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DEPARTMENT OF ENERGY
FISCAL YEAR 1987 COMGRESSIONAL BUSGET REQUEST
SUMMARY OF ESTIMATES BY APPROPRIATIONS

(in thousands of dallars)

FY 1985 FY 1986 FY 1987
Actual Estimate Reguest
BA BA BA
Appropriations Before The Energy
and Mater Bevelopeent Subcommittees:

Erergy Supply Research and

DevelopMent . .c.cuceusanveascssens 1,967,490 1,696,298 1,254,162
Uraniem Enrieivient .oceevirenccanas 237,956 199,512 -
General Science and Research ...... 724,860 655,928 173,400
Atomic Enargy Defense Activities .. 7,322,321 7,231,654 8.230,000
Depal‘tmcnta] M.’rﬂﬂi Str‘ation FEEETES 128’602 15‘-319 1513082
A]as&ﬂ PO‘NE( WMMSU'BUOH FE kB EE R 3|23] 3.245 21%1
Benneville Power Administratiaon ... 284,771 330,000 276,100
Southeastern Power Administration . 35,744 - 19,647
Sauthwestern Power Administration . 31,208 29,191 25,337
Mestern Area Power Administration . 218,230 195,910 240,309
Nestern Area Power Emergency Fund , e -— —
Federal Energy Regulatovy

COBETSS TN v, v arwiv o 90s s 8w &7t o B e 54,543 41,989 20,325
"UGIEE?‘ H&St@ FUﬂd maRamasmEidmEERSE 32?.559 499!037 769'349
Geothermal Resources Oevelopnent

Fund ad 8RNI E3LERLES ARREAZASAARRLEAES 121 59 ?E
Subtotal, Appropriatioms Before the

Energy and Water Cevelopment
Subcommitlees ...c.ccvmencnnanas £11,335,748 $11,024,162 311,767,664




GEPARTMENT OF ENERGY
FISCAL YEAR 1987 CONGRESSIONAL BUPGET REQUEST
SUMYARY OF ESTINATES BY APPROPRIATIONS

{in thousands of dollars)

Appropriations Bafore Interior
and Related Agencies Subcommittees:

Alternative Fuels Production .......
Clean Coal Technology cccsvearasanas

Fossil Energy Research and

Pevelopment .......... & DR e e
Naval Petroleum and 011 Shale

Rezarves ...... = S T e
Energy Conservation ....sceenecsanes
Energy Regulation ......ccscuea, .
Esergency Preparedness ....... Aea e
Strategic Petroleum Reserve ........
Energy Information Activities ......

Sebtotal, Interior and Related
AgeHCies mcmitteEs [E N EENIENNEN]

Subtotal. Emergy and Water
Development Subcommittess ........

Subtotal, Department of Energy .....

Permanent - Indefinite Appropriations:

Pam“ts tﬂ St-ﬂt!s rrf bRt ansnnmemn e

Tatal, Departiment of Energy ........

FY 1985 FY 1986 FY 1987
Actual Estimate Reguest
BA A BA
§ 1,169,895 1 - s -
289,048 311,954 82,767
156,874 13,002 127,108
457,436 427,512 | 39,433
27,139 23,423 21,850
6,045 8.750 6,049
2,“9’550 107,533 s
60,919 57,724 59,651
4,216,906 946,698 136,853
11,336,748 11,024,162 11,762,664
15,553,654 11,971,060 12,099,517
1,052 570 570
$15,554,706 $11,971,630 $12,100,087




DEPARTMENT OF ENERGY
FY 1987 ConGRESSIONAL STAFFING REQUEST
ToTAL Work ForCE

FYL198S FY1984 FYLI987 FY1987
FTE CONGR =FY8é CONGR

USAGE  REQ REQ
ENEROY & WATER SUBCOMMITTEE
HEADOUARTERS 4,885 4,965 -18 4,947
FIELD 9.133 9.185 111 9,298
SUBCOMMITTEE TOTAL 13,998 14,150 93 14,243
INTERIOR SUBCOMMITTEE
HEADQUARTERS 1,353 1,304  -146 1,139
FIELD 907 898  -226 470
SUBCOMNITTEE TOTAL 2,260 2.200 -392 1,808
GRAND TOTAL 18,258 16.3%0  -299 16,051
ADJUSTMENT -132  -198 =330
ADJUSTED TOTAL 16,258 16,218 =497 18,721



DePARTHMENT OF ENERGY
FY 1987 CoNGRESSIONAL STAFFING REQUEST
TotaL Work FORCE

FY193% FY1986 FY1987? FY1947
FTE COYGR  -FYaé CONGR

USAGE REQ REQ
10:ENERGY SUPPLY RESEARCH AnD DEV 337 936 =15 900
HEADQUARTERS 411 aze -28 792
FIELD 126 116 -6 108
1S1URANIUN ENRICHMENT &9 éh 1 67
HEADQUARTERS 58 g8 1 9%
FIELD 11 11 0 11
20:GENERAL SCIENCE AMD RESEARCH 17 39 0 39
HEADQUARTVERS 37 39 o 39
2335AT021C ENEROY DEFENSE ACTIVITI 2,618 2,702 131 2.83)
HEADCUARSIERS $56 318 9
FIELD 2,122 2.l8¢ 122 2.30¢
S0:DEPARTHMENTAL ADMINISTRATION 3.307 3.382 -3 3,327
HEADQUARTERS 1,721 1,226 0 1.726
FIELD 1.58¢ 1.606 a5 1.600
J4:ALASKA POWER ADMINISTRATION 37 38 L 33
FIELD 3? 38 0 38
J6:ADNNEVILLE PONER ADMIM 3,310 3.480 ] 3,480
FIELD 3.510 5,480 0 » 680
381 SQUTHEASTERN POWER ADMIN 38 40 © 40
FIELD 38 41 [ 40
¢2:SOUTHHESTERN POWER ADMINM 184 184 0 186
FIELD 184 184 [ 186
46 :WESTERN AREA POWER ADMIN 1.181 1.160 0 r160
FIELD 1.181 » 169 ] 1.160
SO0:WAPA - CDLDRADD RIVER BASIN 219 219 ] 219
FIELD 219 219 0 219
52 :FEDERAL ENERGY REGULATORY COMM 1.617 1,659 ] 1.659
HEADQUARTERS 1,617 1,659 0 1,659
54 : NUCLEAR WASTE FUND 238 292 o 292
HEADQUARTERS 123 147 9 147
FIELD 118 145 Q 145
56 : GEOTHERMAL RESDU!C!S DEV FUND 2 1 a 1
HEADQUARTERS 2 1 a 1
“651 FDSiIl EN!IGY RESEARCH AMD DEV 714 7D0 ~161 339
HEADQUARTERS 151 138 =24 149
FIELD 565 565 -135 ¢30
TR RAVAL PETRGL 4 OIL SHALE RES 106 104 -3 9
HEADQ 23 23 0 23
FLE a1 a1 -9 2
75!ENER6Y CONSERVATION 3313 52 ~134 218
HEADQUARTERS 208 227 =79 148
FIELD 12% 129 - 55 70
801 ENERGENCY PREPAREDNESS 76 7 0 71
HEADQUARTERS 76 71 ] 71
81:ECONOMIC REGULATION 77 140 ~-30 290
HEADQUARTERS 377 3140 -50 2%0
AS:5FRATEOIC PETROLEUM RESERVE 178 152 =32 120
HEADQUARTERS 40 27 -5 22
FIELD 138 125 =27 94
90: ENERGY INFORMATION ACTIVITIES 530 §81 -6 479
HEADQUARTERS 530 §al1 -6 479
94: ADVAMCES FOR CO~-OP WORK 2 2 a 2
FL1ELD 2 2 0 2
CRAND TOTAL 16.254 16,350 =299  16,05])
ADJUSTNENT =132 =198 -330
ADJUSTED TOTAL 16,258 16,218 =497 15.721



DEPARTHMENT OF ENERSY
Prepcsed Appreopriation Language
Energy Supply, HAesearch and Development Activities

(Including Transfer of Funds}

For expenses of the Department of Emergy activitigs including the purchase,
construction and acguisition of plant and capital equipment and other expenses
incidental thereto necessary for enérgy supply, research and development
activities, and other activities in carrying out the purposes of the Department
of Energy Organization Act (Public Law 95-8]), including the acquisition or
candemnation of any real property or any facility ar for plant or facility
acquisition, construction or expansfon; purchase of pascenger moter vehicles
(not to exceed [17] 18 for replacement only), ($1,989,671,000] $1,254, 152, to
remain avallable untiT expended [of which $208,000,0001; in additinn.
$584,158,000 shall be derived by transfer froe Yranium Supply and Enrichment
Activities provided in prior yearsD, and of which $17,400,000 shall be derived
by transfer from Operation and Maintemance, Southeastern Power Administration;
and of which 325,000,000 shal) be available only for construction of 1:
frovided, That funde avaitable under this head in Publig Law 99-141 for the
Advanced Science Lenter, the Lenter for science and lechnology, the Center for
Energy and Biomedical Technolegy, the Energy and Minmeral Research Center, and
the Demonstration Center for Information Technologies [as described in the
report accompanying this Act; together with not to exceed $6,000,000, to he
derived from reyanues from activities of the Technical Information Services,
which shall be credited to this account and used for necessary expenses and

shall remain avatllable until expended], shall be avallable for other expanses
of energy supply, research and develnpg%gt activities. (Pubiic Law ﬁﬁ-;il.

making appropriations for energy and water development, 1986.)



DEPARTMENT OF EMERSY
FISCAL YEAR 18B7 SONGRESSIONAL BUDBET MEQUEST
SUMMAEY OF ESTIMATES BY APPROPRIATICH BY MAIOR AZTInITY
EHEAGY SUPPLY WCSEARGH AND DEVELORENT
Rudget Authority in Thowsands of Bollars]

FY 14 7 1986 Fr 1987
Actzyl Estimaty Aegjuesi
S AT ENBERY- 45 0ui im ot &4 s e 5low $ 371,587 § las.gH $ n.w

aeothormel ..qicossssssiunnasassnnnn 29,698 25,681 17,930
HydTODOWEY sesuscnsssssnronasnsssses 47 aar =nm
Electric Energy SYStO® .occvavarans 19,717 11,548 T.618
Enmergy Storage SyStems .....ssesceas 14, 642 17,292 §,008
Hutlear Eoergy RAD (uviieennsnanreesn 412,612 374,684 130,900
Rempdial Action & Waste Techsaiofy . 170,065 2,047 W, 10
Civt1{an Maste PO oavirevmnnnnsies 75,895 18,064 $,5%0
Emiromentsl, Safety awd ¥emlith ... B 063 8,921 76,098
Blolegical a4 Envirowental

RASBAMEN vcvssranccssaronansasanss 187,76 119,850 95,565
Liquitied Gasesus Sp11l Test

Farllit? cusuvevnvausarianccansnne 4,299 1,732 1,200
Hagngtic Fuatian ..csassrrenasssasone 423,653 355,469 33,000
Ba51C ENBFGY SCIENGEF svsrranaaasnss 410,500 4,170 41,17
€nergy ReSearch Amalyxls .......ce.. 2,970 2,558 3,550
Univarsity Researck Instruventation. 4,95 6,254 5,000
Gniveraity Regaarch SUPPOrt ..ueauue 10,59 0, 296 10,975
Advitory dnd Oversight Progran

DIrELEION wuuvnscaniansbsnsansssss 2,90 2,874 2.9
Paiti-Prpgram Laboratories

Feilities Smpport cvauveiincnenns 1,200 39 824 60, 190
Smal] Business Tnnovation Research

Pregral .vececcressasasiionanancen 4,724 - -
In-House Energy Mansgemenl ...caieus 10,821 11,709 6,500
Technizal Infernation and

Manag@men? ..., ceceecsseariracanan 13,442 2,413 10,775
Policy and Manpgemant ... .ecccissans 3,80 3,487 3, B&7

Subbtatal, Energy Sepply RED ... 2,029,630 1,939,579 1,699,951

Less Use of Prior Year Balances and
Othar AQSUSLEROE covensanssnncanss =62 ,400 -243,830 -545, TR

Totz?, Tnergy Saprly AME. . .icauuee, $1,967,490 31,696,298 $1,254,162




SUPPORTING RESEARCH
AND TECHNICAL ANALYSIS



DEFARTHENT OF EHNERGY
FY 1987 CONGRESSIONAL BUDGET REQUEST
LEAD THBLE
BASIC ENERGY SCIENCES
Energy Supply Research and Development - Operating Expenses
Energy SUpply Eesearch and Development - Plant and Lapital Equupment

abular dollars in thousands, MWarrative material in whole dollars,)

FY 1985 FY 1936 FY 1337 FY 1987 Request
fppropriation Appropriation Base Request ys Base
Rasic Energy Sciences
Materials Sciences
Operating Expenses.......... $132,227 $134,248 134,248 $156,231 $+22,683
Capital Equfpment...ccenveas ;g.ggg ;é.g;g }é.gig 1§,SDU + 3,521
CONSTrUCCIMN. . cusasisssosiss ! 2 .BGU ‘18.373
SUDIOIS] I EEERI T EES NN ENE] m m m §I§E|3§l s"‘ i.E EI
Chemical Sciences
.Der‘atlng Bp?nseSin FRsasb 73,592 73.123 78,1?3 86.“19 + 8,296
Capital EQUiPMENt......ceu.. 5,840 8,506 8,506 9,555 + 1,049
CORBETUCE TGN L ¢ o b taelaincamerials 5,550 5.609 5,609 5,430 - 179
SUBTOEAT S & o en i b i w5047 9z,982 92,238 92,238 101,808 ~ + 9,166
Nuclear Sclences
Operating ExpensesS.......« os 39,641 41,445 41,445 48,913 + 5,468
Capital Equipment....cccusus 2.9 §,45? 2,457 2,930 + 473
Construction.cicenavssassees 300 25l 1,251 150 = 1,101
KDL LA, ¢ s aw b bt o@ 47,301 15,153 a5, 153 40,963 4 4,580
Applied Mathematical Sciences
Operating ExpPens@S......eean 34,467 37,928 37,525 32,785 =~ 5,140
Capital Equipment.,iscessras },500 1,030 1,030 1,100 + 70
EUﬂBtI‘uct"IOnn.“._.uu, smsasrn ¥ ‘,}Ell ‘.EI! 0 > ‘..811
RAEMEN Ly say 4 andasspihs ce. 35,967 13,766 43,766 33,885 - 9,881
Engfneering and Geosclemces
Operating Expensa$..ceescans 26,085 29,571 25,571 29,412 + 3,841
Capital Equipment........... 1,500 1,443 1,443 1,750 + 307
Construction.ciiecese.s e g 0 7 .698 7,098 0 = 7,598
Subtetal.ccverasncarnsnsnen !:'ﬁg 33,:!2 EI,HE si.I;E - 5,555
ddvanced Energy Projects
(perating Expenses..cevivss 10,048 7.286 7,286 8,932 + 1,646
Capitﬂ Equipmeﬂt-:ioinitiit 320 J08 308 330 + 22
Subtotal.sicccascvsvencnrns Iﬁ,m 1,5;1 J .ng g,EEE + I,EEE
Biological Energy Researcha
Operating Expanses..cccuvans 12,3680 11,960 11,360 14,638 + 2,578
Capital Equipment..cccccrees 560 515 515 @10 + g5
Constructionesssnvivessnnonrs Q 5,773 §.373 0 - 5,773
Subtutd]..-.........uu-u 12,920 18,248 IE.:IE 15,148 > 3,100
PEOQram Dicection
perating ExdensesS...ceancss 3,830 3,490 3,449 4,125 + 626
subt»utﬂ?---:ny!s#!'-u!.‘!;::; ' ‘- § Egg I i§5 "' -EEE
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Fy 1985 FY 1986 FY 1987 FY 1987 Request

Approgriation Appropriation Base Request vs Base
Total
Operating Expanses....... $337,250 £340,057 $340,057 $380,055 $+39,93%8
Capital Equip@entsswsssae Eé.lgg gg,g?g g?.g;—g 31.;?5 +3?,5§§
Constrecttian......... b im B 29,540 . -37.9
Basic Emergy Sciences...... 3A10,800%/D/S/5033, 7700/ 9/ 8/3033, 770%/ &/ $001, 3705/ T5 7,600
Staffing Total FTE'Seeeenes 63 69 53 63

Buthorization: Section 209, P. L. 95=91

%" Total does not fnclude §3,350,000 transferrad to SBIR progranm.
B/ Fy 1985 total reflects a reduction of $2,940,000 for ADP genaral reduction.
S/ Totals reflect a reduction of $11,655,000 1n FY 1985, $10,110,000 In FY 1985,
and $11,000,000 in FY 1987 far management initiative savings.
9/ tota) reduced by $17,041,000 in accordance with F.L. 99-177, the 83lanced Sudget and
Emergency Deficit Control Act of 1985 {Grawm/Rudman/Hollings).
8/ p deferral of $38,489,000 is being proposed.
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DEPARTMENT OF ENERGY
FY 1987 CONGRESSIONAL BUDSET REQUEST

SURMARY OF CRANGES
Basic Energy Sciences
{dollars tn thousands)

1986 Apprﬁpriation fnact@d---a--o'-oﬁlibnoﬁl!|§+§9blbsl+osogteoliios)i 545ﬂ3811
1936 Grﬂ“m‘aﬂdma“ PEGUCt1Dﬂ ------ maswairrdeassddedridrareaitbeitavaieny = 11 0“1
153& &djustedili---'..--iv9ilb-hiiibi!l'i#!ll!!!!i!EOII*!!F!Q!OEQECioi ISE,::ﬁ

Pragram tncreases and decreases:

Maintaing the key eloments ef the research efforts underway,
Hew research must come at the expense af ongoing PrOgramS.s.sesss  +25,994

Essential facility suppart camtinued (1.a.. safegquards and
security, electric power, tnventories, etc.}; facility dewand
“1]! cantinue to Exteed cﬂD&b1]1tf ¢eiitnbnieadrivad i EANacaaTOE + 3550“

Research and development funding provided in support of the next
geperation of facilities needed to continwe U.S. leadership
1“ iey sc1eﬂt1ric areﬁ51ltiliiltbibii! AN ENEREEENEERIENRNENEDSENESHN] * 5'500

Permits principal capital equipment cemaitments for normal
replacements and facility requirementS..c.oescscascncsaessnsacanans + 5,537

Provides censtructton funding for ongoing projects nearing
camptetion and for architect esgineering and 1ong-lead procurement
for the 1-2 GeV Synchrotron Radidtion SOUrcCe.......cevsvuenr senes =37,935

15‘#? bud‘gﬂt muest---- llllllllll dhveasa 2 i e b iédiF 4R RERdEEEET PO FAHO NN EF sa41,370
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dveryiew

For FY 1987, the request for the Basic Energy Sciences (BES) program is $441,370,000:
$380,055,000 in operating funds, 331,775,000 in equipment funds, and $29,540,000 in
construction funds.

Support for long range basic research is an important responsibility aof the Federal
Governmemt. The extent of private sector activity in this domain has been limited
mainly to & few large corporations with sufficient breadth and ability to Support the
facilities and infrastructure peculiar to basic rasearch. The private sector
activity, however, has heen daclining while industry is, at the same time, turning
mora and mere to Federal laboratories and universities as sources of new ideas. Thus
the BES program, a primary source of Federal funding for basic research, is finding a
new and dynamic role in the conduct of RED in the U.S. today. This rale includes
continuing the desiga and construction of expensive, unique major research facilities
and support of their pperations. MNational security, LS, leadership in science and
technology, and training technical manpower all are effectively served by a con-
tinuing vigorous basfc research activity.

Kew technologies and improvements 1n existing technologtes result from tha innovative
application of new sclentific knowledge and concapts. It ts crucial for the U.S to
mafntain 1ts sclentific base; this requires continved funding of basic research
serving the different energy supply and conservation options as well as WS sclence
in general. It has become increasingly important for the WS. to disseminate
research results to the private sector and to participate in the effective
axploitation of these results to benefit the WS. economy. In FY 1984, for example,
a major new materfials initfattve was stirted that aot only attempts to deal wtth
advanced materials reseaech, but also with more effective com@unications and
interactions with U.5. industry and training new researchers.

Basic Emergy Sciences has a heavy involvement in large scientiffc facilities (e.q.,
the High Flux Beam Reactor and Natfanal Synchrotran Light Source at Brookhaven
Natfonal Laboratory, the Combustion Research Facility at Sandia-Livermore, the High
Flux Isotope Reactor and the 0ak Ridge €lectron Linear Accelerator at Gak Ridge
Natfonal Laboratery, and high voltage and atomic resolution microscopes at several
sites}). Mamy areas of modern science require large and costly facilities! without
them, the necessary advanced research coutd not be done, The large, expensive,
unique facilities {n the 8ES program are made avallable to the entire U5 sclentific
community to the extent that funds permit. BES aise is providing advanced state-of-
the-art competational support for several Energy Research programs other than
Magnetic Fusion Energy (which is directly supported by the Mational Magnetic Fusion
Energy Computer Center (NMFECC)): High Energy and Nuclear Physics, and Biological
and Envirenpantal Research. Computatianal support, pravided through the Applied
Mathematical Sciences subprogram reties on an enhanced class V] computer system
installed dering FY 13985 at Lawrence Livermore National Laboratory; it 1s accessidle
through a nationwide data communications netwark funded jointly with Nagmetic Fusion

Eaergy.

