiliillllllll!’li‘!' lﬂn
4, Procurement.,ssossssecamsannnsnnns R o Jar T 13,500
5, Insta]tatim s¢ssmmss eraxsmaan tt it it I FERTIVSABES U BIEEEN RN AT E T 200
Slfbtot-ﬂl.-------i--;ir-yip@-g.-.ﬂ;..-...-n.- aEsERsEA R LB 3 ?uﬁ&
c. Contingency at approximately 11% of the above cost for Part A and
151 for Pal‘t Hoseq!ena-t------..-------' ----- drat s diAFREAIFEIaFEas IOSOO 11100
1ata] EStimated Cost by PartllI000l09I4§I‘OI§l-l lllllllll iIElSﬂO e [
Tota‘ Estfmated Cl:_lst._..‘,... --------------- FsdEedTREd T ESS

$24,100



CONSTRUCTION PROJECT DATA SHEETS

TitTe and location of project: CLentral Computing Upgrade 2. Project No.: B6-R-104
Fermi Rational Accelerator Laboratory
8atavia, i{11inois

Method of Performance

bDesign of convantional and special facilitias wil] be by the operating contractor. To the extent feasible,
construction, procurement, angd installation will be accomplished by fixed-price subcentracts awarded on the basis of
competitive bidding.

Funding Schedule of Project Funding and other Related Funding Requirements

FY 1586 FYy 1987 FY 1988 Total
a. Total project cests
1. Total facility costs
a. Constructfon Tine Jtem.......... & $ 2,000 $ 9,000 $13,100 $24,100
2. (ther project costs
a. Existing equipment relecation.... D 50 50 100
Total project COStS.ciuccunceses T $ 2,000 $ 9,850 $13,150 $24,200
b. Other related annual funding requirements (estimated 1ife of project: 25 years)
}. Building maintenance and eperating cost {including power)eiv.c cuvacienecanievnncnnnnnas . § 600
2. Programmatic operating expemses directly related to the computing facility....eesesuncan 12,000
3. Capital equipment not related to construction but related to the prograsmatic effort
in the Cl’.ﬂputiﬂg fatﬂitj‘ sassmssisstids it insanarndssunTRasTNEENImE TS EY IR LT E T Y 1.500
4, GPP or other construction related fa programmatic effert in the fucility.......n e e [
Total related annual funding requiremEnCS..s viesesccacnctsivssancnssnslaclacsslerennnan . $14,100
Less: Costs assgciated swith the aperation of the existing computing facility 1n {ts
present locAtioN...ieceicinannas tasemssmasnssarassusssennsennannsszssennaversorraners = 9,000

Net incrementd] annual costs resulting fram th& constructTOn of the aew building and the
operation of the upgraded computing facilit¥. wesscevucscsmmnvssssnnasannnasnsssasannsans Na. § 4,200



CONSTRUCTION PROJECT DATA SHEETS

1. Title and location of project: Central Computing Upgrade " 2. Project No.: B6-R-104

Fermi National Accelerator Laboratory
Batavia, Il11inots

13. Narrative Explanation of Total Project Funding and Other Related Funding Requirements

b.

Total project costs:
1. Constructfon Line Item (No Narrative Required)

2. Other project costs
a. Existing equipment relocation - the existing cemputing equipment presently located in Wilson Hall will
be rclocated ta the new building as construction 13 completed, at an estimated cost of $100,000.

Total related annval funding requirements. [t is estimated the facility will be used 25 years for its
programmatic purpose.

1. Facility operating costs. The major elements comprising the annuel operating costs are electricity fer
lighting and afr conditioning, natural gas Ffar heating and labor for custodial and maintenance,

2. Programatic pperating expenses directly related to the facility, The estimate given here is based on the
cost of the programmatic effort presently belng provided for the existing facility.

3. Capite) eyuipment nat related to censtruction but related to the programmatic effort in the Facility. This
represents an appropriate funding level for contral computer system enhancensents.