The BES research program includes over 1200 projects; more than half of them are
funded at the natienal ladoratories. The rematnder it carried out at universities
and business and government laboratories. The research supparted is salected on the
bases of sclentific merit, potential for increasisg our technological base, and
relevance to ultfmately meeting the nation's diverse needs for eanergy, To carry out
ths program, BES plans, supports and administers erergy related research im the
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physical, biological, mathematical and efigineering scfences. New scientific informa-
tion tn these areas addresses the Administration's qoals by providing the Fundamental
scientific and engineering base an which the Mation's future energy options depend.
The strategy continues to be to:

Provide critical knowladge and data by supporting basic research in DOE
mission areas;

Prowvide for, and support eperation of, unigue, specialfzed research
facilities;

Exchange information with other DOE programs, federal agencies. and the
acadesic and industrial sclentific communities;

Take full advantage of the scientific and fndustrial comnunities'
tdenitification of needs and opportunities for research In areas tikely to
be relevart to future energy options; and

Dovelop trained scientific talent through sepport of basic resgarch at
universities and pational laboratories: and

Promote early applications of the results of basic ressarch.
implementation of this strategy raquires:

Haintenance of a strong core program -- this calls for continuity of A
support for scientfsts involved 1n eur current program activities, and the
training of new, yournger scientists;

Continued operation of existing, unfque facilities important to research in
the U.5. while at the same time providing Tor new facilities and for theie
operation; and

Creation of opportunities for expleiting new, emerging areas that are of
potential importance to energy.

The program support provided to national laboratories can be divided into two major
categortes. A large portton 15 asseciated with suppart of national user facilities
far which access i5 provided 30 the entire scientific comgunity. The nationa)
laboratory serves 25 the host organization and selects and arranges for visitor
participatfon, provides nscessary specializad equipment and staff, administers all
activities necessary to keep the facility operating, and performs necessary facility
research and improvements necessary t¢ continve its operation at the forefront of
science,

The sacoad mator component of the national laboratory program Is the support of
research which takes advantaga of the unique envirommant which exists at these
institutions. B8y the very nature of the national laboratortes and their traditianal
focus, the natfonal laboratories are especialiy valuable in doing research which is
applicable to & number of erergy concepts. The interactions possible are very great
because laboratory scientists are frequently fnvoived in all aspects of the applied
enargy programs. In adaition, the stability of the srganization and specialized
capabilities which exist at the laboratories in many instances are ummatched. As an
example, the unique computer capabilities at the natianal laboratories are among the
best in the world., The same can be said for neutrom research capabilities at ORHL,
ANL. and BSL. The programs supported at the laborataries are designed to exploft
these unique capahilities, and programs are supported for which & long-range commit-
ment must be eade to achisve the desired results,
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Many of the scientists involved in BES research programs are faculty or studemts at
universities. Their research is enhanced through access to special facilitias at
national laboratories. More than one-thtrd of BES funding supports untversity-based
rgsearch, The list of universities recelving support covers almost every state and
inciudes partictpation by both large and small institutions,

The 8ES program supports numercus special grants and research contracts in which
costs are shared by universities, Their contributions are provided through a number
of mechanisms, e.g., salaries to investigators, summer student assignments, provision
of factiities and/or equipment, etc. An important benefit resulting from supporting
research in universitiez 1s the research training of graduate students who continue
in RED after completion of thefr studies,

In addition to universities and national laboratories, BES maintains ties with
industry. Representatives from different industries serve on counseling committaes
for several of.the BES subprograms; experts from industry participate in the review
of research proposais and use the specialized facilities sponsored by BES: industrial
scientists participate 1o program advisory coamitiees at the national laboratortes;
and industry representatives are invited to attend BES conferences and workshaps on
special topics. Through these and other mechanisms available to, and used by, the
sciantific comamunity, the results of BES supported research are available to industry
and to the academic community.

The WS has been the world leader in science and technology and has derived many
economi¢c benefits from 1ts leadership. The Department of Enerqy and fts multiprogram
Taboratories play an important role in the nation’s scientific enterprise that is
essantial for our preaminence. A central feature of this role has been the
construction and operation of large, specialized sciemtific facilities that are used
by sctentists from universities and industry as well as the national laboratories.
Nany of the scientific facilities in our multiprogram laboratorles are old or are
becosiing old and their scientific productivity will soon become margtnal. [n order
to maka further pregrass in certain fialds, new, more powerful facilitias ara
required.

In the past faw years, the Department has given special attentfon to correcting
deficiencies at 1ts laboratories 1n anvironment, health, safety, security,
safequards, muttiprogram demeral purpose facilitias and other such areas. WHowavar,
less attention has been paid to improving the essential scientific facilities
required to accomplish the main scientific mission of the daboratories, f.e.
preeminance in certain key fields of research. Four factlities have been 1dentified
by the scientific commumity as being the most critical to the future needs of the
Department's basic research programs. The four facitities, all of which will be
located at the Department's multiprograa laboratories, are: 1-2 GeV Synchretraon
Radiation Source - Lawrence Berkeley Laboratory; 6 Ga¥ Synchrotron Radiatioa Source -
Arganne Mational Laboratory; Advanced Steady State Research Reactor - Qak Ridge
National Laboratory; and Relativistic Meavy Ion Callfder - Brookhaven Natfomal
Laboratery. This latter facility 1s budgeted in the Muclear Physics Program. The
FY 1987 request includes a start teward devalopmaent of these facilities for the
Nation.
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FY 1987

Fy 1935 FY 1986 Rgguast
Materials Sciences
OPEﬂlﬁﬂg E&Fenseiliiiiabiiﬁiltiiil A ERER] ”3?.227 513‘,2‘3 5156.931
caﬂi‘ta] Equimnt.;;;;;;a-;.-a BE A A EPAELR 15;‘5' 11.979 15.500

COMSERUEETON, 4 a4 st gigmmen @5 4 s lEoewslinges 36 580 42,333 23,960
Total Materials SEi1encmS....veverunesa $108,257 o $196,30]
The Materials Sciences suhpragram has as its goal ta provide the Agency and the
Natian with an increased level of understanding in the science of materials, which
will contribute to meeting the needs of present and future energy technologies,
Knawledge or lack of kmowledge tn matartals science and technology plays a crucial
role in the development of energy systems or other high technology industries. The
field of matertals science 15 fmportant because {t pushes forward the frantiers of
knowledge and teadns new scientists in subjects which are highly interactive with
industrial topics, Materials problems and limitations often rastrict the
performance of current energy systems and the development of future systems. A few
examples of such problems and limitatioes include: degradation of mirror materials
and low coanverston efficiency photoveltaic materials for solar emergy; degradation
of materials properties due to Yrradiation In fission and fusion energy systems;
thermal and pechanical instabjlicies of matarials for heat engines; and corrosion and
compatible materials for containing auclear waste.

Nany studies and reviews im recent years have pointed to both the jmpartance of the
(ield of materials science and te the opportunities and high quality of the
research. Most notably these stidies have beea conducted by tha National Academy
of Sciences and the Energy Research Advisory Board. The Congrass has also
expressed great interast 1n materials research and this past year sponsored a
workshop on the subject, [n all of these studies and reviews, the Naterials
Sciences subprograa has played a Key national role.

While each Federal agency conducts materials research to meet its own particular
objectives, caordination across agencies is readily accomplished through estab-
11shed cosmmittees and interactions. In the area of basic materials research, the
Materfals Sclences subprogram ceordinates tts research most directTy with the
National Science Faundation's (NSF) Materials Research Division and the more basic
programs #f the Department of Defense. The unique aspect of the Materials Sciences
subprogram is the focus on energy related research and the usg of advancad
dlagaostic technfgues made possible dy state-of-the-art research facilities
supported by this subprogram. These activities complement the NSF and other agency
programs and are needed to carry out the mission of the DOE. As an example of how
the DOE pregrams cemplement the work at other agencies, the DOE program is very
significant in radiation effects, corrosion-erosion related to fossil emtrgy
gystems, sotar phatoveltaic materials, or suclear waste isolation matarials,
whereas the NSF program tends to be much mare generic znd tends to focus almost
exclusivaly on small=scale sciense with limited invatvement af major facilities,
The Materials Scfences subprogram also has large efforts in facility-related
research such as neutron scattering, synchrotron radiation research, and

electron microscepy, compared to the relatively sital) efforts (n the NSF

progras.

The Materials Sciences subprogram has traditionally provided most of the

development, construction, ang operational suppert of large fac{lities for the
tata)l national materials pregram. Use of thase major facilities 1s open to all
quaiftfied researchers. A recent survey of these collaborative ressarch centers
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under the purview of the Materlals Sciencas subprogram has shown that they accem-
modated about 1100 users. The users came fram DOE Jaboratories {21 percent),
universities (48 percent), industry (14 percent}, and the remainder {rom other
grgantzations. The replacement cost fer these facilities 15 estimated at over
€500,000,008, The Materials Sciences research funding at these Facilities inm

FY 1985 was about $20,000,000 with another $14,000,000 being attracted from oukside
the Materials Sciences subprogram.

The FY 1987 request inclutes the fallowing ameunts for the Materials
Sciences subprogram: $156,931,000 in gperating funds which provides support
For the operation of facilities and research of all types:; $15,500,000 in
capital equlipment in support of the research objectives and $23,980,000 in
construction which will permit continuatfon and/or completion of ongofng
projacts at Lawrence Barkeley Laboratory (LBL) (Center for Advanced
Materials); Breckhaven National Lahoratory (BNL} (National Synchrotronm Light
Source); and Stanford University (Stanford Synchrotron Radiation
Labaratory); A=E and long lead procurement activities for the 1-2 GeV
Synchrotron Radiation Source at Lawrence Berkeley Laboratory; isitiation of
a new construction project, the los Alamos Neutron Scattering Experjmentaid
Hall, plus funds for Accelerator and Reactor Improvements and Nodifications.

The opportunitias available tO the fiald of matertals science cemtinue to outpace
the rescurces. Hew methods for characterizing materials and new materials
structures are being uncovered. As 3 result, the time §s right to exploit these
apportuntties and make the advances needed 0 solve outstanding sclent$fic
questions and technological problems. Coupling the experimental and theoratical
advances with improved ability to prepare new materials wil) open up opportunities
to design materials from fundamental principles and overcome or circunvent knewn
and anticipated energy related materials problems.

Some of the problem areas and needs to which the Materials Sciedce resaarch
ultimataly contributes 1nclude:

o Developing new or substitute materials
o Talloring materinls 4o satisfy defined reguirements
o Predicting materials problems and service life

0 Improving the ability tec suctessfully attack unforeseen macerials probiems
in advanced energy systems, and

0 Improving the theoretical and experimental capabiltty to analyze the
fundamental structure of materials

To wmcover the new knowledge and information to meet these needs, Naterials
Sciences, comprised of the subfields of metaliurqy, ceramics, salid state phystes,
and materials chemistry, places emphasis on selected genaric areas of fundameptal
importance and on areas where problems are known to exist or are dnticipated. Some
research i$ dfrected at @ single enerqy technology {e.g., photovoltalc matertals
for solar energy converston), some research would have applicability to many
technologias simultaneously (e.g.. embrittlement of structural matarials due to the
presence of hydrogen), and stil] othar research has more fundamental implications
underpinning all materials research (e.g., wechanisas of atomig transport of
30lids). The research s conducted among a varjety of institutions--pational
laboratories, universities, and t¢ a lesser extent, industry.

13586



In addivion to maintaining an appropriate mix among long-term sciences,
multitechnology and 5in3fe energy technology oriented research, a balance musc be
gchieved between research at forefront large Facilitfes and research consisting af
small individual projects. Certain types of research simply camnot be carrizd out
without large facilities (e.g., neutron sources with significant fluxes of neutroas
cannot be made 1m "small" sizes}). A150 newer instruments with 5ignificaat
improvement in capadility {e.g., synchrotrom radiation sgurces) are very expensive
to buitd and sperate. The Materials Sciemces subprogram urtlizes seveenl mejor
user facilities tn the pursuit of its research goals, including the National
Synchroiron Light Source {NSLS) BKL, High Flux [sotope Reactor (HFIR) O3k Ridge
Kational Laboratory (ORNL), Iatense Pulsed Meutron Source (IPNS) Argonne National
Laboratary (ANL}, Meutrsn Scattering Exparimental Hall, Los Alamos Neutrgn
Scatterfng Center [LANSCE), and the Stanford Synchrotron Radtation Laboratory
(SSRL). Other smaller research centers include the Low Temperature Heutrom
Irradfation Facitity (LTKIF) ORNL, Surface Modification and Characterization
Laboratory (SNCL) ORNL, Electron Microscope centers at ORNL, ANL, LBL, and the
University of [11in0is and the Materials Preparatfon Center {MPC} at Ames
Laberatory. These Facil{ties are also available to qualtfied users outside the
home institution.

The subprogram utillzes workshops and reparts of its Council on Materials Science
{a non-Governmental body with representattves from academia, fndustry, and agency
laboratories} to help focus om critfcal fssues. Pane) meetings during 1984 were
held on computer simutation and materfals synthesls. In 1985, panel meetings were
held on microfracture and surface adhasion/bonding. Tne reports resulting from
these workshops and panels are distributed widely, including publication tn the
apen literature. Through the auspices of the Coumcil, a reviaw of user facility
operatioens has started with the electron micrascope facilities 1n 1985,

Reviews of the neutren sources and synchrotron radiation sources will follow.
Interactions and information transfer with the agemcy's applied materials research
takes place through a number of mechanisms inclwding a formalized Research
Assistance Task Force. Examgpltes of these Jatter activities tnclude meetings an
rast ton conductors and corrosiof 1n foszsil energy systems. Through these latter
meetings the basic researchers learn of the problems in the applied programs and
the researchiérs fn tachnology oriented programs a3ce exposed to scientists with a
fundagental uanderstanding of matter. Coordination among the Bepartment's materials
programs takes place primarily through the Energy Matesrlals Ceardinating Committee.
Within the Federa) Government, the subprogram s coordinated in part through the
interagency Committee on Materials [COMAT) and the basic Interagency Materials
Group. At the Federal program lavel, Materials Sclences centinues to reprasent
abgut ome-third of the Federal government suppert for basic matertals research.

Bokhk directly and indirectly this subprogram supports the development of a eational
position on matarials research. The adflity to pravide Such support stems directly
from the experience and continuitly within the Materials Sciences subprogram. The
fundamental understanding of materials obtained in this subprogram has led to new
appreaches to alloy desiyn For critical materials substitution, new materizls with
superior preperties and advanced characterization techniques. Materials Sciences
is racognized throughaout the research community for 1ts excelleace. Past technical
accompl ishments have moved ipto the technoiogical or comnercial sector fe.q,,
radiation resistant alloys, glassy metals, ion implantation techniques for surface
modification, and superconducting wire), and 1t §s expected that through the proven
method of technolagy/informagion transfer and effective management this vear's
accompl 1sh@ents wil) likewise find use either for building our Fundamental base of
materials understanding or in some technological application in the future.
Industrial ‘interactians with this subprogram 3re eancouraged and 1ndeed have been
spccessful. Yhe large number of patents issued under this subprogram 1s further
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evidence of the strun? and appropriate technological orientation, Significant
progress was made during the past year in many areas of the subprogram. Some

axamples of recent accomplishaents include:

o For the first time, magnetic ordering (arrangement of the magnetic

mcments of indfvidual items in materials) has been measured using X-rays.
Magnetic ordering of the rare earth metal holmium has been measured using
X-rays at the world's most intense X-ray team line at SSRL. The magnetic
scattering peak position shows an escillation that is temperature dapendent
indicating an oscillation in the spiral magnetic ordering., This is the
first conclusive magnetic X-ray scattering measurement made and reveals
additional new capabilities for intense synchrotron radfatfon Sources.

o The highest superconducting transition temperature (5%} has been found for
an organic compoound at ambient pressure, This development opens the possi-
bility of radically new conducting arganic materials which could revalu-
tionize alectrical systems.

¢ An aptemated synthesis technique has been developed that enables the
preparation of low cost magnetostrictive alloys (changes in the dimensfons
of materials due to appliad magnetic flelds). The technique yields
grain orfented rare earth-iron magnetostrictive {(Tb-Dy-Fe) materizl with
c¢lircul ar, square and haxagonal cross sactions useful for transducer com=
ponants and 5ingle crystals with selected zxial crystallographic orienta-
tion. With this new technfque, the cost of such components may be reduced
by 50-7% percent. These materials will enable significant improvaments te
ba made in the performance of transducers in jet and diesel engfne fuel
fnjection systems, submarine detection devices, and position detecting
transgucers in rgbotic systems as a consequence of the increased magneto-
striction obtained e this alloy produced by this new Synthesis technigue.

o For the first time, a detailed characterization of cavity evolution during
the compressiva creep deformation of ceramic materials has been determined.
Using meutron scattering measursments, it has been shownm that cavity
aucleation does occur, usually throyghout the service lifetime prior to
fracture, and that the cavity growth is transient and quitkly reaches a
tize of about 10D nanometers. These statistical data can not be obtained
by any other method and are needed in order to ligprove the parformance and
predict the seryvice Vifetimes of structural ceramic components savisaged in
the next generation of enerqy conserving heat engines.

Within the FY 1987 request current emphases and trends in the subprogram
wil]l be continved and extended with no 5ignificant change. Recause of the
opportunities and increased demand to utilize major user facflities, the
operations together with research at these facilities will increase. At the
FY 1987 request, research will be strengthened in selected techmical areas
at the experse of other engning projects. The university portion of the
program not tocated at DOE laboratories will be mafntained at about 20
percant. When including Amas Laboratory (lowa State Uafversity) and
Lawrence Berkeley Laboratory (University of Callfornia), which are similar
to other academic programs, the support 30ing to universities {3 scheduled
to be about 36 percent. Areas identified for gmphasis generally fall into
two categories af objectives: 1) synthesis, alloying, and preparation of
new watertals and structures; or 2) materinls characterization and property
measurements using highly advanced techniques, In consonance with the
subprogram's 1ong ranga plans publishad 1ast year, the relative emphasis
will be on category 1) areas where possible. recognizing of course that the
two categories need to be coupled. Research areas to be emphasized include:
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arocessing and mechanical behavior of structural ceramics; structure and
properties of polymers; unique calculations, properties and measurements on
surfaces, interfaces, and modified surfacas; high flux pulsed neutron
scattering research; X-ray lithography, topography, 3and surface structural
maasurements usinrg synchrotron radiation; use of high speed computers to
calculate and simulate materials phenomena; and electron microscopy and
property measursnents on advanced materfals such as high temperature,
ordered, intermetallic compounds. nonequilibrium materials and atomically
layered structures. As mentioned above, the limited resources available
requires that most of the new emphases be undertaken at the expense of lower
priority bat still productfve activities,

The FY 1987 request for the Materfals Scieances Subprogram will provide for
needed continuity and permit & reasonable leval of utilization of major
facilities, and strengthening of important topical areas recommended by
workshops, panels of the Counci) on Materials Science and National Acadenmy
of Sciences reports. The operating funds of $156,931,000 include part of
the needed 310,000,000 for optimum facility operations. This 4ncludes added
requirements at HFBR for safeguards and secucity, the first full year of
operation of the Los Alamos Neutron Scattering Center {LANSCE) and the full
operation of NSLS now that the X-ray ring is operational. Selective
decreases will be made to the operating schedule of some small facilities.
At the FY 1987 request all user facilities will cantinue to aperate. About
one third of the operating #ncrease allowed will be earmarked for research
and one third for facility operations and one third for research and
development of advanced facilities. Salective decreases will also take
place in the research programs to accomaodate some specific strengthening
and cost-of=11ving increases. This Tevel for the capital equipment portion
of the budget will be used Lo replace outmoded equipment amd allow for some
new avenues of research, new spectrometers at neutron sources and new beam
lines at synchrotron radiation facilfties. This capital equipment level
will perait the subprogram to adequately equip the research programs moving
into vitally impartant new areas such as semiconductor materials
praparatfon, ceramtcs processing and the exploration of new high-strength or
high-conductivity polymers, Funds in the amount of $300,000 are included
for partial support of Atmaspheric Release Advisory Capability operations
managed by the Assistant Secretary for Environment, Safety, and Health,

The FY 1987 request for Matérials Sciences for construction will permit
completion or continuation of FY 1986 approved projects and a start oa two
new projects. At the Stanford Synchrotron Radtation Laboratory (SSRL),
funds of $1,717,000 are requested in FY 1987 to complete the SSRL
enhancement graject consisting of improvements and a smal) Jaborateory addi-
tion to SSRL totaling $12,930.000. At Brocokhaven Watiomal Laboratory, funds
of $2,600,000 1n FY 1987 are requested to conplete the National Synchrotron
Light Source (¥SLS} beam 1fnes and building expansion project totaling

$19, 700,000, At Lawrence Berkeley Labaratory, funds are requested fn FY
1987 for contineation of the project, Center for Advanced Matertals,
consisting of two buildings--a Surface Sctence and Catalysis Laboratory and
an Advanced Materiails Laboratory. This request is for $10,560,000 of a
total project cost of $40,250,880. At Los Alamos, FY 1987 funds of
$5,000,000 are requested to initiate construction of the Neutron Scattering
Experimental Ha)l, which has a TEC of $17,500,000. Accelerator and Reactor
Improvements and Modifications (ARLM) funds of $2,583,000 are also requested
for the existing facilities at 8NL (HFBR and the NSLS} and the Ames
Ltaboratary. Further detafls for esach of the constructian projects are
provided In the attached construction data sheets.
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In¢luded 9n the program described above are funds far new sciemtific
facilities research and development to better define technical parameters
and defina project costs, The United States has bean the world leader 1n
scfence and technology with the Department of Energy playing a crucial role
through the innovation, develogaent, construction, and operation of
accelerator~-based or reactor-based specialized scientific/engineering
facilities. These unigue facilfties are used by scientists from
yaiversities aad industry as well as the national laborataries.