4, €PP - No narrative required,

5. Gencral - The net incremental costé to operate the upgraded facility are shown in ftem 12 at $4,200,000.
The present Fermilab central computing facility is currently operational in its Wilson Hall location and would
incur an 3nnual expense of about $9,900,000 in FY 1986. These costs would continue i1f the upgrade were not
undertaken. The incremental costs cover {tems such as additional personnel, hardware and software maintenance
charges, custodial, maintenance, and repair neods for the building, as well as wvtility costs. It has been
asswned that the electrical power cost at the new facility will he partially offset by savings at Wilson Mall.
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Karrative material in whole dollars.)

1. Titie and lTocation of project: AGs Accumulator; Gooster 2. Project Wo,: Bo-R-I05
Brookhaven Mational Laboratory
Upton, WY
3. Date A-E work initiated: ISt Qtr. FY 1986 B, Previous cost estimate: none
3a, Dote physical construction starts: 3rd Qtr. FY 1986 6. Current cost astimata: $26,480
Less amount for PEAD: 0
Ket cnst estimate: 576,400
4., Date Construction ends: 4th Gtr. FY 1989 Date: May 1985
7. Financial Schedule
Fiscal Year Authorization Appropriations Obligations Costs
1986 { 2,000 $ 1,915 $ 1,915 § 1,100
1487 24,100 3,500 3,500 3,500
1988 0 18,085 16,085 12,100
1989 0 4,000 4,900 q9,700
8, BRrief Physical Description of Project

The Accumulator/Booster (A/B ring) is a rapid cycling synchrotron that acts as a booster injector to the Alternating
Gradient Synchrotran (AGS) far both protons and heavy lons and as an accumulator and injecter for polarized protons,
Protons and polarized protons will be fnjected into the A/B ring at 200 MeV from the existing linac and accelerated

to 1.0 GeV for iajection inte the ARS.,

Heavy ions will be injected into the A/R ring and accelerated to a max¥mum
enerfgy which depends sn the particular heavy ifan, then stripped and injected into the AGS.

The transfer line tg

carry the heavy 1ons from the Tandem Van de Graaff to the AGS 1s under construction and will e fintshed ducing

FY 1985,



CONSTRUCTION PRBVECT OATA SHEETS

1. Title and locatien of project: Abs Accumul ator/Booster 2. Project Me.: B6-R-105
@rookhaven National Llaboratory
Vpton. NY

2, Brief Physical Description of Project

The Accumulator/Booster will have a citcumference of 201 meters which 1s equit] to 1/4 that of the AGS. This will
allow efficient, synchrenous bucket.te-bucket tracsfer of beam from the A/B ring tc the AGS. The balance of the
@achine §3 designed with the obfective of makfng % simple, relatively inexpenstve, capable of accelerating protons
to about 1 Ge¥. capable of accumulating polarised protons, awd capadlo of accelerattng hcavy ionms.

The lattice chosen is a FO00 arrangement with bending magnets missing frem every other ceil. The Accuamulalor/
Boocter wil1 utllize separated functicon magnets. 1his will minimi 32 end effecits fn a lattice which has such a small
packing factor. Magnetfc ffeld cycling requirements are up to 4 kG at 10 Hz irate For 1 GeV protoas and 12 kG at 1
Hz rate for hesvy 1om3. The heavy 1on acceleratlen aspéct 1s the determinfnd constraint on the magmet
specifications. The power supMy requireaents for both cases are almost 1dentical. The tune and aperture of the
ring are chosen to avoid depolari2ing resonances, to match te the admittance of the AGS, and to be flexible enough
to accommodate research and development ef devices and techniques for the acceleration and storage of polarszed
protons, To cover the 1on velocities of approyimately (.04 to 0.875 ef the speed of Tight, the rf system consists
of ttree cavitfes, one for gprotons and twe for heavy ions, each covering a different frequence range,