The Department proposes to begin the process of providing the technical
community with new more pawerful facllittes te advance the state of
technology and the competitive position of the United States $n these areas.
Two of the highest priority BES-related facilities proposed are: 1-2 GeY
Synchrotren Radiation Source (LBL}, ard continued research and davelopment
on the 6 GeV Synchrotron Radiation Source (AML]. The concept and need for
these facilities have been reviewed and recommended by several committees,
most notably and recently the National Research Council (MRC) study of Major
Materials Facilities and the O8€ EnergQy Research Advisory Board reyview of
the NRC report. Since stgnificant research has boen conducted in the past,
the 1-2 Ge¥ facility {s being praposed for canstruction by requesting
architect-engineer and long-lead procurement work in FY 1987, Research and
developaent for the 6 Gey facility will be continued to prepare for a futyre
decision regarding construction at ANL.

The 1-2 GaV Synchrotron Radiation Source (LBL, TEC - $30-100M) consists of a
storage ring with many straight sections for magretic devices which produce
high intensity vacuum ultraviolet radiation, The coaplement of magmetic
devices will pravide 30 or more experimental stations with ragiatioe of high
briliiance and very low emittance. The injection and accelerating system
far the starage ring provides the circulating particles with energies in the
1-2 GeY range.

This facility will provide intanse photon beams with the abiiity to
undertake very short-lived timing experiments. This facility, which would
have the highest brightness and lowest emittance in the world in this energy
range, would be used primarily for surface investigations and spectroscOpy
important to physics, materials, chesistry, blalogy and several comwarcially
significant technologies. The picaosecond timing also makes it nossihlf to
study procasses and matariais that gccur owver periods as short as 107
seconds. The beam brilliance would allow entirely new studies of dense
plasmas and absorptfon by highly-fonized atdimic species. Microlithography
tachniques would be explored for the efficient production of electesonic
devices and soft X-ray micrascopy and halegraphic techniques would be
developad with high spatial resolution for the diagnosis af biplogical
specimens. Other experiments important to natisnal security needs would
&iso be undertaken. Funding for A-E and long-leiad procuremen? s requested
($1,500,000 canstruction) in FY 19B7 im order to refine the costs, schedule
and design 1a preparation for construction. FY 1987 Funding (%1,500,000
operating and $500,000 capital equipment] for rasearch and development
activities related to a final storage ring lattice design would also include
investigations of RF, beaaw instrumentation and control and new vacuum
systems that ace needed for peak serformance characteristics. The intanse
photon beams which would be employed would require radiation-hardening
studfes of several companents of the beamline complax.

The 6 GaV Synchrotron Radiation Seurce (ANL) as currently envisaged would

consist of 38 large storade ring comaining as many as 30 dagnetic devices ta
give intense hard X-rays. The injection and booster systems would be
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designad €0 1nject positrons into the storage ring at the design energy of 6
GeV., Beem currents 3as high as 100 milliamperas and 11fatimes of at Teast 10
hours are anticipated, #Most importantly, the lowest possible beam emittance
would be sought to give the highest dritliance X-ray source Strength by a
factor of 10,000 over any {a existence. This facility would impact heavily
on the f1elds of physics, materials, chemistry, blology and medicime, and
many technelogies. Oet2rmination af dulk and surface steucture will he
performed with greater resolution and accurecy. Observation of catalytic
activity in Materials with less than 1/10 of an atomic layer will be
possible. Microprobe characterization will allow {Epurity detectiom in the
parts per Billion range, and inelastic X-ray scattering, an unexplored
field, will be pessible. [nvestigating time-dependent phenomena 1n
biological membranes and in photocyclic processes will de possible as will
observing the motlon of atems in proteins. sngiography of coronary and
tumor diseases will be advanced through non-invasive and very fast X-ray
diagaostics without the use of dyes or drugs. Topouraphy, the study of
surface fmperfections, will he extended to time-resolved studies of plastic
deformation and fracture, All of these investigations a&re made possible by
the photen energy, time-structure, intensity, and unusual orilltance af the
radiatfon source. Other &xperimeénts important to natienal security needs
woula also be undertaken.

FY 1987 ($2,000,000 operating and $1,000,000 capital equipment) research and
devel opment funding will ke used te refine the lattice desfgn of the starags
ring, design and test new radio freguency cavity Systems, advance vAcusm
technology and surface cleaning technfques, and fnvestigate beamline
components thet must withstand greater X-ray intensfties than have been
previously achfeved.

FY 1987
FY 1985 FY 1986 Request
Chemical Sciences
Operating EXponSes..ccccencanccanannanve $ 78,592 § 78,123 $ 96,415
c&PltaI zquimntiesgsl@l.4@;;;..05--..;;: 8.8‘#0 E.EDE 9.555
CONSEPDCE T OMs cus awis svw ol svngms s bane b vwe $,550 5,609 5,430

Total Chemical 5¢1eNCeS....oroeonoror. E 02,3082 3§ 02,238 5101, 408

Tha purpose of the Chemical <iences subprogram is to expand the knowledge
base of chemistry and atomic physics on which future energy technolegies
depend. In the foresesable mix of unergy systems, most of the technologtes
will depend on processes which are cheaical, sr based on atomic physics.
Gur future ernerqy supply depends on present serong support of research
seeking knowledge inm fields which 2re basic to energy processes.

Recently a panel of the National Academy of Sciences/National Research
Council, as well as the American Chemical Society, senior academic
scientists, and senfor ingustry sclentists have advocated increased funding
for chemical research. They have pointed to the importance of chemistry inm
Our energy economy ard te the petential losses from the current limited
level of research, The Energy Research Advisory Baard, in its recent
apprafsal of the DOE Teciinology Base, placed Chemfcal Sciences in the top
grouping of subprograss recommended for increased funding.
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Tha Chemical Sciences subprogram spans a broad front, but emphasizes eight
areas because of thelr {mportance to energy techaologies. The areas are:
photocanversion (1ight enargy to fuel energy or electrictty), chemical
phystcs (including basic chemistry ef combustion}, atomic physics (a4 sub-
field important to magnetic fusion), basics of coal chenlstry, hetarogenecus
and homogenenus catalysis {especially that underlying coal copversion and
more efficlent processing of petrochemicals), separations and analytical
sctence (underlying virtually every facet of process chemistry) and chemtcal
thermodynamics (the chemical basis for predicting the optimal handling of
hydrocarbon mixtures}.

Photochemists are moving closer to 2 full understanding of photosynthesis,
an understanding necessary if we are to imitate and improve on nature's
efficiency in forming fueils from airborne gases. They are also building the
knowledge base which may enable u$ to produce hydrogen From water at &
reasenabdble cost.

In-depth un erstanding of combustigm fs important to the use of lower grade
fuels and ta continued progress in improvement of the efficiency of engines,
especially avtomotive enrgines.

Researchers 1n atomic physics are making steady progress in enlarging our
knowledga of the behavior of the highly stripped ions which can serigusly
lower the efficiency of fuston reactions, thereby providing guidance as to
choice of materials. The behavior of 1ons at enargies higher than fusion
enargias is a1so being examined.

Scientists supported by Chemical Scieaances are studying the mclecular
structures of coals and the chemical reactivitias of the coal constituents
in order to give coal technologists better bases for improving existing coal
processes and for developing new and hetter concepts for obtaining synfuels
from coal. Premium quality samples of ceals, standardized and preserved,
are being provided to the research community far cosparability of research
done at different times and places,

Just as catalysiz 1s used today in producttan of billions of dollars' worth
of fuels, plastics, etc., tt is reasonadie to expect that, gfven {n-depth
understanding, catalysts can be designed for production of tomorrow's fuels.
These Chemical Sciences researchers engaged in catalysis research ace makiag
steady progress toward that ¢oal of full understanding,

Many saparation processes often require special axtractants to remove
selected constituents From process or waste streams. Such separations
require both theoretical and experimental understanding to design and
synthesfze these extractants. Some separation processes, such as
distillatton of petrolewn or synfuel fractions, consume large asounts of
energy. New knowledge and insights can help fnprove existing processes. and
can help create entirely new concepts which are less enerqy intensfve,
Conceptual neighbors of separations ¢hemists are the analytical chemists who
are generating basic, widely applicable approaches to analysis. {t is
ipportaat, in many processes which make fuels or consume energy for other
purposes, to {dentify and quantify impurities which can spoil & product,
poison a catalyst or pravent the desired chemical processes,

Chemical thermodynamic studies are being pursued in order to strengthen the
knowledge needed to design major plants for prodwcing or handling
hydrecarbon fuels. Many fus]l mixtures currently or potestially important
are not covered by currently avallable data, Measuring every mixture of
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fnterest would be too costly, 50 thermodynamical ressarch on @ selnd
theoretical basis 15 providing the needead calculational predictive
capabrilities.

Two major user facilitias recaive support throuwgh Chemical Sciences. Both
facilities were constructed by Basitc Energy Sciences for use of scientists
in DOE programs and qualified vistting researchers. The Combustion Research
Facitity (CRF) at the Sandfa National Laboratories (Livermore} receives fts
entire facility operating supgort from Chemical Sciences. which also pro-
vides 2 major part of the user research support. The Natiomal Synchrotron
Light Source (NSLS)} at Brooknaven National Laboratory receives facility
aperating and research support from both Chemical ScTances and Materials
Sclences.

The operation of the CRF factlity fncimdes continued jmprovemant of its
unique state-of-the-art laser systems and providing laboratory space, equip-
ment and advisory assistance to visiting users. The automobile fmdustey is
prominent among the users; its laaders have stated that CRF fs the First
Federal research laboratory to attract that industry. CRF research iavolves
inventing, developing and ysing advanced diagnostic techniques to provide
such key Information as identities and gquantities of very shoet-lived flame
constituents, profiles of Lewperatures in flames and modeling of turbulaence.
These are inportast kinds of information weeded for improvements to
combustien systems.

Detafiis on the oparation of the NSLS are set forth in the Materials Sciencas
part of this document. The areas of research supported at NSLS by Chemical
Sclences are chosen for their combination oF scientific Insights and
inportance to chenical and atomic physics problems in energy technologies.
Akzong thom: phatochemistry in the ultraviolet, slectronic interactions
betwean surfaces and adsorbed molecules, and photon excitation and
fanization of atoms ane molecules.

The Chemical Sciences effort is coordinated with other DOE programs
involving chemistry and with othar federal! egencfes. Pariodic meetings of
the faderal Interagency Chamistry Representatives and exchanges of lists of
proposals and funding actions supplement frequent individual contacts
between staffs. Annual and biennial topical eonferences bring togethar the

rasearchers in specific areas of the subprogram with industrial scientists
and athers.

Typtcal advances in energy-related chemistry and atomic physics achieved
this year by Chemfcal Sciences are:

o Styrene-based polymers with active phosphorus-containing groups have been
discovered which efficiently and economically recover major er trace
amounts of toxic or pracious metals, e.q., mercury Oor dold, from waste
streams, rivers ar sez water., The new extractanty are synthesiaed from
inexpensive chenicals, They contrast with present systems which generally
require more expensive materiats or multiple saparation steps to accomplish
the same degree of recovery. They were devised throuwgh a collaborative
univarsity-national ladorstory effort.

0 A sigaificant advance in the quest for an artificial photosynthetic system
has been achieved by chemical synthesis of a model photoreaction center. A
key feature of this systes 1s that charge separation occurs following
photoinitiated multiple alectron transfers. This moves us closer to the
goal of Improving on natural photasynthesis by positioning of electron
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donor and acceptor components in the optimum geometry for high efficiency
solar conversion,

Recent results will make possible a new and detalled understanding of the
effacts of poisons and promoters fn catalytic systems. Supérior accuracy
and resolution of infrared spectra) bands, achieved by combining differant
state-of-the-art technigues for adsorbed specfes on single crystals fn a
multipurpase ultrahigh vacuum system, revealed that the frequency shifts
caused by changing the adount of carbon gonoxide adsorbed on a Hi(11})
crystal surface are due to modification of the chemical properties of the
nfckel surface itself, caused by tha adsorbed carbon monoxide.

A study on the separatios of foal at ANL has resulted in the development

and implementation of a method for providing very pure coal components that
18 now bdaing used ¥n sevaral other ceal raesgarch laberatories. Further, the
Premtum Coal Sample Program at ANL has successfully processed and sealed
sampies of the first premius coal, to be avallable to scientists world wide
for comparability of basic research results obtained at different times and
places for oany years. The availability of premjum coal samples and pure
¢oal macerals in quanrtity is fostering meaningful colltaborative Stuadies
between ANL and both univarsity and industrial Jaborateries,

Laser-induced chemistry has found a new £ind of molecular behavior., The
absorptton of light by a malecule, to introduce etther large or smail
amounts of vibrational enerqy among its atoms. sShows regular fregueacy
spacings which fit quantum mechznical predictions. However, there is an
intermediate, heretnfore inaccessible energy region where increased vibra-
tional energy does hot follow this pattern, but may be randomly distri-
buted. This random behavior has been observed far the First time in
acetytene. One laser was used L0 excite the acetylene motecules to high
vibrational states and a differant laser then teiggered enargy emissien tu

get down to the intermediate region,

The FY 1987 request for operating Funds is $86,419,000. MWithin this, an
incremant wil) provide for operating costs of the two major user facilities
{CRF wholly, NSLS partly}, including assistance to visiting users, and
rgzaarch using their capabllttias for the areas of chemistry described
above,

Also inciuded in the FY 1987 request is an increment to permit restoration
in areas which have been identified as important to the knowledge base far
energy technologies and which gffer a2 high degree of scienttfic opportunity.
One of these is chemical reactivity; this area {ncludas study of chemical
dynamfcs in the gas phase, which 1s hasic to many energy systems, especially
improved coabustion technolagy. An important scientific tool, pulse
radiolysis, will ba brought to bear as a generator of the short-lived but
impartant species which figure in combustion. Combined with It wil) de use
of laser techniques such as coherent Raman spectrascopy and multiphoton
fontzation to tharacterize the species. Experts ia chemical theory wiil
provide dfrect and meaningful interaction with experimentalists, extending
previous catculations af molecular and radical reactivities in species
extending fram these containing only two er three atoms to up to ten. Also
studied will be reactive intermediates in condensed phases, since many
chemical protesses which form or convert fuels involve ceaplex mixtures of
substancas undergoing chemical reactions, both desired and undesired,
dispersed in solvents.
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To enderstand the chemistry of such mixtures, effort will he directed teaward
understagding the indtvidwal reactions, their effects on zach other and the
eéfFects nf the solvent molecules, Praminent here will me study af tha
influence of solvent dielectrics on chemical kinmetics and the retation of
plectronic Structure to reactivity. Anether aspact of tre area of chemical
reactivity will concern electron transfer in chemical systems. This will
contribute especially to improved understanding of photosyethesis which
could lead to a variety of new uses af sunlight to ferm fuels, Related to
this will be study of the effects of tha colloidal state on photoexcited
electren transfer, an area likely to tead to qualitatively rew knowledge,

Another area of @mphasis is related to chemical catalysis. This ar=a of the
knowledge base is pervasive in energy technolegies, and 15 at a stage likely
to see scientific breakthroughs. Studies will be conducted ta exploit 3 new
and scientfrfcally powerful tecnniqua recently pioneered in Chemical
Sciences: laser-induced generatian of small clusters of metal atoms of
salectable size and of controllable combination with desired numbers of
nonmetal atoms. The insights to be gained with this technique may lead to
better understanding of various kinds of catalytic chemistry, fncluding fual
conversions, as well as other energy-related chemical processes.

At Xansas State University the new lon Collision Physics Facility will be
nearing completion and the research activities will include stepped up
preparation for its use. The cryogenic electron beam fon Sourte (CRYEBIS),
when operational, will not only strongly advince the efficiency and
capabilities of scientific research an the behaviar of multiply charged ions
but will also greatly improve our ability to unravel the complexities of
behavior of highly stripped, ralatively sTow meving metal 1ons, which must
be understoad in the design of magnetic fusien devices.

The remainder ¢f the increase will allow for requiremants which include the
effects of inflation on research capadility, and Interagency activities such
as panals of the National Research Council. The balance of the Chemical

Sciences subprogram will cuntinue the activities described earlier, with the
evolving of sciantific thrusis which has long characterized the Subprogram.

The request for capital equipment funds is §9,555,800. The request fncTudes
General Purpose Equipment for ANL (32,200,000) and the Ames Lakoratory
{$155.000). The princtpal ether purpose for these capital equipment funds
i3 to previde the advanced fnstruments which are revelutionizing chemical
research. The measurements they allow promise ta open knowledge even more
neaningful than heretofore possible in areas important to enerqy
technologies. Typical of these instruments are yitra-kigh field nuclear
magnetic resonance spectrometers, advanced lasers, muttiparameter molecular
and 1on beam machines, and Fourler Transform elactron spin resonance
spectreneéters,

The request for construction funds is $5,430,000. The largest part of the need
rasults from Tandlord responstbilities for sites for which BES has overall land-
lord responsibility: $3,000,800 for ANL, $680,000 for the Ames lLaboratory,
$300,000 for the Combustion Resekrch Facility and $30,000 for the Notre Dame
Radtation Laboratory. As shown abave, the largest component of the request is
for ANL, where there remains a heavy backlog af nends affecting plant efficiency
following several years of extremaly severe budget stringency. Detatls are shown
fn the attached ¢onstruction data sheet (A7-R-d408).

Also included in the request 13 $1,2D0,000 to complete construction of the Ion
Callision Physics Facility at Kansas State University. Initiated in FY 1985,
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this project has a total estimeted cost of $5,100,000, 1t represents the United
States" first atomic¢ physics facility which is based on state-of-the-art ton
accelerators and 1t will rcestore US competitiveness In the area of ion coliision
prysics, an area of importance 1n science and energy. DNetails are described in
the construction project data shaet B85-ER-403. The final part of the construc-
tion request 13 Accelerator lmprovement and Nodffication funding of $300,000
which 15 peedad in order to install two beam lines for atomic physics research
at the Holifield Heavy (on Hesearch Facility, thus greatly enhancing the capa=
biTity to perform research on highly charged ions.

FY 1487
FY 1385 FY 1936 Request

Huclear Sciences
Operating Expenses....ccoevemeeesnns sass § 39,541 $ 41,445 § 46,913
ca'ttﬂl iqutmentlltll‘-nl-Ii'l-’ll‘iﬁ'l!i 23950 2’45? 2,930
GO S PG R OW e s wiosee +iu e meien e 0 atadrede e 300 1,251 150
Total Nuclear SCi1enceS,eesessccesseese ¥ 42,891 § 45,153 § 49,933

The Muclear Sciences subprogram encompasses flve principal activities:

(1) advancing the kmowledge and undarstanding of the heavy elemants' chemfcal

and physical behavior; (2) providing isotopically enriched samples of ordinacy
elements and saaples of the man iade transplutonium elewsents for research, medi-
cal, and industrial uses; (3] measuring, compiling, and evaluating nuclear data
for both fission and fusion energy technologles; ?4) aperating the Stanford
Synchrotron Radiation Laboratary for the broad community of synchrotron radiation
researchers; and {5) conducting research on heavy ion accelerator technolagy ang
preparing for Jts evaluation as a driver for use 1a fnertial confinement fusion
systems.

Tha FY 1987 request for FY 1987 inclwdes $46,913,000 for operating
expenses, 32,930,000 for capftal equipment, and $150,000 for construction.

Heavy Element Chemistry

Knowledge of tha chemical, physical and nuclear properties of the manmade
elements beyond plytonium is impartant te the management of nuclear materials,
particularly in their chemical processing, and far medtcal, industrial or
research applications. Also of impertance is the {nformation the heavy elements
can provide to elucidate scientific theory on the chenical and physical proper-
ties of the natural elements, This research enhances that theoretical under-
standing because of the actinide elements’ pasition near the 1isit of the
periodic tabhle. They are at the edge of the region where relativistic electrons
may exist due to the exceedingly high electrical charges on their nuclei. The
potential relevance of this phanomenon to their chemistry 1s completely
unexplored.

Most eavy elebént research s conducted at BOE laboratories where adeguate
facilities exist to meet the requirements of health and safety in handling them.
Some of the research is done through umiversity research contracts or grants,
often making use of DOE laboratory faciiities and in collaboration with DOE
ladoratory scientists. Heavy Element Chemistry is a3 small but active field
important as a source of expertise and trained penple for fyturs nuciear tech-
nologies fn energy, medicine, the military and Industry. Tha field's accom-
plishments are typified by these recent examples:
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a Reptunium, 3 radiozctive mlement in spent nuclear fumls, has Toag besa
¢onsidered a prablam in undergeround storage decause the chemical statm pre-
ferred by neptunium when 1n ordinary ground water is mobile. How it has
meen feund that 1n some ground waters a different state of neptunium farms.
That state much more readily binds chemtcally ta soil conscituents,
{wmohilizing the neptuntuw,

o Results with unexpectedly wide impact have come from ultrahigh pressere
studies of the crystal structures of transplutoniun metals. Large collapses
of volumas have shed néw Tight an how certain electron states passessed
only by the actinide siements bond their atoms together amd bring about
their physical, chenfczl and electronic propartias. Changes will now be
required in the theory of structure and bonging of many othar chemical
slements as well.