1he A/G ring will be housed in a ring building located in the vee formed by the functfon of the 200 kcv 1inac
buflding and the old 50 MeV 11nac building. This is very close to the A®S inJectfon system and near the end of the
tronsfer line from the Tandum. Jhe exfsting S0 MeY Yinac butlding w11l cetrve as part of the A/B ring enclosure as
well as hause all gower supplies necessary fer this project, 3t Will alse serve as an assembly and staging area for
ring elements prior to fnstallation 1u the tuanel. Most ef the ring will be located in a tunnel to be constructed
north of the 50 MeV 1i1mac building, and twe penetrations will enable the raradiining 75-teet to be fa the Tfnic
butldtny Ttself. For most Of the rin¢, the structvral concrete and five feet of earth. f111 w$l1] provide the
necessary radiation shielding.
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CONSTRUCTION PROJECT DATA SHEETS

1. Title and Jocation of project: AGLS Accumulator/Booster Z. Project Wo.: BB-R-105
Brookhaven National Laboratory
Upton, NY

9, Purpose, Justificatfon of Need for, and Scope of Project

The Accumulator/Booster will improve the performance and capabilities of the AGS far (1) normal proton operation,

(2) operatisn with palariaed protons and (3) operation with heavy fons, In each of these three modes of operatfon,
the increased capahility will have direct and immediate bemefits by making accessible areas af sclence not previously
accessible or by stgniticantly fncreasing the data collection rate for the experimeatal program already planned and
underway at the AGS.

(1) mormal Proton Research

Nhen operating for normal pfoton research, the Accumulator/Booster will be used to accelerate protons to 1.0 GeY for
injection fnto the AGS. At present injection is at 200 MeY. Injection at the higher enerqgy will increase the
space charge )agit for the cirsglating beam and resull fn an increase of the extracted proton beam intensity by a
factor of four to about & x 10°“ protons par pulse.

For over two dacades the Alternmating Gradient Synchrotroe has preduced a steady flow of important physics, including
major discoveries such as CP vinlation, the muon neutrino, the omega minus, the J/Psi, and the first charmed haryon.
Today this machine is still the center of & vigorous research pregram, with experiments studying Quantum
chromodynamics vir the sesrch for glueballs and hard scaitering exclusive reactions, searching for neutrine
oscillations, and pushing the limits of the wmost complete theory, quantus electredynmiics, by measuring the vacumn
polarization, In preparation are studies of extremely rare K decays via flaver chamging neutral currents, which
probe beyond the standard modg] to test very high energy theories like supersymmetry and technicolor. The iacreased
beam intensity provided by the Accumulator/Booster will enhance this entirg program but 18 of special (amportanca to
the rare K decay experiments.



CORSTIRUCTION PROJEGT LAYA SHEETS

1,

Title and location of project: NGS5 Accumulator/Booster 2. Project Mp.: B6-R=105
Brookhaven Natfonal Laboratory
Upten, NY

§. Purpose, Justificaton of Weed for, and Scope of Project [continued)

(2) Potarized Proton Research

When oferatfng for polari2ed proton research. the Accuniulator/Booster will be uvsed to accumul ate 20~30 1inac pulses
For subsequent jnjection into the A6S. This will increase the extracted polarimed proton beam intensity by the same
factor of 20-39. The polartzed proton Pean intensity which Is available initially at the AGS will be adeguate faor
tle initial round of experisments, but the follow-en exper:iments will be 1imited by the available bemn fntensity.
Msch higyher intensities are reguired to fully explore the physics of spin-dependent Phenomena ai AGS energfes..  The
Accumulator/8coster, with the present polarized proton source, will resutt in a bean intensity of about 2 x 10!!
protans per pulse.