The FY 1987 request is 35,066,000 in operating funds. OOE provides assentially all
the U.S. support for this fimld of science. The FY 1987 requast for capital
equipment ts $361,000.

[sotope Preparations

U.$. capahilities for providing eoriched isotopas 1n the quantities neaded for
clinical medicine, fer dfomedical and physical research and for 1ndustrial
applications depend on three facilities at the Oak Ridge National Laboratory.
These are the Electromagnetic [sotope Enrichment Facility {Calutrons), the High
Flux lsatope Reactor (MFIR) and the Transuranium Processimg Planst [TRU).

The Calutrons separate the varfous isotopes making up the naturally otcurring
elapent5. Samples are sald to researchers In biomedical, nuclear and other
araas and to industrial suppliers of medical radiafsotopes made by nuclear
irradiation of the natural isotopes., In addition, a Reseazrch Meterials
Collection J2 maintainad for use by nuclear physicists and other scientists,
with the proviso that the samples are to be returned undamaged.

The HFIR has two purposes: producing research Qquantities of elements heavier
than plutanium, and providing an exceptionally high flux of neutrons for studies
of materials; it is one of the two principal U.S. facilities providing neutrons
in cantinuous flux for such research, The research at WFIA is supported by the
Waterials Sciences subprogeam of BES, the Magnetic Fusion Energy program, and
the Natienal Science Faundatian,

The TRU chandcally separates the desired higher elements produced In HFIX inte pure
form and retyrns the remaining targat material for re-use, HFiR and TRU together
are the only Western world source of californium-252, a widely used partabie sgurce
of neuvtrons for medical, defense, 1ndustrial and scientific applications.

The FY 1987 request for lsotope Preparations js 318,077,008 in operating

funds. The requested level is neaded to maintain a minimal one segment
operation of the calutrons. Ihe rest of the increase is needed for the
aperation of the HFIR and the TRU for two purposes: maintenancd costs of celts
and apparatus which have experienced axceptionally high levels of radiation and
Tiatted replacement staff whe must he trafned to learn pperatisnal and safety
skills before retfrement of staff exparienced in this unique facility.

The capital equigment request for [Sotopa Preparatfons is $524,000,
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Huclear Data

The goal of the Nuclear Bata activity 5 to estadlish and maintaln an accurate,
complete, and accessible nuclear datk base to maet the Tong-term needs of the
ftssien and fusion enargy technologies, to suppart bicmedical activities using
radioactive materials, amnl to support nuclear waste management znd weapons
devalopment activities of the Department. Tha request for Fv 1987 is $11,117,000,
which {ncludes $10,442,000 For aperating expenses and $675,000 for capital
equipment.

The Nuclear Data activity includes the core functions of the National MucTear Oata
Center (MHDC} at Brookhaven Natfanal Laboratory--coapilation and encoding of
neutron reaction data, coordination of the work of the Cross Section Evaluation
Herking Group, and maintenance of the Evaluated Nuclear Data File (EMDF). In

FY 1987, priority will be given to effarts necessary for development of the

next version of the Evaluated Nuclear Data File--Varsion ¥I {EXDF-vI}). Wkork will
include format modifications that w11l permit the inclusion of double differential
¢ross-section data required for fusion reactor blanket and shielding design
calculacions and the reevaluation nf nuctear data files faor which new measuraments
have provided data of significantly improved quality. EXNDF-YI will make use »f new
analysis methods that have been developed for the treatmeat of carrelations amoag
peasured valves of nuclear parameters. The gsecond major data base activity is the
cantinuwous updating of the Evaluated %kxlear Structure and Oecay File {ENSOF}, from
which the widaly usad Nuclear Data Sheets are produced. This effort includes
significant contridutions €rom ianternational coliaborators; the MNDC is responsibie
for overall coordination and review of ENSDF activities. The FY 1987 request
budgets $2.375,000 1n aperating expenses and $75,000 i capital equipment for
Brookhaven National Laboratofy for support oi NNOC activities.

The lzrgest effart withie the Nuclear Bata activity is assigned to the performarnce
of precision nuclear measurements vital to the improvement of the data base.

The major Unitad States factlities for carrying out nuclear datg measvrements are
the Oak Ridge Electrom Linear Accelerator [ORELA), the Argonne Fast Neutron
Generator (FHNG), and accelerators at the Natfonal Bureau of Standards. A major
improvement in the short-pulse capability of ORELA, which estabkiishad this machire
as the pranfer facility for measuring newutron cross-sections by the gowerful tipe-
of-11ight methad, has recently been achieved, This increased capability will help
greatly 3 new program to 1mprave knowledge of experi®ental energy reselution
functions to better characterize cross-sections in the reglon of resonance
reactions. To make possible accurate measurement of aeutron capture ¢ro5s sections
of the fissile and fertile fsotopes, & large angle photan-myltiplicity detector
will be constructed at ORELA Yn EY 1985 and in FY 1987, when {nitial experiments are
planned. Nith this detector, scientists will be able to distinguish with
relativaly high certainty betweea neutron capture and neutron=-induced fisston
evants. Total cost for this detector project is estimated at $480,000 in capital
aquipment funds--$270,000 {n FY 1986 and $210,000 in FY 1987, The FY 1987 request
includes $3,425,000 1n operating expenses and $445,000 in capital equipment for
ORELA's research and sperations, including completion of the photon-multiplicity
detactor and participation in Cross Section Evaluaticn Working Group activities.

At the Argonne FNG, emphasis will be placed on cross-section maasurements at higher
neutron energies, up to 20 MeV, for materials of Importance to the fusion energy
prograi, fncliding measurements of activation reactions that have been

tdentifiad as high priority needs. Capital equipment fends will be provided in FY
1987 to ensure that state-of-the-art measurements cae continue to be made at tie
FNG. The FY 1987 request includes $890,080 in operating expenses and $100,800 in
capital equipment for FHG'S research and operation, including partitipation 1in
Cross Section Evaluation Norking Group activities.
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At the National Bureau of Stamdards, a codtinued effort will be applied to the
measurement o7 neutrom standard cross-sections including the fission ¢ross-sections
for 11235, [In this grecision effort, the development of rew detecters has alse
peen found necessary. In FY 1987, $645,000 in aperating expeases (< planned for
work at the Natianal Bureau af Stanmdards. Other work planned for FY 1987 includes
nuclear data measurement. compilation, and evaluation efforts at Los Alanos
National Laboratery, [daho Matienal Engineering Laboratary, Lawrence Livarmore
Hational Laboratory, Lawrence Berkeley Laboratory, and elevex universities.

Stanford Synchrotron Radiation Laboratory

SSRL is ene of the majar synchrotron radiatien facilittes 1n the WS, The
BES and High Enargy Physics {MEP) programs share use of the Stanford
Pasitron-Electron Asymmetric Ring {SPEAR); SSRL, which is funded by the BES
program, reimburses the Stanford Linear Accelerator Center (SLAC}, which 1s
funded by the HEP program, Tor SPEAR operating costs for these periods when
SPEAR is operated in a made optimized for synchrotron radiation research,
approx imately tive months a year. Operating costs of SSRL are provided by
the Muclear Sciences sudprogram, while the scientists who use SSRl's
capabilities receive their research support from ather spurces, including
the NSF, Qualified users from universfity, industry and govérnment
laboratories competa viz proposal review for time on SSRL and the best are
chosen for assignment of time withsut cost,

The active areas of research conducted at this facility are many, including
materials, biology, physics, medicine and chemistry, Structures, surfaces, very
enin layers, and interfaces between metals and semiconductors are among the
materisls thrusts. Microscopic structures of delicate protaing and Viving cells
are among the innavative biological areas. The span of ather areas 3s typified by:
fragmentation of molecules by high energy photans, dicrominiaturizatien of
integrated circuits and noninvasive anglography. The noninvasive angiography is
especially interesting in that 1t should reduce the number of 1ives curreatly lost
fn the course of 1avasive angiography manipulations,

The request for operating expenses of SSRL is $8,068,000. an tncrease of
$1,005,000 ahove FY 1986. There are three needs which will be only
partially =met by this request: (1) Charges by SLAC for operation of SPEAR
were sharply incraased in FY 1985, which has caused severe curtailments in
SSRL's operatfon. Indications ace that the SPEAR charges will ba further
increased. (2) Costs of alectric power to SSRL will go up further due to &
rate increase and the need for extra power from & higher priced suppliar
when the Stanford Linear Collider begins oparation. (3) Costs are
increasing for assistance to vsers, administrative costs, and undulatars,
multiundulator, wigglers and added experimeatal stations.

The request for capital equipment is $725,000. These Funds are reguired for the
many kinds of sptical, alectronic, vacuum, magnetic, computer and temparature
control eguipment used to maintain and improve capabflities at SSRL'S nearly two
dozen beam lines and experimental stations, Much of the existing equipment hasg
become putdated and some ef the heam line mirrors and other optical co®ponents
have experienced measurable deterioration after 5 to 10 years of use.

Construction funds of $150,000 for general plant projects are requested for the

electrical systam. The alecteical cabling of SSRL has become serfously overioaded
with the giny added beam lines and experimental stations ef the past decade.
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Heavy Ion Fusion Accelerator Research (HIFAR]

Heavy ton fusion, using fntense bedms of heavy ions from high energy accelerators,
refers to one af the three major methods of inertial fuslon, the others being laser
fusion and 1ight ion fusion, which use different technologies, Frow 1976 to 1983 a
low-level arogram, including four national workshops, was canducted and the

concept of keavy 1on fusion was endorsed by several major reviews. A multi-

year, two-phase program was formulated in 1983 and begun fn FY 1984 to

develop and evaluate the required heavy ion technology for future deciston

making. Phase ! emphasizes construction of a multiple-beam experiment (MBE}

at the Lawrence Berkeley Laboratory (LBL) te demonstratae the inductien

acceleratoer method. Accelerator innovatiens include bedm current

amplification and operation at the space charge 1imits in additfon to the

use of multiple beams, To be completed early in FY 1987, the MBE-4 is a 4-

beam experimental test designed as & scaled-down modal of the gccelerator

partion of a larger 16-beam accelerator called the High Tesperature

Experimant (HTE). Construction and operation of the HTE will constftute

Phase 1] of the program and aliow experimental evaluation of heavy ion

drivers for fnertial fusion.

The request for FY 1987 1s for $5,905,000, including £5,260,008 operating
expenses and $645,000 capftal equipment, These funds support operatfon of
MBE-4 at LBL, development of & l6-beam injector at the Los Alamos Natiomal
Laboratory, and rasearch on certain critical cwmponents for the 16-bean HTE.
However, funds are not inclwded for davelopment of 1§-beam pretetype
accelerator modules,

Aecent acrompl fshments 1o thg HIFAR progeam include: developmant of
preTiminary conceptual designs for the HTE based on the use of medium-mass
jons such as sodium; confirmation of the Teasibility of much higher beam
currents than previously thouynt possible; completion of the HBE-2
engineering design: and successful operation of the MBE-4 cesfum ion source.

FY 1987
FY 1885 FY 198E& Requgst
Applied Mathematical Sciences
operating Expensesiﬂl(l!h!b’l!’i.’!l\l!bl ‘ %:‘6? 5 3?|925 s 32-785
Capit%] Equipmgntiiitii--iii ------ EERdinan 1.500 ].DBD 1.100

chEtrUCtioﬂv-ryflmv-§p|1--a!l1||na!q||+ 0

4,811 0
Total Appli{ed Mathematical Sciencas,., § 35,967 T 43,766 § 33,835

The Applied Mathematical Sciences subprogram will meet the iamediatae needs for
s¢lantific suparcomputing 1n the research programs supported by the Department's
Office of &nergy ReSearch and the long range needs of the Department in computa=
tional research. The program censists of two parti: Energy Science Advanced
Computation and Applied Mathemgtical Sciences Supercomputing Research, The Energy
Sclences Advanced Cowputation subprogram provfdes network access to supercompiters
for 0ffice of Energy Research contractors and grantees in vnivarsitias, industry,
and D#E natiomnal laberatories. The Supertomputing Research subprogram supports
research tn mathematical and computer sciance that 1s vital to understanding the
newly emerging parallel pracessor supercomputer systems and the lpig range
develomment of future supercomputer Systems.

[n recent y&ars, the modern supercomputer has changed the nature of scientific

research and technology development. The advancement of sctence used to depend
upon experiments for data and theory for undeerstanding, Today there 1s a third
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aqually importamt ingredient te scientific research: computational science.
Computational science serves 3 role that is a hybrtd detween theory and experiment.
In some ¢ases, computations provide fasights fnta exparimental data, and in others,
computations are used tp simulate the ideal experiment to test an amalytical model.
The emergence of computatiomal science as an fmpartant element in scientific
research and technology development 1 the result of the develomgment af aur ability
to do computational modeling ef complex physical problems and the enormous power of
the moders supercomputeér, This combination allows scientists and engineers te
mode] cosplex problems in a much more rezlistic way and to obtain much more
accurate answers than was possible fust 5 years aga,

Sclentific supercemputing now makes substantial contribetions to many fields of
research such as fluid dynamics, plasma dynamics, astrophysits, materials science,
chemistry, atomic physics, etc. Similarly, large scale calculations are making
significant caontributions to product development {n araas suwch as nuclear weapons,
electronics, automoblles, alrcraft, and chemicals. Ia proguct development,
camputer modeling 1s vsed to reduce the number of Qesign/test iterations that are
€0 time consming and expensive,

The Department of Energy [DOE) has made a significant commitment to scieatific
superconputing in several of 1ts research and development programs. AS an Agency,
DOE is the largest user of supercomputers in the world. In 1986 DOE laboratories
will house 26 supercomputers. DOE's commitnment to scientific compuzing is not aew.
Historically, the Department and its predecessor agemcies (the Atomic Energy
Commission and the Enerqy Research and Develapment Administratien) caused many
supercomputers Lo be developad throwgh its auclear weapens design work at tha
Lawrenca Livermore National laboratory and the Las Rlarps National Laboratory.

The supercomputers that were developed tn response to DOE needs were delfvered to
the DOE laborataries nearly devoid of spftware, requiring our taboratories to
develop the necessary software for a complete supercomputer system. Throwgh the
software development efforts and the continual interaction between UOE laboratortes
and the superzomputer vendors, DOE has made significant contributions to
supercomputer technalogies.

Although DOE's defense efforts stil) represent the largest use of supercomputers,
other DOE pragrams have bacome significant users and are also contributing to the
further development of the technologqy. The Magnetic Fusion and Naval Reactors
programs have been using supercompulers for many years. (ther DOE programs such as
Uranlim Eneichment, High Epargy and Muclear Physics, Basic Emergy Sciences, and
Blological and Environmental Research have just begum tp make significant use of
SuParComMpUters.

Great progress has beea made 1n our ability to do computer modeling of complex
sctentific prablems; hewever, there 18 still a long way to go. Many of tae
Dapartment's research and development programs have large, comglex research and
engineering problems to solve that can be only crudely approximated with today's
supercamputers and mathematical techniques. There is a need to include more
phytics in the models, to use finer zoning for more accurdte answers and to attampt
to model in three dimensions. In order To solve thase complex prohlems to the
accyracy desired 1n the future, cemputers with substantially increased computing
power over those currently available will be required. Several DUE programs nave
estimated that they will require computers 200 times as powerful as a Cray XMP or a
Cyber 205 by the end of the decade. In fact, some of the DOE programs could use
that kind of computing power today, if it were available,
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Applied Mathesatical Sciences Supercomputing Research

The primary objactive of the research activity s to advance the understanding of
the fundamental concepts of mathematics, statistics, and computer science
underlying the camplex mathematical models of the key physical processes
encountered in The Department’s research and development programs, [n addition,
tnis activity supports 1nvestigations of new cemputer architactures that may lead
10 new approaches to supercomputers. The research activity provides the primary
source of funding for applied mathematics and computer scfence resmarch to meet the
DOE nmeeds in this area,

The DOE sclantific research communfty cemprizes a targe fraction of this country's
axpertite in large scale computational modeling, with applications in fusion
energy, weapons desfga, and fundamental physical sclentific research. H#uch of the
sclentific research and develepment affort throughout DOE programs is focused
directly on analytical and numerical modeling of physical processes. An under-
standing of the fundaasntal principles wpon which these models are based is
important for develaping energy production and distribution systems for the future,
Thus, research in mathematical analystis, algorithms, and cosputational techeiques
1s cructal in canducting most sctentific investigations. O0UE‘s lead role in the
developsent and application of supercosputing techniques 1§ based on thfs
fundamental research.

One goal of the research activity is to develop our ability te use paraliel
processar computer systemé Lo model camplex plysics phenomena. The parallel
processor direction for supercomputers is dictated by the fact that only very
Vimited gains can be made from increased component speeds and levals of intaegration
in the future. This has caused computer architects to loaok to wsing more than a
single processor working an a problem. [n the near term, the supercomputer vendors
are producing systems with 2-18 processors. In the longer term, systems with 10GD's
to 1000's of procassers are mxpected. The change from van Newmann {sequentiai)} to
parallel processor machines represants an enormous change 16 scientif{c computing,
greater than the challenge faced hy the introduction of vector processors. The
c¢challenge with parallel processors §s to have & large nuxber of processors
efficieatly working simultansously on the same probles. New software, languages,
algerithms, and entirely new mathematical approaches to solving sclentific problems
will ba required,

This subprograés supports basfc research at many of the ODE national laboratories,
universities, and private research institutions in three major activities:
Analytical and Mumerical Methods, Information Analysis Techmiques, and Advanced
Computing Concepts. Analytical and Numerical Methods inctudes analytic amd
nunertcal techniques for solving systems of partial differential equations;
Information Analysis Techmiques includes data management and statistics; Advanced
Conputing Concepts includes software aethodoleogy and research on high performance
systems. Regular meetings with program managers in other Federal agencies help
coordinate these activities. Twn such groups established to coordinate governnent
sponsored research prograse are tha Faderal Coordinating Council en Science,
Engineering, and Technology {FCCSET) panel on high perforsance computing research
and the Interagency Committee on Extramural Mathematics Programs (ICEMAP). DOE is
one of the JCEMAP sponsors of the new Board for Mathematical Sclences in the
Bational Research Councfl of the Hational Academy of Sciencas.

Recent accomplishments of this research activity im computational s¢ience inciude
the following:
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o A fast algorithm, called ®successive 1inkage."” well suited for lattice
problems tnvolving large sum®dtions of potentials with local interactiens
was discoverad. The key step im this algorithe 15 the ideatification of
frequently appearing teres in the summation together with & method for
estimating the frequency with which a giver terc appears, [t has dean
tested on the exactly solvable two-dimensional Ising madel which is used to
descrise ferrondgnetic materials and yvields oest pessible results mmong
all exact summation algorithms for finite square lattices, Extrapolation
methads were 2150 developed which enable one to accelerate convergence to
therwodynamic limtts in {afinita lattices.

o A new class of high resolution finite difference mathode for medeling
compressibte fluid flow probleme with discontinuities has been deviloped.
These methods incaorporate the nanlinear wave propagation properiies fnta
the algorithm, leading to methods that are stable and robust f& the
neighborhood of shock waves and slip surfaces and are still mighly accurate
§n regiens of smooth flow. Thaese metheds have resolution capabilities that
are close to the theoratical maximum attainable and represent a major
advance fn the state of the art that is unlikely ta de surpassed in the
nedr future., These methods are being incorporated into large applicatian
programs used in the weapons desigr and Yaser fusion projects.

o The University of I11inois established the new Center for Supercomputing
Research and Development whose goal 1s to demonstrate the effectivemess of
their "CEDAR" design strategy for parzllel architectures and associated
dlgorithas and software. Major support for the Center is heing provided by
DOE; the State of [1linpis is providing faculty positions and building
space, CLCenter faculty and staff consists of interdisciplinary teams
with expertise in problea decomposition, parallel algorithas, architac-
tures, and networking, including close collaboration with the Mathematigs
and Computer Sciance Division at the Argonne Natienal Laboratory. Leaders
from the supercomputer industry have agplauded the fermatfom af the
11l1inois Center and ttate that such canters are the zppropriate places te
carry out the rasearch required for new generations of supeccomputers.

in FY 1985, an enhancement in the research effort in large scale scientific
coaputing was started, with emphasis on algorithms Tor large scale parallel archi-
tectures based on several experimental camputer systems under study. The emphasis
on new parallel processor architectures applies to all three activities of the
research subprogran.

The R&D projects eavisioned have two important facets requiring substantial
cooperation and coordination asong traditionally separate groups. One facet is the
interdisciplinary teams of computatfomal scientists, computer sclentists, and
mathematicians working on all aspscts of large scale scientific computing problems.
The other is the cooperation of industry, government and univérsities on the design
and engineering of examples of saveral potentially stromg candidate architectures;
this wi)) be an important proof of concept activity.