The AGS has »een nwdified to allow the acceleration aof palarized pretons, Initial research operatien at low energy
occurred late 1n FY 1884. The pelarized praoten beam intensity whtich is available initiajly at the AGS will be
adeguate far the fnitial round of experiments, but the follow.on experiments Wil Ee liwited by the avafiable bean
intensity, The piojected factor of 20 improvenent will substantfally improve the quality and cost effectiveness ef
the presently planned experimental progran and aliow censideration of acw experiments whesre the increased bdeam
intensity would be essential,

(3) Heavy lon Research

¥hen operating for hcavy 1on research, the Accumulator/Booster will accelerate oartially stripped heavy ians frcm
the existing Tandem Yan de Graaff. The ions mmerging from the Accupvlator/Booster will have sufficient enmergy te
allow then to be fully stripped with iMgh efficiency befoie injectiosn into the AGS, Because af the vacuwn system
censiderations the AGS can only accelerate fully stripped heavy fens;: the maximam energy available frem the Tandem
itself is such that only Vight jons (sul fur and below) can be fully stripped. The trapsfer 3ine project which is
presently underwgy will make availzble at tde AGS beams of fully stripped tigh energy hedvy fons up to sutfur. The
Accupulator/Booster coupled with the Tandem will aﬁtend the Leavy ion capability of the AGS to include heavy %ons wup
to golc. The accelerated beam intensity of 2 x 107/pulse for Aw. as an example, is a factor of 10° greater tham
presently avaiiable at amy other machiae at anergies greater than i Ge¥/amu. For the paiticular example of Au, the
accelerated bean intensity is at the ¢ileculated space charge iimit of the A/8 ring.
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1. Title and Tocation of project: AGS Accumulator/Booster ?. Project WNo.: BB-R-105
Brookhaven Natfonal Laboratory
Upton, WY
10. Details of Cost Estimate*
Item Cost Total Cost
a. Engineertng, desfgn and inspection at 31% of construction
cost (17X of conventional construction and 33% of special
faci]ltfes‘)..........i.....‘...‘... -------- ssrevveesw oL a8 b2 $ ’ 5'100
b, Construction COSt..cecsssccsnmannsacinsi T LTy T o 1 16,900
1. Conventional Constructione..cevaccensssorrasranssscanns a-ale Bea Z2.000

TUnﬂE] ﬂnd Ut111t1050.-00s-10v00------------ s 2'000
2. Special Facilities and Accelerator Systeas.....cccervesesss 14,000

MﬂgnELS.....nuun-.-- ------------ tordra e 5,500

HGQHQI. power supp]ies ......... Tecvobsis RO 2’600

BEher SYStEms$ s ccissasiseross asanvelssnivarens 6,800
¢. Contingency at approximately 20% of above cost....... oo BT 4,400
Toeta) ostimated COStS.necacrcenscensnancen tusennsnsunys m.

*Based on Completed Conceptual Design.

1. Methad of Performance

Buildtng design will be on the basis of a negotiated AE contract and its comstruction will be 3 compatitively
obtained lump sum contract. Design, assembly, and testing of the special facilitfes and accelerator systom will be
done by the staff of the Brookhaven National Laboratory. Component parts, wherever posible, will be rabricated by
industry under fixed-priced c@mpetitiyvely-obtained procurement acttans.



CONSTRUCTION PROJECT DATA SHEETS

1. Title and locatien of project: AGS Accumulatorf/Booster Z. Project Mo.: Ho-R-108
8rookhaven National Lawmoratory
upten, NY
12, Funding Schedule of Project Funding and Other Related Funding Requirements EEE
a. Total project costs FY 1686 Fv 1987 Fy 1958 FY 1989 Totatl
1. Total facility costs
(a) Corstructien jire itém......... o $ 1,100 3 3,500 512,100 $ 9,700 $26 400
Total facilfty costSeuniiarnneaannn < 1.100 § 3,800 £12,100 % 9,700 $26,400
2. Other project costs
(a} RAD necessary to camplete
EONSLEUCERONR. Jf nol . i auE . 2ud 3 200 200 100 0 500
Tetal other project cOStS,.vsssess 200 200 100 1] 500
Tota]l project costs (Item 1 & 2)........... g 1,300 $ 2.700 £12 200 $ 0,700 $26 ,900
b». Other related amnual furding raqui renests (in FY 1987 dollars)
1 FaciTityieperatingd-=costen . AN wmy. 1 . oyl BN S 5 Sgror & 5 M orom & i 4 0 VN N othye « TN .. $1,100
2. Capital equipient not related to CONSErUCLION. ..o ivniniacareon racseceaasancasees S o, e 100

Total related annual fundfng requirements,.ciseve-..