University researchers will play the major rale In gererating {deas and research
software and in training graduste students in generattng new applications,
Government laboratory staff are in the forefront ef tackiing real worid, large
scale sclentific problems and have unique resources for participating in these
research projects., [ndustry 1fkewise has a unique role in providing state af tha
art production and testing facilities and would stand to reap great benefits in
understanding future architecture and seftware isswves that tend to limit industry
use of supercemputers currestly, The traasfer of technology from the acadenmic and
laboratory research eavirorment to industry will be as rapid as possible through
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thesa cooperative projects. The OOE program will be coordinated with the other
agancies to share common facitities where possible, such as very large scale
{ntegration [YLSI) design facilities and component fabrication.

This subprogram supports interdisciplinary teams including analysts, applied
mathematicians, computational scientists, postdoctoral fellowships and graduate
students collaborating in universities and national Taboratories to research
parallel algorithms for mathematical software tools used in impleiienting these
models. As documented in the David Committee's report, "Renewing U. S.
Mathematics: Critical Resource for the Future,” published by the Netional Research
Council of the Kational Academy of Sciences, DOE's research program im applied
mathematical sclences plays a lead role in support of basic research at the
interface between mathematical and ¢omputational scfences. The shortage of
graduate students and post doctoral support in this crucial area 15 becoming severe
and the current demand Tor trained computational scientists by industry i3 rapidly
draining the academic pool and the pool of talent available to the Naticnal
Laboratories. The intent is to strengthen the ties between universities

and the Laborataries and to provide salary support and coEputational resources in the
disciplines assoclated with computational sclence. The DOE program. with its
untque history of basic resaarch ia these argas, is posttioned to provide strong
leadership In filtling the "pipeline" from graduate studies to post-graduate studies
to resaarch positions in academia and the Laboratories.

Several projects were begun in FY 1985 at the level of between $1,000,000 and
£2,000,000 per year ta provide for fabricaetion and software devalopment of parallel
architecture research machines. Each project represents a collaboration among
universities, natfonal laboratories, &nd private industry. Funding to support the
cumpletion and operation of these research machines is required 1n order to riake
thesa facifities available to researchers at other universities and taboratories
via 2 national networt,

The most advanced of these ts the Cal Tech Cosmfc Cube project inttiated by DOE in
1983, [n 1984 a 64 processor version of the Cosmic Cube (6-cube) was running a
variety of sclentific problens, inctuding lattice gauge calculations of the heavy
quark potenttal, problems in astrophysics, seismic exploratfon, chemical dynamics,
and tihe travaeling salesman (sigvlated annealing) algorithm, The research team
supported by DOE includes faculty and graduate students from physics, applied
mathematics, computer science, chemtstry, genphysics, and engineering. In addi-
tion. visitors from DOE laborateries and other universttias are participating in
this praject under separate support. Intel and OEC donated a large amount of
equipment te this project. [ntel recently announced the commercial versign of the
5, 6, and 7-cube based on the new [ntel 80286/B0287 processor Sat. Problem
decomposition techniques and multiprocessor saftware 1s avaflable from the Cal Tech
group. Interest 1n acquiring the Intel cubes has been expressed by at least three
00€ laboratories and several unlversities, In FY 198G, a 128 processor version of
the Cosmic Cube (7-cube) was brought up and conténues to run reliably.

Rosearch conmpleted to date has demonstrated the viablivty of thiz approach for the
homogeneous system design. The scalability of this architecture to very large
scale parallelism in a variety of problem: needs to he verified axparimentally.
This requires continsation of the current plans to an experimental machine capable
of handling praoblems of realistic complexfty. In FY 1986, the project plans to
continue the relatieaship with the Jet Propuision Laboratery's engineering and
fabrication resources to build 2 much more general purpase version of the Cube,
using a modern microprocessor with vecter floating paint capabilities (a short-
coming of the 16-bit Intel chip in the first Cube). This experimental machine will
offer modern oparating system utilities that will proyide a much more general
environment for scientific problem solving.
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These projects represent several investiment strategles. The first 1s a
collaboration with a large industrtal partner providing engineering design and
implanantation, with 2 wel) Enewn DOE [aboratory/imiversity partner previging the
mathematical and computer science expertise for scientific applications. The
second rz2presents 2 large DUE supported university group providing again the
mathematical and computBtione] sclenca axpertise and a8 government sponsored
Ysboratory providing the engineering design and implementation. The third cepre-
sents a Jarge, experfenced university and laboratory group using mostly "off the
shelf” companents and far advanced in the development of software for scientific
applications.

The FY 1987 request is 322,650,000, Plans for additional facilfties and

capital equipment projected for the large prejects will be defarred
untll later years, when suitable research machines can be made avaitable.
Tha FY 1987 capitat equipment budget request is £300,000.

Energy Science Advanced Computation

With the advent of modern supercomputers and the maturing of computational
techniques, computational sclience has joined experiments and analytical theory as
an equal and very esseatial tool in the advancement of science and technology. The
Energy Sclence Ardvanced Computation program provides computational support fer
rasearch programs (other than Magnetfic Fusion} that are supported by DOE's Offfce
of Energy Research [0ER}. These CER programs include High Enecgy and Suclear
Physics, Basic Energy Sciences, and Biological and Environmeéntal Research, The
goals of the Energy Science Advanced Computation program ara:

¢ to provide access to modern supercomputer systems for researchers that
are funded through the OER programs;

o to build the knawledge base meeded to improve camputational technologies
throughout the OER pregrams;

¢ to provide more effective computational tools far supercomputer systems in
use by the 8ER programs; and

0 to shorten the lead times required to implement the results of the OER
Supercesmputer Research prograa 1nto existing OER applications and super-
computers and systems software.

The OERA researchers served by this program are geographically dispersed throughout
the United States and have collaborations with research cemmunities overseas in
Europe and Japan. During FY 1383, an enhanced Class VI computer System was
installed at the Natignal Magnetic Fusion Energy Computer Ceater (NMFECC) to
provide computational suppart to these OER programs through the nationwide Magnetic
Fusfon Energy data communicatiods network (MFEWET).

This enhanced Class VI computer system has been very instrumental in the progress
of the OER research programs, such 35 designing and wodeling of the physics of high
pawer klystrons, determining the electron enargy band structuras of sew classes of
materials, e.g., heavy fermion materials, and ecological medeling the theory for
“faunal buildup of competition communities.” This enhanced Class V1 computer
systen has been operating at over 90% utilization level (28 hour/day, 7 days/week]
since its second month of installation.

Recant accamplishments in the Enerqy Sciences Advanced Computation activity imclude
the establishment, during FY 1985, of a Supercomputer Computations Research
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Institutpe (SCRI) at the Florida State University, the expanston af the MFENET to
include over twenty (20} new geographical sites, the additiom of over 1200
sypercomputer users actively engaged fn OER research projects at the NMFECC,
and the development of the first timeasharing operating system for operation
on 2 multiprocassor supercomputer configuration. This operating system is
targeted for yse at two of the mew NSF Supercomputer centers during fY 1986
and will be supportad by the WMFECC. The SCRI was established via a
cooparative agreement te conduct research in computational science related
to the UER mission, to develop effective computational tools and systems
software for use on supercomputer systees, and to operite a supercomputer
facility. The SCRI installed a COC Cyber 205 computer system, of which
approximately 65 percent of the system capacity was used for OER related
work and over 80% of this capacity had been allocated to university
rasearchers. This operation was alsp incorporated as @ major node on the
WFENET far nationwide access,

For FY 1987, a total of $10,135,080 1n operating funds is requested. Based
on the need to batance the budget, funding for the Florida State Computer
Center has been alimtnated. These funds will be used to provide additional
network capabilities for this supercomputer access program fncluding remote
user processor upgrades, replacements and iInstatlations, to proyide a
replacement ¢1le managesent/mass storaoge system for the obsolete COC 7600
and 38500 cartridge devices, and to allow for increases at the NMFECC for
supplies, utilities, salaries, communications lines, and hardware
maintenance. Tha distribution of costs js: $1,6800,000 for network access
facilities and equipment; $500,000 for Iease<to-nwnershtp of a file
management systems and mass storage; and $8,635,000 for lease and operatign
of tha enhanced Class ¥! computar system. HMowever, due to the magnitude of
the increases for software, suppert costs and communifation bandwidth
upgrades, the curreat Jease of the enhanced Class VI computer system wil) be
converted te a 1sase-to-ownership arrangement.

Also, 1t should be noted that separately identified uvnder this activity is @
Major Item of Equipment, 3 Class Y computer system which was initialiy
procured in FY 1986, at the Argonne Nationa) Laboratory [ANL). This system
while only partially funded in this program is essential to replace an
existing outdated system at the ANL.

Fer FY 1987 capital equipment funds in the amount of $600,000 are requested
to provide replacement parts and low cost mass storage peripherals at the
NAFECC.

FY 1987
Fy 1985 FY 1986 Regquest

Engineering and Geosciences
Operating EXPenses...ossesemmnacsannns $ 26,085 $ 25,51 $ 29,412
Capital Equipment...ccocacnsmsacsrmncas 1,500 1,443 1,750
7,698 0

COnSERACL 0N o as sunsanssonnmunsds . 0 s
subtota.l-Iilibliiti!i!ﬁflillblll ! EJQEBS ¥ : IIIIEE
This subprograa provides for the principal ressarch efforts aof the

Nepartment of Energy in the varicus aAreas of engineering and the
geosciences, particularly {n the discipltnes of mechanical engineering,
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electrical engineering and engineering physics, geology, geopaysics and
gegchemistry, Research projects are selected for scientific excellence and
their expected Tpng-term impact on solutions ta the Kation's energy-related
problems, witimately to meet tha Nation's need far adequate energy supplies
at reasonablte costs.

The FY 1987 request, $29,412,000 for operating expeases and $1,750,008 for
capital equipmeat, provides for maintainfng a sound balance of activity in each
of the established areas of program focus, with abowt the same number of
engineers and geoscientists participating in these fmportant aspects of energy
resaarch as were involved in FY 1985,

The research to be supported with the requested operating funds 15 discussed in
some detail below. The capital equipment €unds requested will be for equipment
urgently needed at the national laboratorfes such as testing and measuring
aquipment needed for plasma processing research at the Idaho National
Engineering Laboratory (IMEL), warious devices and accessories needed Tor
research at Oak Ridge Nattonal Laboratory on intelligent machines for repair and
other operations in hostile, changing enviromments, and for detectors and signal
processing equipwent needed for research on advanced seismfc and electromagnetic
methads in gepphysics at the Lawrence Berkeley and Livermore National
Laberatories,

Enginegering Research

Engineering Research in this subprogram pursues twa main objactives to meet the
long-term basic research needs of both current and future pnergy technologies: (1)
to improve and advance our knowliedge ofF processes underiying current engineering
practice For the purposa of anhancing energy production and savings, prolonging
useful equipment 1ife, increasing the efficiency of energy systems and

reducing costs of operation while maintaining eutput and performance quality,
and (2) to expand the technical data base and knowledge of fundameatal concepts
far solving anticipated and unforeseen engineering prablems in energy
technologies. Fundamental research 1$ supported in both traditional engineering
d¢isciplines and interdisciplinary areas, addressing problems related te energy
preduction, distribution, and uwtilization.

The breadeh of application ang the character of the research projects
supported in Engineertng Resaarch are shewn oy the impact of the results on
vartoys enargy technologies. For imstance, the principles underlying the
flow of multiphase fluids (i.e., mixtures of gas and liquids) must be well
understood to solve many problems {n the petroleum and chemical industeies
as ~ell as in specific energy supply systems; for example, geothermal,
nuclaar and solar. Research on ganertc topies such as these 15 essesatial to
ansure preparedness and flexibility {n addressing the Nation's future energy
needs, as well as competitivenass in world markets.

To optimize its impact and use of funds, Engineeriny Aesearch focuses 1ts
research activities on three nain categories: [1) Mechanical Sciences, (2)
System Sciences and (3) Engiieering Data and Andlysis. Research supported under
the Hechanical Sciemces focus includes: (luld mechanies, heat transfer,
combustion, solid mechanics and structures, damage and fracture mechanics, and
tribology. Systems Sciences includes: systems analysfs, synthesis and control,
large scale systems, intelligent machines 1in changing anvironments, and
instrumentation research. Research under tha third focus, Engineering Data and
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Analysis, includes;: the develepment ef importany critically evaluated data for
energy engineering, mathematical modeling of systems far from equilibrium, and
modarn engineering amalysis, such as analysis needed for understanding the
aymamfcs of nonlinear systeas,

Stgnificant accomplishments in Engineering Research have been numerous. A
sampling of some of the maore recent accomplishments are given below:

0 Resaarch on the non-linear intaractions betwaen chemical reactions
and transport phenemena aimed at understanding aspects of geo-
engineering important for wranium mining has unexpectedly ylelded
new strategies for petroleum expleration. Two major ofl compantes
{Texaco and Exxon) now fund extension and testing of the new techniques.

o Research on the fnteraction between flutd flow and tube bundles in heat
exchangers has led to the discovery of a key source of undesirable nolse
generation in these essential enargy system components. This knewledge
wlll aid the design of efficient, environmentally acceptable {low noise
pallutfon) heat exchangers,

o Critical laboravory experiments have revealed severe limitations on commonly
used computer simulation of flow phencmena In enclosures. The results of
this research are now used to improve calculation methods for complex heat
transfer preblems.

The FY 1987 request for this subprogram will provide $14,062,000 for
Engineering Research operating expenses. The overall level of effort for
Engineering Research will thus be brought back to that of FY 1985, This will
provide for strangthened implementation of Several efforts for which the first
substantial fundimg was in FY 1985, Including hoth integrated, multidisciplinary
efforts [at ORANL, INEL and NIT) and complementary, single investigator-inftiatad
research in small businesses and at universities.

Geosciences

The objective of the Geosciences research is to develop, in areas pertinent to
the nation‘s energy needs, 4 quantitative and predictfve understanding of
crustal structure, earth processes and the selar terrestrial interface along
with associated advanced tachniques and instrumentation.

The earth and the sun are the sources of the worid's emergy supply. The
earth and 1ts atmosphere are the sinks for the wastas generated by enerqy-
producing processes, Thus, tncreased knowledge in the geosciences is highly
important to meeting the Nation's future ererqgy needs, There 1s need for
the developmant of more advanced methads of eeargy resource recognftion,
evaluation and utilization. There s need for an enhanced fundazmental
understanding of tha compositfon, structure, dynamics and evolution of the
earth's crust and how such processes affect natural phenomena such as the
distribution of energy and mineral resources, eiarthguakes, voicanic
eruptions, storage and transfer of geothermal enerqy, the occurrence of
fogsil fuels and the nature and extent of aguifers.

Geosciences research is carried out principally at the DOE National
Laboratories and at universities. The program supports lomg range research
chosen for fts scientific merit as well as fts special long-term relevance
to energy technologies. For example, coordinated projects in geochemical
migration and cantinental sclentific drilling address directly and
indirectly important long range national energy concerns. Seismic activity,
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tectonic uplift and increased fumarolic activily at Long Valley-Mono Craters
in Califorania have stimulated datafled studies of this area under the DOE
Cantinental Scieatific Drilling effort. These studies are part of the joint
DOE -NSF -USGS program endorsed last year in a special statutory provision
(P.L. 98-473, Section 323).

Geochemical studims of alement migratioin and energy and mass transfer are
providing the knowledge H4se needed to understand the machanisms of aneryy
and mass transfer in hydrothermal systems, the movement of wastes from
genlogic repositorias, and the concentration and location of energy
resources. Research 1n organic geochemistry fs yielding an improved
undarstanding of the arigin, development and emplacement of gas, pil and
coal deposits and is helping develop a cadre of organic geachemists 1a U.S.
universitiss where a shortage has existed for many years. Studiass of the
temperature gradients and tectonic history of subsiding basins lead to a
detter understanding of the development of emergy resources in nature and
thus to their more effective exploitation. Development of new geophysical
systems and their use in resource exploration are leading te improved
methods of locating and defining energy resources and far madeling crustal
systams, Recent Geosciemces accomplishments fnilude the Fallowfng:

o Cooperative Seismic Studies at Long Valley, CA, The intaragency, cooperative
nature of the geophysical studies relating ¢to DOE scientific drilling activia-
ties in the vicinity of the Long Valley Calderaz is illustrated by the fact
that four Federal agencies are involved, ane state agency, seven universities
and one industry in an effort totaling abouwt $2.8 million with DOE providing
about 20 percent of tiee total costs. This concerted affert is attempting to
pin down the three-dimensional configuration of tha Long Valley/Mong Craters
area and determine the locations of magma bodies. The overall effort was
inttiated as a direct result of the careful, nationwide search under tne
auspices of the BES Gepscimnces activity for sites most 1fkely to fulfill
the scientific abjectives for continental scientific dedlling in regtons of
high heat flow (i.e., in thermal regimes).

o field Tests Carried Out of Alterant Geotomography. Tomography has became
familiar in medical applications, but suitable data are rarely available for
imaging sections of the earth below the surface. A neaw technique for this
purpose features use of alectromagnetic waves and injection of condictive {or
tnsulating) rluids through bore holes to alter the conductivity. The first
field test was just caupleted. The *before," “after" and "diFfference® images
ciearly shaw permeable pathways through which the injected fluid meved.

The request For FY 1987 operiting expenses for Geosclences 15 $15,350,000.
The request will &nable program suppart at about the FY 1985 lavel of effort
and permit the strengthening of the small but profeundly lefluential project
on warldwide effects of past asteroid impacts. To the extent possible
within this framewort, tne Oepartment's therma) regimes drilling activities
will be maintained as a key part of the intarigency Continental Scientific
prilting Pragram.

FY 1987
FY 1985 FY 1986 Request

Advanced Energy Projects
Operating EXpEnSeS.cccscesaccrsnansnnns $ 10,048 $ 7,286 $ 8,932
Capital Equipeent....csvescesscssmsnnns 320 308 330
Total Advanced Energy ProjectS....... $ 10,358 3 7.904 § 9,252



The phjective of the Advanced Emargy Prafects subprogram is to explore the
feasibility of novel, energy-related concepts, as they evalve from basic
research. Sucth concepts are at an early stage of scientiffc definition and,
thereforg, would net qualify for support by technology programs. Because they
aré new and untried, thesa concepts invariably represeat a high risk; to qualify
for support they aust also have the petential for an eventual high pay-off.
Also supported is euploratory research on concepts that do not fit easily into
the existing Department of Energy program structure, An area of major
prograamatic attentfon 1s the transfer of successful projects to proper
technology programs; such transfers are effected every year,

Exploratory research on novel coecepts is needed to provide the seed for
technfcal innovation. However, such research does not generally qualify as
basic research, where the objective is to gain knowledge and understanding of
processes and phenomeaa in nature. Hefther does it qualify as technology-
retated: the 1ink with any specific technology neads yet to be established.
Hence, the Advanced Energy Projects subprogras fi111s 2 very real void between
basic and techrology-related research.

Thus, for example, sever2l novel apprpaches to controlled fusion«=very different
from thase currently pursued--have been propased as a result of basic research.
ne such appreach, known as "mwon-catalyzed fusion,® evoked considerable
interest and produced unexpectedly promising results; however, this research is
sti1}1 at toc early a stage to determine if muon-catalyzed fusion can be
considered a viable process for energy qeneration. The concept #s actively
being explored under Advanced Energy Projects spansorship.

The mode of gperation for this interdisciplinary subprogram is to support
Tndividua) projects for a Vimited time only; it differs from other subprograms
in that it does not feund ongoing evolutionary research. Yhe spectrum of
projects sepported is very broad, encompassing, for example, the development of
new sources of elactromagnetic radiation, new methods of better fossil fuels
utilization, totally new apprcaches to controlled fusion and new approaches to
selar energy collection and utiiization. Close contact is maintained with DOE
technology programs to ensura proper coordination. Projects are selected on the
basts of umnselicited proposals received from researchers at universities,
ifdustrial laboratortes {especially small R&D companies) and national
Jaboratories.

In FY 1885, about 40 projacts are betng supported, which Atlows a turnover

rate of about 14 projects a year. A recant accemplishment of Advanced

Energy Projects is the demonstration, far the first time, of a laborntory-ccale
x=ray iaser; the range of potential applications is very broad and includes
medicine, micralithagraphy and materials research--to name a3 few., Also last
year, a free electron laser (FEL) experiment supparted by Advanced Energy Praojects
yielded new results of break-threugh preportiens, making FEL a lmading

candidate far pawerfng new generations nf particle accelerators, as wall as

for other applications.