3 1.200
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CORSTRUCTION PROMECT DATA SHEETS

1. Title and location of project: AGS Accumulator/Booster 2. Project No.: 86-R-10%

Brockhaven National Laboratory
Upton, NY

13, Narrative Explanation of Total Project Funding and Other Related Funding Requlrements

3. Total Project Funding

}. Total faciiity costs

{(a) Construction line item - explained in Items 8, 9 and lO.

2. Other project costs

(a) RAD necessary to completa consteuction - includes development of beam fnstrumentation, controls
concepts and computer software at a cost of $500,000.

b. Total related ampual funding requirements

1. Operating costst- There wil)] be an annual requirement for additional FTE's with additional matarfals,
supplies and support services associated with the physics program,

2. Capital equipment not related to construction but related to the programmetic effort in the facility - Thase

equipment funds will provide continual utilization growth of the fac{lity through the acquisition of:
detectors monitoring equipment, and controls improvement, and general purchase capital items for the

operating program,



DEPARTHMENT OF ENERGY
1987 CONGRESSIONAL WUDGET ﬁE%gEST
““FENERAL SCTENCE AND BESERRCH

HIGH ERERGY PHYSICS
(TabuTar dollars in thousands., Narrative material im whole dollars.)

T. TitTe and location of project: Accelerator improvements and wodifications, 2. Project No.: 87-R-101
various locations
J. Date A=t work initiated: Ist (tr. FY 1987 B. Previous cost Estimate: none
Less amount for PEAD: none
Ja. Date physical comstruction starts: 3rd Ofr. FY 1987 Net cost estimate: none
Date:
4. Date Constructton ends: ond Qtr. FY 1989 6. Current cost estimate: 311,500
Less amount for PEAD: 0
Met cost estimate: $11,500
Date: May 1985
7. Financial Schedule
Fiscal Year Authorfzation Appropriatfons Obligations CostLs
1987 $11,500 $11,500 £11,500 $ 4,700
1988 [ ] 0 i 5,900
1989 )] 0 1] Q00
B. Brief Physical Description of Project

This project provides for a variety of minar medificatiens, improvements and additions to the major high energy
particle accelerators, colliding beam devices and axperimental facilities. Funds of this type are necessary on an
annual basis to maintatn and improve the effectiveness of these facilities. The funds requested, which represant
less than 1 percent of the present value of the government’s investment in these facilities, produce a substantial
return in terms of more cost effective operation and greater research preductivity.



CONSTRUCTION FROJECT DATA SHEETS

1. Title and Jocation of project: Accelerator improvements and modifications, 2. Project No,: B87-R-101

vartous locations

B, Brief Physical Description 0f Project {continued)

The following are exaaples of the major itams of work to te performed at the varfous Tocattons:

Brookhaver NatTona] LaboraborYscuscescascnmesnsbisssnnonanipese sbnnbnmnsosnivissaiansaseacsvassnsenas S€a000.000

Funds are requésted fer modifications, imprevements and additions to the Alternating Gradient Synchrotron (AGS} and
1ts related experimental facilities, Items planned include: Replacement of precaccelerators with a high current RFQ
accalaratar: installation of a transverse and longitudinal damping system; upgrade of the linac tnjection system;
upgrade of primary proton target stations for high intensity, beam shielding, and improvements to the A6S control
system,

Fermi National Accelerator Laboratoryiciscssicareessrsnnicssaconosasnissscnimnmnnnnnnns e T e «.« 35,900,000