The FY 1987 request for the Advanced Energy Projects subprogram is
$8,932,000 in operating expenses and $330,000 in capital equipment funds.
This will maintain the total number of projects supported at about 40 and
will allow continuation of the fnitistive in exploring new ssurces of
electromaghetic radiatton such as laboratoery scale x-ray lasers. Support
for the muon-catalyzed fuston effort will continue at slightly enhanced
funding levels.
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FY 1387

FY 1935 FY 1986 Request
Btolegical Erergy Research
Operating ExpenseScssrcassrasvssananse 3 12,360 § 11,960 5 14,538
Capital eqrimeﬁteseesqw*»é@iri.--i... 569 hl5 510
constructiﬂndi!bliill_llt!ogl-ig-lll-lllwil ¢ '5'??3- 1]
Total 8iological Energy Research..,, § 12,920 § 16,008 § 15,148

YThe Biological Energy Research [BER) subprogram supports research activities
in both the plant and microbial sciences. The cblective of this subprogram
is to obtain the fundaaental knowledge required for tag future development
of bialggical systems that praduce or conserve energy resources. The
research emphasis 1% directed towards wmderstandfng biolegical mechanisms.
The program areas 1n the botanical sciences are directly related to plant
productivity, including research on the miin energy supply mechanism for
living organisms, photosynthesis and the related fields of plant
bisenergetics and metabolism. Research on the structure and fuaction of the
complex carbohydrates that mike up the plant cell wall are of particular
{nterest as these chemicals net only provide Structural support for the
plant, but alse constitute the major renewable energy resource. Recently,
the carbonydrate compenents of the cell wall have been implicated & having
significant roles in plant requlatory preacesses, developmaat and protection
ajainst pathogens, Studies are supported on the molecular mechanisms
involved 1n the regulatfon of plant metabolisw and develepment which are
agaia directly related to plsnt productivity and enesgy toaversion
efficiency. The molecular avents involved in the adaptation of plants to
environmental stresses, as well as tha molecular and cellular iateraction of
plants and microorganisas, both symbiotic and pathogenic, are likewise areas
of interest as these interactions are often the limiting factors in plant
growth. ®Research on the physiological genetics of plants and the associated
genatic expression mechanisms can provide the information necessary to
develop plant types with superior characterfstics for efficient plant
resource production.

The microdiological studies supported by the 3ER program are primarily
concantrated in the areas relating to fermentation biclogy and to the
interaction of microbes with plants. Tne objective of the fernentatien
rasearch §s to vnderstand, at the molecular and cellular Tevel, tha
micrebial conversion of renewable substrates to potential fuels, chemicals
or chemical feedstocks. The research emphasis is on the degradatian of the
major biological polymers, cellulose, hemicellulopse and Tignin. The
degradation of these polymers frequently invalves several types of microbes
atting in cancert, The rature of these interactions and the enzymes that
are responsible for the degradation process all are actiye subjects of
research. Methane, a tommon end product from the natural degradation of
polysaccharides, 15 generated by certain angerabic bacteria. The process of
methanogenesis and the study of the organisms responsible along with the
study of sther neglected microorganisms with the poteatial For novel and
valuable fermentatiens, have deen areas of special effort by the BER
subprogram. Examples of the category of plant microbial interactions
include studias an sywbiotic nitrpgen fixing bacteria and the microbial
processas that alter the properties of soils such as the bacierial process
of denitrification of soils.

In certain areas of biptechnology at Jeast, it 1s becoming mora apparent
that the most seripus limitation to achieving new genetically tailored
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products {particularly plants and certain microerganisms) is the lack of
understanding of the traits to be altered {"targets"). Thus more attenticn
is needed §n understanding the Fundamental genetics, physiology and
btochemistry of arganisms., Such stwdfes must become more prominent to
balance the yvery rapid progress befng made #n such areas as developmant and
use of new genetic vectors for transmitting DXA, unraveling of guestions of
how genetic messages are read and expressed and other molecular biological

areas.

In fact, 1t might be said that the compatitive U.5. posftion in

ragard to the application of genetic engineering in biotechnology could be
undernined if insufficient attention i given to building the strong
hiological understanding needed to apply the elegant gemetfc techniques.
Clearly, the U.S. maintains a commanding deminance fn respect to the genetic
aspects of biotechnology, but with raspact to Such areas of fermentation
technology and natural products chemistry, mo such lead extsts.

fwo representatiye research advances evolving from the BER program this past
year include:

1.

The obtaining of evidence from Raman microprobe spectrographic analyses that
1fgnin, the noncarbohydrate portion of plant cell walls, exists tn a highly
ordered orientation with the aromatic subunits being arranged parallel to
the plane of the cel) wall. Such imfaormation could lead to the development
of new strategias for performing chesical and microbial degradations,

The pigmant, phytochrome, which contrais numerous morphafogqical developments
in plants, has anly recently been Shown ta exist as two distinct molecules,
one as found in dark grown (etiolated) plants, and the other as typically
found in 1ight g¢rown green plants. The protein characterization has been
performed in association with tloning of the genes for these proteins. Such
results could lead to a bettar understanding of 1ight controlied develomment
in plants and ultimately plant productivity.

The funding requested will permit the continued support of current projects
at adequate funding levels, with enhanced support being allocatad for
several ongoing projects in the area ef complex carbohydrates and several
neglected areas of plant and @icrobtal research. A recent workshop on
future research directions has fdentified these currently funded areas and
sevaral other resparch opportunities as meriting a high priority for
enhanced funding. An effort also will be @ade to respond to a few of the
numerous very high guality research opportunities presently avaflable in

these arpas.

Fr 1987
FY 1385 FY 1986 Reguest
Frogram Direction
.'er‘ating EXPQHSGSH.......--.- CILBLIE N N R 5 3.330 5 3-499 i "125
Total FTE'Siceceascnnressnsncncionananes . 83 63 63

The FY 1987 request for Basic Energy Sclences Program Birection is
$4,125,000. Thesa funds are required to provide for the parsonne]l and other
costs associated with 63 full=time aquivalents. The additional funds will
pravide for within-grade and merit increases, and other Increated costs
associated with managewent of this program,

8asic Enerqgy Sciences is a broadly diversified program responsible for
mission-oriented research, the chief purpese of which 1s to pravide the
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fundamental scientific and engineering base o which the Mation's future
energy options depand. Its staff muyst possess expertise caovering many
subfields in the areas af chemistry, physics. engineering, metallurgy,
geosciences, mathematics, and biology, as well as 1a administration,
pracyrement and financial management, The staff is responsible for develop-
ment , direction, and management of complex technical pragrams, each
tnvelving one or mare of the scientific areas mentioned above. Their
activities include assessing stienti{fic needs amé priortties of the pragram,
plannirg to maet those needs, technical review of proposals from Yadoora-
teries and universities, and monitoring the progress of ongaing university
contracts, laboratory programs, and construction projects, as well as
responding to the many day-to-day reguirements involving budget, procurement
and other management activities.

The research effert involved in the Basic Energy Sciences program s
extremely diverse. 1In FY 19B6, for example, over 1,200 research projects
will be underway either at the Department's Jaboratories or at mera thaa 1%0
tolleges and universfties in 45 states. Evaluation, monitaring and
managesient of this lacrge mmzber of diverse projects are done almost entirely
from the Headquarters and require frequent cantact with the contractors and
laboratory staff, invelving numerous workshops, planning meetings, and
project and program reviews throughout the year. During recent years the
numder aof research prajects at universifies, with industry and net-for-
profit organizaticns has increased from 18 to nearly 30 percent of the BES
budget, and the BES staff workload per offsite project is significantly
ygreater than that for a laboratory project. This #s especially true with
regard to evalaation of proposals. of which approximately 10 percent of
those reviewed result in new contracts or grants each year, The requested
staffing leval i5 required to meintain a strong core program; to evaluate
research programs including those In nawer emerging priorfty areas having
great potential importance to energy; to oversee managemant, operation, and
engoing construction of wnique research facilities; and to promote early
application of the results of this basic research.

In additien to the gngofng basic rasearch progrem, the Congressionaily
mandated SBIR program {Public Law 97-219) 13 mzanaged by this staff. This
proyras has resulted in a heavy workToad requiring extensive use of overtime
and diversion of other scientific and administrative staff from their
regular duties to assist in the SBIR wark. FY 19886 ts the first year all
three phasss of the program are in oparation at the same time. This results
fn fncreases in the numbers of proposals to be processed and evaluated, pro-
curements and projects ta be monitored and evaluated, site visits for those
projects entering Phase II, and debriefings requested by proposers net
receiving awards. This effart will continue during Fy 1987.

The BES program also Funds the Scientific Computing Staff which was
established to menage two important activities related to large-scale
scientific computing: (1) the Applied Mathematical Sclences research
sybprogram, with research projects Bt tea natiosal ladoeataries and over 30
universities, and {2) the Magnetic Fusion Energy Computer Network, which
supparts suparcomguters for over 2,000 ER research comtractors. 5Specific
workload inmcludes assessing sclentific needs and priorities of the program;
pianning to meet those needs; managing a Targe number of research projects,
fncluding conducting peer reviews and evaluating proposals from laboratories
and untyersities; monitaring the progress of ongaing university contracts
and laboratory programs; managing the Mageetic Fusion Energy Computer
Natwork; and providing & single DOE focal point to maintain liaisen with
other Federal agencies on policy matters concerming basic research and
CCR5S TO SUpercomputers.
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DEPARTMENT OF ENERGY
1987 CUHGRESSTUNH[_BUUEET_RE EST

N
Eﬁﬂﬁ_smmrﬂ
T BASIC ENERGY SCTEWCES

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

1. Title and location of project: Beam lines and support area construction 2. Project No.: 84-ER-111
National Synchrotron Light Source (NSLS)
Brookhaven Nat{ional Laboratory, Upton, RY
3. Date A-E work Tnitiated: 1Ist Qur, FY 1084 5. Previous cost estimate: $19,428
la. Date physical construction starts: 2nd Qte., Fy 1984 6. Current cost estimate: $§ 19,428
Less FY 1943 PLAD: b !
4. Date construction amds: 4th Qetr., FY 1987 19,428
Date: January 1986
7. Financial Schedule: Fiscal Year Authorizations  Appropriations Obligations Costs
1684 £ 2,500 $ 2,500 $ 2.500 $ 1.396
198 7.400 7,400 7,400 3,290
1986 6,928 6,928 6,928 6,528
1987 2,600 2,600 2,600 68,214
B. Brief Physical Description of Project

Current pregram planning anticipates the meed for the insertion devices {wigglers and undulatars) and beam lines
{feont and end beam transport and experimental statfons] to the mxisting VUV and X-ray rings. Design, labricatfen
and construction of up to three inSertien devices and Stx heam lines is presently anticipated with the final
configuration to be dictated by programmatic demands and the state of the art at the time of construction,

The project atso provides for deiign and constryctton of bullding space to house technical work areas, taboratories
and offices and provide additional experimental $taging and support areas.



981

CONSTRUCT JON_PROJECT GATA SHEETS

L.

Title and location of projec’t: Beam lines and support area construction 2. Prolect No.: 84-ER-ll1
National Synchrotron Light Source {KSLS)
Broekhaven Mational Laberatory, Uptea, MY

B. Brief Physical Description Of Project |continued)

A,

K.

New Experimental Equipment

1his preject provides for an expansien of experimental capabilities which wi)) be mave avatlable to general users
from university, Industrial, national and Jovernment laboratories. The greatest use fs antfcipated te be by
matertals scientists, but sigeable participation is expected by chemists, biologists and other disciplines.

The new equipaent will consist of a new wiggler device and the upgrading of a second wiggler, Lwo associated
beam lines and ancillary equipment; & soft X-ray undulator and asseclated beam 11nc; and an 1nfrarced beam 1¥nec.
The exact design of this enuipment wi il be determined as the project progresses.

Rew Building Addizion

The proposed addition te the WSLS butldtng will provide support and staging areas. laborateries, technical work
areas and sffices to promote more coffective utilizaiion of the NSLS facitity. The technical staff will move to
new work areas, making mere space availabla for the new beam limes. Extending the experimental space adjacent t
portions of the YUV and X-ray storage rings will allow a number of Yong beam lines with new capabilities to bDe
zonstructed, permit additional branching of existing perts, and give seme extremely wseful space to users for
spocialfaed support eqiipment.

The expansien will add approximately ©§,500 square feet of now space in a two-story addition on the north and east
sides of the existing building.

The grpund fteor includes expanded experimantal areas for X-ray and YUY storage rings. an angicgraphy svite,
laboratories, offices, technical work areas, a seceiving and gas storage area, expanded lobby, nrechanical equip-
ment rooiss and several publit rooels. A tunnel cennecting the greund fleor ta techmical work space in an adjacent
faciitty wil]l be previded. First floer gross area is 25,912 sGuare feet.

The secend fleer includes offfces, technical work space, design and womference rooss and @ mechanical equipment
roorl. Second flnor gross area is 27,968 sJuare feet, larger than the original concept by 4,650 square feet in
erder to accemmodate the increased need,



CONSTREUCTION 2R0JECT OATA SIEETS

1. Title and location of project: Beam Times and suppert area constructlen 2. Project He.: B&-FR.I11
Nationsl Synchrotron Light Souice {NSLS)
Breokhaven National Laberatery, Upten, NY
8, Briel Physical Description of Project |continued) o
Tho addittons wii | be designed to current 00F energy conservation standards and contain fire protectien systems.
Access by hand$capped persons will be provided.
C. Exlisting Facility
The MetS consists of {wme electron storage rings, an injaction syste’ common to bath. cxperimental beam ilnes,
expertiacntal equipment, and office and suppor: area all of which is housed in a 74,000 sguare foot building.
The 25 GeV X-ray storaye ring provides fer the possibility ef 28 primary beam pcrts, each of which is capable of
accammodating several experimenta) beam lines, The YUV ring provides fur 16 beam ports which are also capabic of
accommodating several experiments each, In sum, nore than 90 experimerts can be Carried out at one time when the
facitity is fully imstrumented. in additien to general usors, retearch Yroups called Participating Research Teams
(PRT’s) from unlversities, fadustry and national and governaent laberatories, upon advice by a program commfttae,
e awd approval by the HSLS Departoient Chairman provide imstruaents to carry out research prograxs at the NSLS
€ facility, Their instruments are made avatlable to general users for 25% of the avaltable thine. General users are
=¥ sble to use a3y of the experimental 1tnes, PRT or community 1ines., upen approval of thetr experimental propesal.
The MRLS is opcrated as @ user facility. This means that researchers from BNL and other Taberatertes will be
able, after review of a proposal by a committee of distinguishod scientists, and acceptance Oy the WSES Department
Chairman to carry out an experiment using etther the Uy or X-ray radiation produced by the rings,
9, Purpose, Justification of Need for, and 5cope of Project

The response from users, both within BNL and outside, has placed = demand on the NSLS facility far surpassing its
present resources, The limited beam 1lines combined with the |Imited spaee availabdbic wakes expansion of experimental
research within the present coaflnes of this facility undracticable. In erder to support further development of
this facility it will be neccssary to provide additional fioer, laboratory, and staging space. An experlmcnter
should have a choice of a wide range of instrumnents which he can uwtilize for this research. To provide this choice,
two tynges of instruments are proposed:



CONSTRUCTION PRUJECT DATA SHEETS

1. Titla and location of project: Beam lines and support area construction 2. Project Mo.: 84-ER-111
National Synchrotron Light Source (NSLS)
Brookhaven Kational Laboratory, Upton, WY

9, Purpose, Justification of Weed for, and Scope of Project [continued)

a) The insartion device beam 1fnes and the {afrared beam lina will provide a range of wavelepdths and
intensities not presently available at bending magnets. These instruments will be used hoth by general users
and by membars of the Insertion Deyice Teams [(IDT’s).

b}  Instruments for yeneral users that will complemesnt those already provided.

A, WMew Experimental Equipment
The original development plan provided for a small number of bending magnet beam lines. Furthee¢ instrumentation,
alsa originating in bending magnets, was tc be made avalladble by Participating Hesearch Teams (PRT's), who
installed beam lines at the rings at their expense and made 25% of the experimental time on their lines available
to generat users. The growth in user participation has far exceeded esar)ler expectations.
:;; ODevelopments in recent years has 9iven a high scteatific priority to insertion devicas. In order to provide this
@ important new exparimental capabilfty at the NSLS, it is preposed to accelerate beam line construction, Following
the recommendatfons of the previously noted 3tudy comsittees, ft I3 essential te provide Tnsertion beam lines at
the eariiest pessibla date.
B. New Building

The design for the original KRS bullding emphastzed long terwm space requirements for the scceleratorfstorage
rings and the equipment assocfated with thefr control and operatfon. Adequate space for experimental beam Tines
around the VUY and X-ray storage rings was alse provided. Future long heam 1ines that extended beyand the
building walls were regarded as a future option.

The space for the machine and experiments was given highest priority in inittal design, while support sredas were

provided to satisfy raqulrements for projected use during the initial years of operation. A possible expansion of
experimental support areas, work areas, and offices was allowed as a future optien., Therefore, only minimal space
was given to laboratories, the second floor office-administration area, and other support areas. A portion of the
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1. Titile and ltocation of project: Beam lines and support arez constructian 2. Project MNo.: 84-ER-111
Mational Synchrotron Light Source (MSLS)
8rovkhaven National Laboratory, Uptom, NY
. Purpose, Justification of Need for, and Scope of Project [continued) * .
X-ray oxperimental floor was occupiaed by technieians until such time that a need would arise to instrument Ports
X1 through X8.
It was projected that during the early years of operations, up te appreximately 50 aof the 28 X-ray and 16 WV
parts would be uttlized. CGurrently, there are 1B beam lines operating at the X-ray ring, 7 more will be ready
fer opuratien this year and an additional 17 are in varipus Stages of planmniny. I[n the VUV, there are 13
eperating, 11 more that will soon bo operating, and LE fn planeing, The extremely enthusiastic rasponse of the
sclentific comimunity now forces us to advance the expected rate of beam 1ine construction and building expansion.
This response, ceupled with the beam lines to be provided by the praject, fndicates that the experimental floer
will be extremely crewded and additional support space wuuld be essential.
The original design anticipated a possible need for future expansien. The building frame was designed to support
b= a third l'loer over the office administration wing. Site utility lines were kept at least 30 leet from the
Co huilding foundation, Adequate space was left between the NSLS buildings and the Safety and Enviromsental
&  protection building.

In addition to the pressing need to raturn exparimental floor space to its fntended use, the expansion will
provire adequate office space for the permanent staff and weerk arwas to complement Lhe research and development
associated with the anticipated programs. The short connecting tunnel detween the MSLS building aad the basement
utf the adjacent lestrumentation duilding will connect the NSLS staging areas to am area where extensive vacuum,
iastrument, and other NSLS support activities are located,
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CONSTRUCT[OK PROJECT DATA SHEETS

1. Title and 10cation of proJect: 6aam lives and SAPPOrt oreo tonstruction 2. Project Mo.: B84-ER-111
¥ational Syochrotron Light Source (ASLS)
droothaven Mational taborotory, pton. NV

8. Purpose, Justification of Need for. and Scope of 'r_gjitl {continued)

Annual Costs

The estimated tncremental operating costs of the proposed NSLS beam lSnes and suppgit area construct.fon are listed
betow. Costs are 4n FY 1986 dollars.
(0ollers §n Yhousands)

Materials, Supplfes, Suppori Services 3108
Electri¢. Power 278
Ganeral and Adninistrative 46
Total 37
10. Detatl of Cost Estimate /Y Jtes Cost Tota) Cost
a. Engineering, desion and nSpectiomn, Inciudtag A€ f@@......c.coiivscrcvacsoces § $ 4,080
hv 1and and lam rights..oc 4440400040 r0d 00 s+t etP +2P 0090 40c0Pcs0csls0éleiérotrcconn 0
L [COME L LACRTONTCORR S . (sere o miatinale o/ aitte Vs oxails 0. clolv alelo tiaisfa¥a ¢ ofs o e sise No a¥a il aP + BB cials + ol 12,990
{1). 88an Lire constroctions .. & Je i B L0 el oo adole cresien byt AR sl | 5,763
(zl s*tmrk..‘.1...001o..v-’v.r.-...vsr.’.-(.......’0'....!-...brcvrno.v..‘r.o 1“
13] str“‘lurest.-...‘O".‘-v‘...'i..‘.'l‘.'... C0292 00 0@l es900 *020020080)vvr0ronce o ﬁim
“] ‘.C'I’t’ M‘ldtim- -------- 0000 09009200203 000000 03 000000200000 00000>0~ ‘00
d. St.n‘.'d quim...o...:.o‘.o.-ro.o...-r.o.-0000000000001.00 ............ LR N S E.“
e OOt . . .. hs. b aei —I1.TE
t‘ t‘akmol°I'.IOOO.'..OIl"l..Q.‘..l‘.l.D.l.'l#..’...".Cs.'t.o.oo‘ootos-'.o l Tln
Total pmiect @®0Steercooconn m.

%’ Estimate 12 based on awarded conventional censtruction contract.

Y Escalation rates confoim to tim geidelines prescribed fn the Depaitment of €Enerdy Field Budfet Process Chapter,
Avgust 1384, which are based on the materials and l1abor data contained in the Energy Supply Prenning #odel and escalation
rates rorecested by Dats Resources, Incorpori:ted (DR[). Current costs have been escatated W 6.6%, 4.9V, 643 and 67X
per yeor on beam 1ine construction for FY 1984 throuyh FY 1987, and 6.4%, 5.48% and 4.6% on conveniignal construciion for
FY 1983 through FY 1986,
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1.

11,

)2,

16T

Titie end 10Catlgo of Praject: Gem Fines and support Ared sonstructiown 2. Project Mo.: B4.ER.LIQ
¥ational Symchrotron 1ight Source (NSLS)
Scakxbaven Kitional Laboratory, Uptan, NV

Wethod of Performance F =

Insertion device and beam line constructian (s un!que and therefore the comceptual design, final design, assemdly
and testing will be dane by the staff of the National Synchrotrow Light Source of the Brookhaven Nattfonal
Leboratory. Compoment parts wherever Possidle wil) be fabricated by industry ander Fixed Priced compet(lively
ohtainad procurement actions. Sume Components moy be fabricoted tn the existing shops at BNL, It §s also
anticipated that other taboratories, private comsul ténts, and industrial firms will be used far advice aw spec|flc
prodblems. Uullding design will be gn the basis of 4 negstiated architect-engineer comtract and [tS constructlon
will te by & competitively obtaimed lump Sum contenct which may be phased.