Funds requested are for modtfications, improvements and additions to the Fermilab accelerator facilities (which
includes the linear accelerator, booster synchrotron, wain rtng, Tevatran and antiproton source rings) and to the
switchyard, beam 1ines, target facilities and experimental areas,

Modifications to the accelerater facilities are expected to include: Low heta magnet and power supply systen
improvéments incorporating the improved supercondecting materials now available; upgrade of the Cryogenic
kccelerator including improved magnet and cryogenic systems; accelerator controls Improvements to provide for more
sophisticated control system3 for the Accelerator complex, including the Linac, Booster, Mazin Ring, Tevatroo and
Anti-pratron source; improved Instrumentation to cope with the increased demands made on the accelerator system by
antiprotron productton, colltding beanm operations and fixed targst operations.

Modifications to the experimental facilities are expected to include: Upgrading of beam Yine diagnostics and
control systems and heam 1ine tmprovements tncluding magnets, power supplies and enclosures to accommodate new
beam¥inas and experiments; additional shielding for the secondery beam enclosures im the experimental area;
provfsions for secondary beam energy upgrade; and modifications to provide lzproved test beam facilitfies.
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COMSTRUCTION PROJECT DATA SHEETS

Title and location of preject: Acceleratar improvements and modiffcations, 2. Preject No.: 87-R-101
varfosus locations

8,

9.

Brief Physical Description of Project {continuved)

Funde are requested Tor modificattoes, improvements and additions toe the SLAC 1i1near acceleratar and PEP colliding
beam facilitics, and tn the associated experimental facilities. Items now planned fer £Y 1987 include: Provide far
replacement of sub-baoster klystrans and associated modulators with microwave solid=state amplifiers; provide for
extended limac quadrupole focusing to control emtttance grewth; improve steering and position memitors: improvements
necessary to produce pollarized electrons and control vertical and horizantal polarization; provide upgrades to
instrumentation and control systems to improve operating efficiency,

Purpose, Justification of Reed for, and Scope of Project

Accelerater {mprovements are wssential on an annua) basis to maintain the short term operating efficiency and
reliability, and the research flexibility of the bigh eanergy accelerators, colltiding beam systems and related
experimental facilities, thereby maintaining or enhancing their level of scientific effecttveness and productivity.
Research advances amd facilfty requirements in high energy physiks occur at a rapid pace: further, each research
facility is a unigue assemhlage of very specialized, high technolagy compenents. Consequently, there s a
continuing need to modify facilities. frequently on a short time scale, in response to research needs ang to respond
to probleas that con affect the reliabidity, efficiency and economy of operation on a time scale shortes than the
normal two-ycar dudget cycle. The requested accelerator improvements and modificattons will provide greater
flexibility for experimental setups, increased performance levels, and incroased serviceabi)ity, thereby decreasing
facility downtime, improving the productivity, scientific effectiveness and cost effectivenpss of the U.5. program
in High Energy Physfcs.

Since needs and priorities may change, other subprojects may be substituted for some of those listed. Some of these
will be located on non-Government owned property,


https://short.Pr
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CONSTRUCTION PROJECY DATA SHEETS

1. Title and location of project: Accelerator fmprovements and modifications, 7. Project Mo.: &7-R=101
various locations

10, Details of Cost Estimate

a. Engineering, design and {nspection and component assembly and 1Nstallation.....ccceveeccccccrcsosnsers $11,500
TOti‘ EstimﬂtEd cost Cerre b dd PEP AT RERE N A FE RS gERIRENouCroubalbanounaunma (A RN EREAEERERNNELNEE ISR Sllgsw

The estimated costs of the programs at each laberatory are preiiminary and, 1n general, indicate the magnitude
of each program.

11. Method of Performance

Design will be primarily by contractor staff. To the extent feasible, comstruction and procurement will be
accomplished by fixed-price subcontracts awarded on the basis of competitive bidding,
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DEPARTMENT OF ENERGY
1987 CONGRESSTDNAL BUDGET hEHUEST
CONSTRUCTION PROJECT DA -
BENERAL SCIENCE AND RESEAMLCH

(Tabular dollars in thousands. Narrative material im whole dollars.)