Funding Schadule of Project Funding end Other Relatad Funding Requirements

Pefor Years FY 1984 F¥ 1985 FY 1986 FY 1997 Tote!
3. Tatal project costs
1, Tlgtal factlity costs
8) Coostriktion 11ne ited......... $ 0 $ 1,396 S 3.290 $ 6.528 $ 8,214 $ 19,428
B CPEDN. e B2 hdr conncn g B o tioh 0 0 0 0 0 0
{ } Expeasa Funded Equimment,.,..., 0 0 0 1] ¢ 0
d) ImCntorieS.. . ciiciciericnacene o 100 100 0 200
Total facility msasts........... 0 !‘ﬁ ) 6,628 6,214 T 19,63
2. Ozher praject costs
(a) R8O necessary to comiete
construction of baam lines.... 900 S00 =00 0 0 200
‘b] OCMI'.......... ctt0PestéorPeanaa U 0 _ﬂ? g 0 O
Total other preject funding.... G008 500 1] 1_,%
Total project funditg.......... §__ o900 §_L a0 2w T erE T BIE TA,
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Title and locatfon of project: Beam lines and support area constructfon 2. Project %o.: Bid-ER-111
Kational Synchrotrom Light Source {NSLS)
8rookhaven Natiomnal Laboratary, Uptom, NY

12.

6l

Funding Schedule of Project Funding and Other Related Funding Requirements [continued)

b. Total related funding requirement (estimated 1ife of praject: 17 years)
1. Operating coSESc.cusnarsascessvsessvosastssonenanreospresense SRS ¢ 432

2. Programmatic oparating expenses directly related to the facility..eannns

3. Capital equipment not related to construction but related to the
pmgramat': effart.’----a-.---Il#llll.l-llél-llll‘l-.l LR E IR BN N I

4. 6GPP or othar construction relatad to the programadtic elfort...cveancess

5. Dther custSblivnooc"|00loilrcolnoytonv-étn- ------- (AN E A RN EEENESRNNENNENHSX ]

Total other related annual funding requirementS....oevvoevvee

caswuswacsrva

...

Warrative Expianation of Total Project Funding and Other Related Funding Requirements

a. Total project funding

l. Total Facility

(a) Construction line item - no narrative required.

b) CPAD - no narrative required.
¢) Expense funded equipment - no narratfve required.
{d) !nventories = it ts anticipated that funds will be required for the procurément of special process
spares,

2. Other praject funding

[3) R&D necessary ta complete construction - funds provided In the NSLS RAD budget. This {tem gives
estfimates of the RED necessary to develop the monochromators, mirror systems, target chambers,
detectors and superconducting structures for high field wigglers and undulators.

{b) Other - no narrative required.

b. Total related funding reguirements
1. Operating Costs = There will be an snnual requirement of additional materials, supplfes, and support
services assoclated with the new beam lines. Also, there will be a requirement for increased facility
electrical power,
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I. Title and location of project: Beam lines and support area construction 2. Project No.: BG4-ER-111
National Synchrotron Light Source {NSLS)
Brookhaven National laboratory, Upton. NY

E6T

13, Warrative Explanation of lotal Project Funding and Other Related Funding Requirements |continued)

Pragramnatic operating expenses directly related to the facility - no aarrative required.
Capital equipmest not related to consiruction hut related to the programmatic effort - no narrative

requiread.
GPP or other construction related tu the proycammatic effort - no narrative required.

Other costs - no narrative required.

(3,00 ) [FUL N
P -
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NEPARTMENT OF ENMERGY
1987 COMGRESSIONAL BUDGET REQUEST

AL N 15
ENERGY SUPPLY RESEARCH AND DEVELOPMENT

(Tabular dollars #n thouSands. Narrative material in whole dollars.)

1. Title and location af project: Lenter for Advanced Materials, 2. Project No.: B4-ER-112 o
Lawrence Berkeley Laboratory, Berkeiley,
California
3. Date A-F work Initiated: Jrd Otr, FY 1984 B. Previous cost cstimate: § 40,250
3a. Date physical construction stacts: 4th Qtr. FY 1984 fi. Courrent cost estimate: § 40,450
Less FY 1984 PE&D: 200
4. Date censtruction ends: 4th CQtr. FY 1983 § 40,250
Date: January 1986
7. Finmancial Schedule: Fiscal Year Authorizations fippropriations Obligations Gosts
1984 $ 1,760 § 1,760 $ 1.760 $ 437
1485 9,290 9.2%0 9,290 1,442
1994 11,008 11,008 11,008 10,174
1987 10,580 10,560 10,560 17,622
1588 7,632 7,632 7,632 10,675
8, Brief Physical Description of Project

The Center for Advanced Materials (CAM) is comprised of two rescarch laboratorfes. This 1s a continuation of the
FY 19R4 request, Center for Advanced Materials (CAK), and which takes inte consideratign the recomendations of
the &d hoc review Panel.

The Research Laboratories will fnvolve two new laboratory complexes at LBL, the Surface Science and Catalysis
tahoratory {SSCL) and the Advanced Materials laboratory (AML).

The CAM facilities at LBL will be located en Imiversity of Califorania property adjacent to the Berkeley campus,
within the site of the lLawrence Rerkeley Lahoratory. The project will include the construction of new facflities,
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T. Title and location of project: Center for Aavanced Materials 2, Profect No.: #4-ER-112

Lawrence Berkeley Laboratory, Berkeiey,
California

8.

a6T

Brié?gﬁﬁysica1 Pescription of Project [continued)

and the atteratfon of. and additions to, existing facilities. Plant and site facilitigs will constst of:

a) improvements to land, including grading, drainage, paving, lighting, and walkways; b} a new Surface Science and
Catalysis Laboratory {SSCL) building {approximately 47,000 GSF), located near the existing Materials and Molecular
Sciences Laboratory (Building 08}; ¢} the new approximateiy 80,000 65F building, the Advanced Materials Laboratory
(ML); 4) the extension of existing utilities, including electrical power, water, sewage, 93s, and communications;
and e) standard equipment and special Taciltities tneluding office and laboratory furniture and equipment, fume
hoods. ventilation and temperature control equipment. Vaburatory diagnostics and jastrumentation equipment, fire
protectian equipment and computatisn equipment. :

The Surface Science and Catalysis Laboratary will be Jocated rear the existing Materials and Molacular Sciences
Laboratory (Building &2), The 3-story building wtll have a reinforced-concrete frame, shear walis, waffle roof-
and-floor structure supported on spread footings. Auditorfum and administratfve area roofs will utilize metal
deck on steel framirg. The floor plan 15 approsimately 95 x 150 feet.

The Advanced Hateriale Labaratory will consist of a single light-labaratory bui¥ding. The proposed four-story
bullding will eccupy a hillside site providiag a2 first floor with a main entrance at the grade level of Lhe base
of the hill. The building will consist of two rectangular wings offsset in the east and the west directions around
a central core with a steel frame structural system. Foundations will consist of poured-in-place reinforced
cancrete cafssuns.

Finishes on the new butldings will tnclude: standard built-up roofing over insulation; exteriar (non-bearing)
walls of prefinished panels on metal studs (insvlated cavity); and gypsum board interior wall surfaces throughout.
Acoustical ceilings wiTl be needed in certain areas; otherwise ceilings will be painted gypsum board. taboratory
furniture and Fume hoods will be comnercial preducts with acid/alkali-resistant tops and construction. Ruilding
elevators wiill be rated for 6000 tb. capacity, suiteble for carrying freight and passeagers. Heating ventilating
and ajr conditioning (HVAC] needs will be mat by central station air-handiing units, draw-thraugh cealing coiis,
return fan units and ecaong®izer controls. ATl supply and return 3ir wil) be ducted. AY1 butldings will be

equipped with astomatic fire sprinkler and alarmm systeas. Utflities will be extended from nearby existing piant
services,
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1. TitTe and Tocation of project: Lenter for Advanced Materials 2. Project No.: @64-eR-112

Lawrence Berkeley Laboratory, Berkelay,
California

4. Purpose, Justification of Need for, and Scope of Project

LB6T

This resedarch center is being proposed as a major sctentific redirectton of the Lawrance Berkeley Laboratory to
address a ‘vital national need, tn accelerate basic research in am ared that promises mediwm-term impact on high-
technology industries, and to foster closer ties between national laboratnry researchers and thelir counterparts in
Industrial and university lahoratories. The CAM project will have two major objectives:

- To enhance understanding, through long-range basic research, of the synthesis, characterization, and properties
of advanced matertals fn Support of U.S5. engrgy-related and hnigh-tecsnology industry.

- To provide advanced facilities for research iraining of additional graduyate students in physical sciences and
engifneering fields vital to U.S. high-technology industry.

The CAM project will provide the modarn tools and faciltitiss required for making possible major advancgs in energy-
related and high-technology industries by ieproving the scieatific understanding of the underlying chemical and
physical phenomena that inflyence both materials and device behavior.

Two research laboratortes forw the major cowponents of the CAM:

= The Surtace Science and Catalysis Laboratory (SSCL). A laboratnry devoted to surface and catalysis studies using
statg-of-the-art instrumentation technliques.

- Tha Advanced Matariats Laboratory {AML}. A laboratory devoted to fnterdisciplinary study of the syntnesis and
charactertzation of energy-related, high-technolegy, and strategic matortals. In addition, there will be
res¢arch on the design of high-technology devices utilizing new materials and the design nf innovative devices
for the characterization of materials-progerty relationships.

Both the SSCL and the ANL wil] be based on strong programs that alrsady exist at LBL. Other elements are completely
new, but they too bwild on experience and personnel already at LAL and at the adjacent University of Califarnia
Berkeley campus. The first CAM research program 3ssociated with the ahove was imitiated in FY 1984,

Because of the pressing need to retain high-technology leadership, the proposed project schedule calls for the start
of construction in FY 1984 and the completion of all facilities in FY 1989. Oclays would extend the time at which
research results can be generated and transferred to U,S, industry. A CAR Advisory Board cmposed of scientific
leaders from industry, universities, and Federal laboratorios will advise the LBL directur on CAN sciemtific program
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1. Title snd location of ¢rojeet: Center for Rdvanced Materials 2. Prolect #e.: $3-ER-117
Lawrence Berkeley Laboratory, Berkeley,
California

9. Purpose, Justification of Weed Tor, and Scope of Project [continued]

directions to ensure that CAM basic 1esearch addresses America’s long-range high-technology needs. 1ihe CAM
affiliates, consisting of major research teams frem industry and universities. will participate in CAX. 1lhe
following cost estimates and cix among facilities may vary depending upon tle research and developsent progress,
vwt does represcnt the current plan.

This profect will 8¢ constructed at the Lawrence 8erkeley laboratory which is non-Sovernment owned property.

i19. Detafls of Cost Fstimate

Iten Cost Jotal Cost

d. Enslneering, desiyn, inspection and adminisStrattOrecssceeecsseeeass vas | 486
DY CoNStTUStION: COSES.. oo ofoaabe (Mo ¥a sl s M L L A e MU N R (23388
& “Standardé e QUITNIERIL % i 5 sieecvsiol sEsle sioks 5/e a osolo[o) ofs % TFge. s\l ale's 5ilalsine pis ol 6,120
ax ﬁelIOVa]s and l‘E]OcationS..................................,........... 680

e. Contfngencles at agproximately 15% of abovee.,ciecc0c0cecccriveccacacsen 5,181
Tota‘ est‘ﬂat?d COSTFoieloic0ie t + ¢ioloieisfeio 4376+ 8+ 5 80K o 0 ohs B Tofo Se, o ol Hl}‘ﬂﬁi

. Pethed of Péerforaance

Conventional facilities cngineering design will Le performed imder a segotizted Architect/Engineer subcontract.
inspection and some engineering will be done by Latoriatory personnel. {onstructtan and procurement wlll be
accompl (slted by fixed-price subcontracts awarded on the basic of competitive bids.
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1. Title and location of project: Center for Advanced Materials 2. Project No,: B4-ER-112
Lawrence Berkeley Laboratory, Berkeley,
Caltfornia

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

FY 1984 FY 1985 FY 1986 Fy 1987 FY 1988 Total

a, Total project cests:
1. Tota) facility costs 2/
{(a) Construction 1ine item
SSCL...“..-..-.-nnun........ ‘ 43? $ 1.022 s 6.2]2 s 4.2;9 ’ 0 $11,95[}

AML. .. esesesencacscscnnanasaarnns 0 420 3,92 13,243 10,675 28,300

§37 1,442 10,174 17,522 10,675 40,250

(D) PEBDeuunrecucnnaneens B 192 0 0 0 200
Total pfoject COSUSupesss wanroins i esechoane 445 1‘63‘ lﬁ.lji 1’.52? ;iﬁ.aj; m

Fy 1984 FY 198% FY 1986 FY 1987 FY 1988 FY 1989

b. Other related funding requirements
{esttmated 1{fe of project: 25 years)

1. Programmatic reS€arch,..cccoesucsnccss 2,300 2,800 3.200 6,200 10,500 15,500

2. Capital equipment related to
prograamatic research...ccccrseasees 1,300 600 460 1,500 2,600 3,900
Tot!]..-.4-----. ---------------- dsedsecbrreras ; S.EUU ‘ 3.'@ : EQEEE » m iig.zﬁﬁ

2/ Includes escalation te midpoint of construction for all conventional factlities and compounded annually for
special facilities; FY 1986 3.8%; FY 19687 $5.0%; FY 1988 5.8%.
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1.

TitTe and Tocation of project: Center for Advanced Materials 2. Project No.: @4-ER-112

Lawrance Berkeley Labaoratery, Berksley,
California

13, Karrative Explanation of Total Project Funding and Dther Related Funding Requirements

002

a.

b.

Total project funding

(1) The major elements of the CAN facility have bdeen described 1n Item 8. The funding profiles were
deternined as follows:

(a) Construction of the Surface Sclance and Catalysis Labaratory began in April 1985 and will be completed
in the second quarter of F¥ 1987,

(b) The Advanced Materials Laboratory buildipg i5 schedvied for Title 1 review in the second guarter of
FY 19%6. The project will be scheduled to sequence bid packages te minimize disruption te existing
programs and censtruction congestion and ¢o optimize favorable hldding conditions and work leveling,
Site bid packages will be let in the third quarter of FY 1986. 8uilding construction will begin in
the first quarter of FY 1987 and end in the fourth quartar of FY 1988,

Othar related funding requirements

The annual costs of the scientific program are increased progressively to build up a high quality research
staff for the CAM laborateries. Funding in the e#arly years of the project 1% mainly to attract superiar
senior scientists to lead the new scientific programs described 1n Itew 9. These researchers can be housed
initially on the Unfversity campus and then in the SSCL Butlding untfl all conventional facilities are
completed. The programs will expand in the tatter ymars of the project to include the full complement of
scientists and technicians, The capital enquipmant needs related to this research staff buildup reflect
Laboratory experience that mmerous laboratory equipment ftems will be needed at the level of approximately
20% of the operating program budget. These amounts were augmented in the first two years to take into account
startup capital equipment needs.
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1. Title anad location of project: Stanfoid Synchrotren Radiation Laboratory 2. Praject No.: B4-ER-113
Enhancement
Stanford Linear Accelerator Center
Stanford, Califurnia
3. Date A-L work initiated: st (tr. F¥ 1983 "5, Previous cost estimate: $12,833
3a. Date physfcal construction starts: @ed Qtr. FY 1984 6. Current cost estimate: $13,233
Less FY 198371984 PYaD: 300
A. Date cosastructfom ends: &th Qtr. FY 1987 $12,833
Data: Janvary 1986
7. Financial Schedule: Fiscal Year Authorizations Appropriations {Obligations Costs
1984 $ 1,240 $ 1.240 $ 1,240 3 544
1985 7.813 7,413 7,413 2,661
1986 2.463 2,463 2,463 5,160
1987 1,717 1,717 1,717 4,968
8. Brief Physical Description of Project

The Stanford Synchrotron Radiation Lahoratory {SSHL) Eabancement will be located at the Stanford Synchrotron
Radiation Laberatory. SSRL is colocated with the Stanford Linear Accelerator Centor (SLAC) on Stanford Univarstty
property that has been leased to the Department of Enerygy.

The SSRL Enhancement project will include Ehe constructfen of new conventional and research facilities and the
altgration of and additions to existing facilities for the purpose of providing ultra-high brightness synchrotron
radiation from insertfon devices (wigglers and undulators).
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Title and location of project: Stanford Synchrotron Radiation Laboratory 2. Project No.: B4-ER-113

Enhancemsent
Stanford Linear Accelerator Center
Stanford, California

Brief Physical Description of Project (continued)

The project 1s divided into three major portians: {a) comstruction of two heam 1fnes, ane on the SLAC Posftron
Etectron Project {PEP} storage ring and an 18 degree beam 1ine on the Spear storage ring; (b) alteration ef the
electran storage ring SPEAR for high flux synchrotron radiation research and (c) constructian of Lhree
conventional facilities: two PEP Beam Line Facilities and a Labaratory/Office/Shop Building (LOS).

a. Beam 1ines

{n

(2)

PEP Beam Lines

The PEP electron-positron 3torage ring 1s operated by the Stanford Linzar Accelerator Center for the
study of elementary particle physics. In its present configuration 1t can be usefully operated from 8
§eV to 18 Gey, alithough the majority of the program has focussed upon research at 14 GeV. During the
noreal running of the machine, the electron and positron bemrs emit synchrotron radiation from within the
bending magnets with photon energies in excess of 100 XeV.

This project also includes funding for instsllation of two 26-period, 2-meter rare earth cobaTt undulstor
magnets on a symnotry straighl section of the PEP storage ring, resutting Tn the emission of photon beanms
peaked at 13 XeY when the machine i§ running at 14 GeY. Mossbauer diffraction and ultra-high epergy
resolution x-ray scattering research will be performed on these beam Tines.

Efghteen Degree Beam Ltne

Jo compienent the high x-ray erergy program on the PEP storage ring, SSRL proposes to construct a
low-anergy photaon beam on the SPEAR storage ring, on the reinferced mezzanine in Bidg. 131. S$S$RL would
relocate the existing Seya-Namiaka ménochromatar from Beam Line |, and comstrutt 3 new beam Jine
transpart system, consisting of two successive Tocussing mirrors.
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1. Title and location of project: Stanford Synchrotron Radiation Laboratory 2. Project No.: 8A-ER-113

Enkancement
Stanford Linear Accelerator Center
Stanford, California

£0¢

H. Brief Physical Description of Project |continued]) T ZE

b. Maochine improvements

(1)

Reduction of SPLMR Emittance and Verticz) Aperture Requirements

To obtain approximately an order of magnitude increase $n Speciral] brilliance from all beam lines and to
nere effectively utilize insertion devices, the injection system and the clectron optics of the storage
ring will be modified. This will achieve a factor of approximately 2.5 reduction in horizontal emlttanee
and a factor of approximztely two reductfon 1n verticz) aperture requirements at wigyler and unduletor
locetions.

70 accueptish the proposed reduction in anittance, SSRL has initiated the design and fabrication of a
current shunt for the four focussing magnets located betwsen the injection kicker magnets, usimg Fy 1983
R&D operations fumds. SSRL wil! also complete the shunt and Injector modifications., and modify the SPEAR
sextupole powerifg system. At prescnt. the SPLAR sextupole magnets are divided into two fami lies. each
of which is powered independently. To properly correct for chromaticity effects in low emittence con-
figurations, th2 SPFAR sextupole magnets waed to be divided into four independently pewered families,
Th1s requfres two addftional s$ower supplies and additional cebling,

Reatizatios of the full beneffts of the reduced emittance and reduced vert.ical aperture requireniant
requires an iaproved beam position monitoring systes for tie storage ring. Improved monltoring and
control over the orbit will result tn reduced c+osS-couPling and better steering of the SSRL synchrotron
radtation beams.

fn addition, madifications ard additions witl he made to the SPEAR lattfce to facilitate cenpensation
for Lhe increased number of wiggler/undulator magnets that will be {wplemented in tire futurw.
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1. Title and locatden of prefect: Stanford Synchrotron Radiatfon Laboratory 2. Pioject No,: 84-ER-113

Eahancement
Stanferd Lineac Acceleratar Center
Stanferd, Catifarnina

B. Brief Physical Description of Project {continued)

(2)

{3)

Beam Stabilizatien

At present the stered beam in SPEAR is perturbed by ground vibrations which couple inta the SPEAR amagnet
supperts, causing smal | amplitude. law frequency {4-12 Kz) osciliations of the electron beam. Tie evfect
of this 1s W cause verttcal beuncing of the synchrotron radiation beams and intens:ity modulation of the
flux tranamitted through narrew stits at the experimental statiens,

The present level of "beam bounce" will be reduced by making use of electranic feedback systems to detect
and reduce tie amplitude of the beam bounce by applying mastetic correctiens to the erbit at each beam
line source pofnt.

New Linac Electron Injection System

liwe American University prepesal to canstruct & new electran 9un and injection systen will be funded fn
FY 298¢. This gun s designed te produce high current. long pulse length (approximately 1 microsecond)
beasts of Taw energy slectrens suitable fer use 1n a nuclear ph¥sics research progras.