1. Title and location of project: General Plant projects, various locations ~ 2. ProJect No.: BI-R-102
3. Date A-E work initiated: 1Ist Gtr, FY 1987 S, Previous cest estimate: none

Nate: none

Ja. Nate physical censtruction starts: 2nd Otr. FY 1987
. 6. Current cost estimate: $11,200

Less amount fer PEAD: 1]
4. Date Constructfon ends: 2nd Qtr. FY 1989 Net cost estimate: TIT,200
Date: May 1989
7. Financial Schedule Costs
After
Fiscal Year Dbligations FY 1985 FY 1986 FY 1987 FY 1987
Prior Year
Projects AXXRXXX $ 4,040 £ 2,300 $ 0 $ 0
1985 10,200 2,800 4,600 2,800 a
1986 9,957 0 2,100 4,800 3,057
1987 11,200 0 0 2,600 8,600
TE.500 3,000 110,700 11,657

8. Brief Physical Description of Praject

These projects provide for the many miscellaneous alterations, additions, modifications, replacements, and non-major
construction required at the Braokhaven Matfonal Laboratory, Fermi National Accelerator Laboratory and the Stanford

Linear Accelerator Center facilities, GPP projects focus on the general laboratory facilities whereas AIP projects

focus on the technical facilities.

The following are examples of the major jtems of work to be performed at the various Jocations:


https://projet.ts

CONSTRUCTION PROJECT DATA SHEETS

I. Title and Tocation of project: General plant projects, various locations 2. Project Wo.: B/-R-102
B. Brief Physical Description of Project (continuad)

Brookhaven Natienal Laboratory..eeeecas... swannaey B T EST SV Dyt - U B R SRRl e o i Sy PR {1
Buildtng Addition - Alternating Gradtent Synchrotron........ sEekimummpniesEmsakas | 5200
Water Controls Upgrade - Alternating Gradient SynchrolfON..iecescsssscsscsnnns Enes 200
Storaige Building Construction - Alternating Gradient Synehrotron......cceeeseccnas 350
Hﬂtel‘ S_Vstem lmproveﬂents - h]tErﬂat1n9 &adient’ SyﬂChr‘Otr‘Oﬂ“.-..-........nn..; 250
Rpp”ed SC'(GBC& Labor‘ntory COmIél‘SfOﬂ --------------- sewvedoatansnnnraTrrET Ry T 150
Increased Power Supply to Experimental Laboratofy...ssesessesssssssasacsannas 300
Sanitary Systesi Extension, Phase l....cevsevsavcanca o oA A S s P T B (e TE oot A B 900
Asbestos Rmo\'ﬁ‘. \‘ar‘ious PGl eSS s scans name s d ap Rapmd ss00ssosnvses esdb 000060 IR 800
Construction of Safeguards and Emergency Services Building..c...... sharasitictran $00
C’os“re for Fﬂmer mste msposa] s1teli -------- IEE RN REEEEENEERENENE RN E RENNEENE NS RN 300
Communicatiaon System [MProvement..issscesacscassanssasssnssssasensscasasessasaanans 200
Construction of Supply and Material WarehOUSE,...ucaveessssnesssanssnannsnsanns > 900
Repiacement of Water Main, Phase Jl..ceispsanensnccssnansnnsonconscasnnanannnnsaie 600
Yarious Projects {less than $100,000 each)........ SEwEear e PPN P GO e R o L, Py 300

Farmi National Accelerator LabOratOryesessesesssrsarsasonssssssaasssssnanases - vesnerrenanas $3,300
m“] R1ng m)ad ImFIPDVEﬂEﬁtS...........“ ........ Ed+ 020N L RO L AEtUATIALBFqO RS ENRS 350
SEW‘“ Bu1]d‘1ng Ivmpmve'n-En"SOICﬁltl.I't lllllll IEE R R R RN R ENENENENERERENENNJINESNEXRXREN] 500‘
Uti]'ty Imprﬂvmnts IIIIIIIIIII b4 henaidF et ddi0dsadt s sneanNesFPosonesasraansen 450
Addition to the Experimental Areas Operations Center......... ol e triea’ s &% e gLt P e 800
Meson Detector Building Improvements.....cvveeevecsacranonconocansns e R St [P B 450
Improvenents to Industrial BuildingSe.sescciecrcnnccaninnerecennsannonnsnnasanansns 500

Varimls Pro,je(‘.ts [IESS thﬂn SIW.wO eaCh)------ P e P20 dc v antsr el et r S ERY 250



CONSTRUCTION PROJECT DATA SHEETS

1. Titie and location of project: General plant projects, various locations 2. Project Me.: BI-R-102

B, Brief Physical Description of Project |continued

..

g&anford EMGHE A O IR LT CBWUR G 5 5 iniav ity b o s bom hm prgimi o iee  famdt il ie_ i i b om0t GO

Stanford Positron Electron Asymmetric BIng trestlE roeplacement...coveensscsnsncanss 100
Replacement of heating, ventilatfng and air conditfoning equipment....vecenvcusuness 400
Replacement of hot water SySLem pipingue.ccccsricancnenensnonsscansnanasnancnsnsenea 200
R.e'plaEEmE"t af Tnofll'lg at F.H.il)f hl.l”d'l,ﬂgs........“.ae.......‘r.a..-.....‘.....--........ 3"0
Addit‘i’nn tg min cmtr°1 Bu']dinglitt.lfiiilﬁil‘Qi(l.il-litii!lf!lIlﬁi’ﬁ.'i?l'.ﬁ!l' ’I}O

*These projects will be constructed at the Stanford Linear Accelerator Center on non-Government owned property.

Purpose, Justification of Need for, and Scope Of Project

General plant projects are requfred for the gencral maintenance, modification and {mprovement of the overall
labaratoery plant and tnclude minor new construction, capital alterations and additions, and improvements to
buildings and uti1lity systems. These are short-temm projects whose timely accomplishment is essential for
maintaining the productivity, increasing the operational cost effectiveness, and ensuring that necessary support
services are available to the research program at tie DOE-owned facilities., Siace it is difficult to detail the
most urgently needed ttems in advance, & continuing eveluation of requirements and priorities pay result in
additions, deletions, and changes to the currently planned swhprajects, No significant RID mprogram is anticipated
as 3 prerequisite for design and corstruction of the subprojects under consideration.

The Funds requested fer FY 1987 are estimated as follows:

Brookhaven Xatfonal LiliOl‘étOI")‘ P P I A e e e PO SR R R G P S E TR L ‘ G.OM
Ferml Mational Bccelerator LADOPatery ....ccivcecicistansrensrcstiarsnsasssibanannis 3,300
Stanford Lingar Accelerator Cenier ,.c.scevssssssassosisnannanneasstonssannnssctana 1,900

g

Totel ESEIMALAd ITOSE. i o ss:onwsds as tsn »ebs bE 55 st s K isos e g s sl ik eaaes

Since neceds and priorities may change, other suhprolects may be substituted for those listed and scme of these may
be lTocated on nen-Govermment owned Preperty.



CONSTRUCTION PROJECT DATA SHEETS

1. Title and location of project: General plant projects, various locations 2. Project No.: B7-R-102

10. Detalls of Cost Estimate -

See description, itent 8. The estimated costs are preliminary and, in general, indicate the magsitude of each
program. These costs include engineering, design and inspection.

11. Method of Performance

Design will be tractor staff or on the basis of negotfated architect-gngineer contracts. To the extent

feasible, construction and procurement wil) be accomplished by firm vixea-price contracts and subcontracts on the
basis af competitive bidding.
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