SSRL funded the addition of a “chopper® to the gun 1n order for the iajection system to have tie
capability for producing short putses (of about 1 wanosecond 1n duratien). This addition will allew the
gun te provide taw current beans, up to about § GeY, suftable fer clectren injection into SPEAR. A gun
with this capability wi?l be advantageeus for use durfng SSRL cedicated operatien ov SPEAR since it can
previde sore reliable tnfection inte SPEAR at semewhat lower operations cests tt will alsa allew
dedfcated operation of SPEAR during paris of SLAC's swimer Shutdowns.
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Title and location of project: Stanford Synchrotron Radiatfon Laboratory 2. Project hNo.: B84-ER-113

Enkancement
Stanford Linear Accelerator Center
Stanford, Califarnia

B. Brief Physical Description of Project (continued)

G0¢e

(1}

(2)

(3)

Conventiconal Construction

PEP Beam Line Facility 58 (PAF SB)

The gite at PEP has been chosen for the first PEP Beam Line and the associated factlity. The site i5
just within the exfsting SLAC lease boundary and it will not be necessary to acquire more land from the
University for the facility, The site requires a retaining wall for the access road, service yard and
PBF bullding which will be half buried Into the PEP ring earth shielding mgunt,

The PBF SE will be an experimental hall with threa adjeining rooms and a partial mezzanine. The hall and
reom areas will be 2,900 square feet; the mezzanine will be 600 square feet, for a tota) of 3,500 sguare
feet.

PEP Beam Line Facility 1B (PBF 1B}

The Site at PEP has bean chosen for the second PEP Besm Line and the assoclated facility. The site also
requires a retaining wall for the access road, service yard and PBF building which will be three-fourths
buried inta the PEP ring carth shielding mount,

Laboratory/Office/Shop Building (LOS)

The Laboratory/Office/Shop Building {LOS) will be a three-story, 31,500 gress square leet bufiding

designed to accommodate activities displaced by beam lines in the existing SSRL bulldings, as well as
labhoratory growth associated with SEP and othar SSRL coanstruction programs,
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Titlte and lecation of project: Stanford Synchrotron Radiaiion Laberatory 2. Project Mo.: B84-ER-113
Enhancement
Stanford Linear Accelerator Center
Sstanford, talifornia

B, Brief Physical Description of Project (continued)

s.

The first floor witl consist of & Vacuum C1ean Aemm, a Beam Line Cemponent Asseshly Shop, a Machine and
Weiding Shop, and machine shop offices and storage facilities.

The secend floor w111 consist ef six light laboratorfes, each 1200 ¢f in size, with the follewirg
functions, respectively: 1} electrenics, 2) cempviatien. 3) biotechnology, &) vacuwm-ultravieict
research, 5) nesteology and 6) x~-ray research. Provision will be made fer )ater addition of twe chemical
fwoe hoeds and twe toxic/acid waste dispesal Systens.

The third Floor will prruvide up te 43 offices, a 1ibrary, a confeisence roeer, a drafting reom, a lounge-
lecture 3rea, and seven Wrk rooms .

Purpose, Justification of Need for, and Scope of Praject

Over the Pist decade, the developmeat of synchrotron radfation has led to major advances in a r.mder of different
scientific and technological fields, but paisticularly materials science, condonased matter physics and chenistry, as
well as the dfological sciences. Each order of magnitude facrease 1n photen flux or spectral brilliance achieved
durtng this peried has resulted ir qualftatively new experiments which provide previousily unobtained informdtion and
yleld now understandings.

The aost significant recenrt advances in photon flux and brilliance have been. or will be, the result of: (a) the
developinent of insertion devices (wigglers and undulators) at SSRL and (b) improvements 1n Sstorage ring
characteristics {ieduction of enittance and fncreases in current).

As a result, new stordge rings are presently being piarned which are optimized for high spectral bridiiance and
pleton flux through utilf2stien of insertion devfces, rather than bending madnets. for the production of radtatian
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1. Title and lncation of project: Starnford Synchrotran Radiatian Laboratory 2. Project No.: 84-ER-113
Enhancement
Stanford Lfnear Accelerator Center
Stanford, Califormia
9. Purpose, Justification of Need for, and Scope of Project (continued]

and through the achievement of extremely low emittances and high currents, These rings are also optimized Tor
5pecific spectral regiens through choice of stored electrom enargies. Generally, stored electron energies at 1.0 to
1,5 GeY are utiTized for ultra-high befllfance seft x-ray and vacuum ultraviolet {VUY) generatien whercas rings of
greaker than 3.0 GeV are used for ultra-high brililiance x-ray generation,

The SSRL improvements described here will rapidly and econcmically yield major increases in the photon flux and
spectral brilliance available at SSRL im all spectral ranges, [n addition, x-ray spectral brilliance Far beyond
thase achieved or proposed elsewhere in the world will be obtained. The SSRL construction will also increase the
time available for dedicated synchrotron radfation operation ef the storage ring SPEAR and¢ fncreasa the
effectivensss of utilizatien of the cadiatien. At the same time, 1t will provide for testing and developmont of
individual insertion devices as well as the techniques for utilizing many insertion devices on one storage ring,

The existing Stanford Synchrotron Rodiation Laboratory has outstanding user facilftfes that can be dramatically and
quickly improved in the hard x-ray region, thereby providing researchers with unparalleled photon hrightress over an
extended portion of the electromazgretic spectrum. A past 108-fald improvement ta SSRL intensity in the saft x-ray
region involved the installation at SPEAR of a permanent magnet undulator conceived and built at LEL. A curcent
LBL/SSRL collaboration will provide a S0-€old improvement over the entire energy range based on an 1Bl-developed
wiggler. Thercfore, 1t 1s lagical to continue joint activities to further {mprove SSRL facilities as a cost-
effoctive way of providing researchars with additiaonal advanced taols to complement those available elsewhere.

This project will be constructed at the Stanford Linear Accelerator Centar which 1s non-Eovernment owned preperty.
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1. Title and Tocation of project: Stanford Synchrotron Radiation Labaratory 2. Projact No.: B84-ER-113
Enhancement
Stanford Linear Accelerator Center
Stanford, California
10. Detalls of Cost Estimate
Item Cost Total Cost
(a) Engineering, design, and Inspection....cccsvescsnceces 1,899
<b) constfﬂctiﬂﬂ CDStS..-........-«..--o‘i..---vi-----.-----. Bp367
(CJ sta“dard équip‘“entltlbill-‘.ll"llIlO!!l!‘!lEiil'Cl(f 3%
(d) Removals and relocationS.cecvenscaen S arianare o e e 100
(e) Contingencies at approximately 19% of above.......... 2,159
Total eStimaked COSES .. ctdsab cmmeity abiun bl aled e aines A e T T S _3 12,833
11. Method of Performance

The SSRL special facilities engineering design will be done by tLaboratory (SSRL and SLAC) personnel, as will major
technical componaent construction and assembly. Technfcal component construction and fabricatfon will be done by a
comhfnation af SLAC shops and by subcontracts awarded on the basis of competitive bidding and managed by SSRL and
SLAC personnel,

Conventional facilitfes engineering design will be performed partially under a megotiated Architect/Engineer
subcontract, but primacrily by the SLAC Plant Engineering Dept. on a "best efferts® basis. Inspection and some
engineering will be done Ly Laboratory personnmel. Construction and procurement will be accomplished by €ixed-price
subcontracts awarded on tha basis of competitive bids.
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I. Title and location of project: Stanford Synchrotron Radiation Laboratory 2. Project N.: 84-ER-113
Enhancement
Stantord Linear Accelerator Center
Stanford, California
T2, Funding ScheduTe of Project Funding and Other Related Funding Requirements
fy 1934 Fy 1985 FY 1986 FY 1987 Total
a. Total facility construction costs: LY
Total Taci]fey cansiriction tostermreron B hel SR i 12E
b. Other project funding:
SSRL WBD; s sweiionses RN Oy T FT I At d00 800 0 300 1,900
TOEA1 REDN/SHEPEUD: sy viniolst swpsnshpbedcas . 800 800 0 300 1,900
Total Project Funding...ccuvvvoscsnasnscnnnves $ 1,348 $ 3.461 $ 5,160 § 4,468 $ 14,733
13. Harrative Explanation of Total Project Funding and Other Related Funding Requirements
Related Funding Requfrements
a. Total Project Funding
(1) The najor elements of the SSRL EnhamCement Project have been described in item 8.
3/ [Includes escalation to midpoint of construction for all conventinnal facilities and compounded annually for special

facilities; FY 1984 N/A; FY 1985 6.2%; and FY 1986 $6.5%.
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1. Title and location of praject: Stanford Symcheotron Radiation Laboratory 2. Project Mo.: B4-ER-113

Enhancement
Stanford Linear Accelerator Center
Stanford, California

13, Warrative Explanation of Total Project Funding and OLher Related Funding Requirements |continued)

The funding profiles were determined as follows:

{a) At SSRL the PEP Beam Line will be accemplished during the first twa years, [mprovements to SPEAR are

scheduled for the second year and the Laboratory/Office/Shop Building is scheduled for the second
and third year. Complation of the PEP Beam Line Facility 1B wiill otcur in the third year, and
completion of the PEP Beam Line 1B will o¢cur in the fourth year,

{2) Other project funding

(a)

(b)

Insertfon Devfces and Beam Line Optical Elements RED activities inciude in-vacuum undulaters, and
advance baam iine cempanants suvitable Ffor ultra high brilliance photon beams.

SSRL RED is related in support of the construction preject includes prototype development and R&D on
technical components,
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(Tabular dollars in thuusaﬁﬁ%+*"ﬂérrat1ve ﬁifbrial in whola dellars.)

1. Title and location of project: Kansas State Univarsity, lom Coliisien Phystcs 2. Project No.: H5-ER-403
Facility, Manhattan, Kansas
3. Date A-E work imitfated: 1st Qtr. FY 1985 5. Previous cost estimate: $3,400
Ja. Date physical constructien starts: 2nd Qtr., FY 1985 6. Curremt cest estimate:; $5,028
4. Date construction ends: dth Qtr. FY 1988 Date: January 1936
7. Financial Schedule: Fiscal Year Authorizations Appropriations (bTigations Costs
1985 $ 2.000 $ 2,000 $ 2,000 4 100
1986 1,828 1,828 1,828 828
1947 1,200 1,200 1,200 2,100
1988 0 0 0 1,900
Financial schedule is based on the net Government funding associated with this project. 1In May 1985, the 5State of
Kansas Legislature appropriated 31,100,008 for the conventiomal construction necessary te house the new capabilit{es.
B. Drief Physical Description of Project

The James R. MacDanatd Laboratory will he expanded tn house a new booster accelerator and a new low energy highly
charged ion source, A 2,000 square foot hasement additien will be required to house these facilitfes. The
additional power requiremant is 100 KYK., Very little additional water for cooling will ke required.
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[. Title and Tocation of project: Kansas state Umiversity, lom Collision Physics 2. Project Wp.: B9-CA-403
Facf1ity, Manhattan, Kansas
8. Brief Physical Description of Project {continued)

New equipment to ®e instaltled in new basemen’ addition includes:

A. Cryggenic ion source including electran gun, suferconducting soienoid magnet. Analyzing magnet, accelerating
colunan amd beam line apparatus.

B. Supercaonducting linear accelecator includes resonators, amplifiars, power suppiias. RF centrel systes,
superconducting solenoids, 1iquid nitrogen systee, 1iquid helium refrigerainr and storage dewar, acceferator
contral computer system, data acqyisftlon and data reduction eemputer system.

¢. Purpose, Justification of Need ior, amd Scope ef Project

Tha comstzuction of the 1on colliston physics facility, togather with the existing atomic physics capability at
¥ansas State University, will constitute the Instizute for Atcaic Collisiom Physics. 1he project will invalve
construction and fnstallation of (1) an advanced source of low energy highly charged ions of the CRYEBFS type and
(2) a LINAC beoster cosprising twelve superconducting split-ring sesosaators. Each of these two additions wil)
function as an adjunct to the existing tanden Van da Graafr §n ways that, along with a dedicated system for high
spaed computation and data analysis, wiil have the capabflity to study the atomic physics of a spectrum of 1ens,
energies and intensities unmatche¢ in the werld, This will oPen rew areas Oif atomic ¢ollisien physics, altow long
beam time experiments, and provide a forefrent environment far training young sifentists and encouraging
interdisciplinary cress-fertilizatiaon.

This project will be constructed on the Kansas State Univessity campis, non-Gavernment owned propesty.
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CONSTRUCTIDON PROJECT DATA SHEETS

1. Title and location of project: Kansas State University, lon Collisfoa Phystcs 2. Project No.: B5-ER-403
Facility, Manhattan, Kansas
Tli. Uetails of LOSt EStimate Ttem Cost Total Cost
a. Engineering, design and installation $ 980
b. Land and Tevel rights 0
c¢. Construction costs 330
1) beam 14ne construction 3 319
2) utibitties 15
3) butldings a/
d. Equipment 2,500
¢. Contingency 18
Total Project Cost § 5,028 &
11. Method of Perfarmance
This type of construction is unique and therefore the conceptual design, final dosiga, assembly, and testing will be
done by the staff of Kansas State University. Component parts equipment and building construction will to the
extent possible be based un fixed priced competitively odtained procurement actiaes.
2/ Kansas State University has provided additional Funding te construct the building, €stimate is hased on

completed conceptial design.
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CONSTRUCTIOM PROJECT DATA SMEETS

1. Titie and location of project: Ransas state University, Lon Collision Physics 2. Project Mo.: B5-LR-403
Facility, Manhattan, Xansas

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

FY 1985 FY 1986 FY 1987 FY 1988 Total

a. Tota! project funding
(1) Total facility costs
2) Construction 11ne 1teM.....c.ceeeevweesee. § 100§ 928§ 2,100 § 1,900 § 5,028 &/
0

b c'wcl-l-.-' -------- IR NE RN NN NERERENENN NN KNI 0 u o U

(c) Expense funded equipment....ceeoessrosvass 0 0 0 0 a

(d] Iﬂveﬁtories.----.-e--.--- ------ sssnresnns @ 0 - 0 0 U 0
Total facility COStS..cuuiceacanncacsa PR - o 3 928 72,000 Y 1,900 ¥ 5.008 2

{2) Other project funding

(a) RED necessary to complete constructfom.... § 180 $ 180 5 50 § o S 410

tb) otherl-OQCI'IIDIQC6-'*--.-.-.-.- --------- - o 0 0 0 0
Tota) other project funding.....ceeacaesas THD 150 50 i} 410

Total project fundingeesessossvevsconeeses $ 280 $ 1,108 § 2,150 $ 1,900 § 5,438 2/

b. Related annual funding requirements (estimated life of project: 20 years)

(1} Opersting Costs..icsnvasrsrrersnnutsssunssansee BT e v b wen b O e B & $ 0
(2) Programmatic operating expenses.......... A, ST R i b e i e veous 600
(3) Capital equipsent not related to constructfon but related to the
prograamatic effort 1n the FAaCtlitY..cceviiseerencarncnnanannananaens cvesrus $0
(4) 6PP or other construction related to programmatic effort in the facility... 0
(5) Uthar oost.s....................... ........................ R LG S 0
Tota] lllllll AR R RN LR LR LN ERENE NN ERESEEENE NN ERESE AN RBNEN RNENNENERNENNENN] AR E NN BN E RN E RN s 650

13. Marrative Explanation of Total Project Funding and Other Related Reguirements

No narrative required,

2/ ransas State niversity has provided additional funding to construct the building, Estimate 1S based om

completed conceptual design.
b/ s noted above, the State of Kansas has provided an additional $1.100,000 for convantional construction of housing.
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DEPARTMENT OF ENERGY

1987 COMGRESSIONAL BUDGET REQUEST

STRU 5
ENERGY SUPPLY RESEARCH AND DEVELOPMENT

BASIC ENERGY SCIENCES

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

1. Title and location of project: General plant projects 2. Project No.: 87-R-400
4. Date A-E work ipitiated: 1st Otr. FY 1987 B. Previous cost estimate: None
Date:
Ja, bate physical comnstruction starts: 2ed Qtr. FY 1987
6, Current cost estimate: $4,040
4. Date constructien ends: 4th Otr, FY 1988 Date: Janvary 1986
Costs T
After
7. Financial Schedule: Fiscal Year Obligations FY 198% FY 1986 FY 1987 FY 1987
prior Year Projects $ 400 g 167 $ i) s 1] b a
FY 1985 Projects 3,750 2,015 1,735 0 1]
FY 1986 Projects 3,877 0 847 3,030 0
FY 1987 Projects 4,080 0 0 470 3.610
8., Brief Physical Desceiption of Project

This project is required to proyide for minor new construction, other capital alterations and additions, and for
buildinygs and utflity systems. Where applicable, the request also imcludes the cost of installed capital equipment
fntegral to a subprolect. Funding of this type is essentfal for maintatning the productivity and usefulness of
Department-owned facilities, Since it is difficult to detail this type of project in advance, a continuing evalua-
tion of requirements and priarities may be expected to result in additions, deletiens, and changes in the currently
planned subproject. In general, the estimated funding for each location is preliminary in mature, and is inteaded

primarily to indicate the relative magnitude of the requirements,
prerequisite for design and construction of the subprojects under construction,

No significant RAD program is anticipated as a



CONSTRUCTEON PROJECT DATA SHEETS

1. Title and location of project: General plant projects 2. Project mo.: B7-R-400

B, Brief Physical Description of Project {continued)

The currently estimated distribution of FY 1986 funds by office 15 as follows:

Arganne Hational LabOratory....c..ccccesssncasncas EAChEEALEIEE S A N S e $ 3,000

MES Lamrat.FYiiiiﬁivtiiiili‘ﬁitiiiii!riiiiiIlIItliltii‘i'iili@iié-ii-lrl.‘-ildi.‘ii‘-ii 6m

NOt’re name Rwiatfon umrﬂt'ﬂryl.§i|‘ilii6iﬁﬁ5“."iliiﬁ‘iiil.éil‘ﬁiiilﬁﬁ!iIlil""ﬁ'l'.li 30

Sdl‘ll:“l "atlmé] ub.ratoriesa#-9--99-6-9!!-9!-90-9p,-»lléel%-a.ieyolifeariioi¢i003100»¢ 3m

Stanford Syncheotron Radtation Laboratory....... e e S i I e P T S U N 150
Tobad prodack Costate valsen i omermns = abon o d s &bd et A e el AR INA G o 5 R bR e .

9. Purpose, Justification of Need for, and Scope of Project

The following are examples of the major items to be performed at the various locations. Since needs and priorities
may change, other projects may be substituted for the examples 1isted below, and some of these may be located on
) non-Government. owned property.
Pt
c‘ ﬂrﬂﬂﬂﬂﬂ Hﬁtfﬂnﬂ] Lamratur?#-l-!!#l&é!!éé#titiil!it!ﬁiéifiiiiiiitiitiiii-I‘i-bil 5 3|000

1. #aterials Mand)ing Recelving/Shipping Building

2., Replace Post Indicator Valves

3, Install Standby Power Feed, ZPPR to Bldg. 752

4. RSWF Road Rebuflding

5. Rigging Test Facility Addition

6. Securtty System Upgrading

7. Upgrade Animal Facility Cooling E and  Wings, 8ldg. 202
8. Chiller and Unit Substation Replacement, Bldg. 205
9. 15kY ndergound Yalut Switch Replacement, 81dg, 211
10. Transformer and Power Center Replacement, Bldg. 203
11. Repiace Economizer Tubes of Boiler No. 5
12, Buflding 20} Improvements

13. Emergency Generator Replacement, Blidg. 350



CONSTRUCTION PROJECT DATA SHEETS

Title and lecation of project: General plant projects 2, Project No,: 87-R-400

LI2

Purpose, Justification of Need for, and Scope of Praject ([continued)

14, HReplaca Air Compressors, Bldg. 211

15, Rehakilitate Washrooms and Locker Roomms, Bldgs. 301, 308 and 310
16. 15kY Underground Vault Switch Replacements, Bldg. 205
17. Upyrade of Elettrical Service Laboratories, Bldg, 223
18. Conling System Upgrade, Rldg, 203

19, Air Condition Hot Shop, Building 212

20. lecture Roum Improveeent, Bldg., 221

21, Test Instrument Room for EBR-II Sodiium Bofler Bldg,

22. Laboratory Renovation Lab, J«10Z, Bldg. 205

23. \Upyrading of the Tandem-Linac Area, Phase IV, Bldg. 300
24. HFEF/S Backup Emergency Power Supply

25, Expansion of [nstrument Test Facility (ITF} 8ldg. 772

pDf the total request of $3,000,000 for GPP at the Argenna National Laboratory approximately 50 pearcent will be
used for plant rehabilitation and approximately 50 percent will be used for upgrading and Programmatic projects.

At present, a total documented GPP backlog of approximately $20.000,000 exists at ANL For required upgrading and
programmatic projects at both sites, This backlog 1s not static and 15 constantly under review by ANL management
5o that Lhe most critical requirzmeats are taken care of as promptly as possible with available GPF funding.
These requirements may coma about as the rasult of the unscheduled faflure of major plant components er the need
te satisfy sciantific program requirements,

The backloy of GPP projects has tended Yo Increase steadily in receat years dve to the shortfall in Tunding ling
item requests fer plant rehabilitation at ANL-East and AML-Mest, and kecause of programmatic shifts at ANL which
have required nodifications to che existing plant. Whee it is considered that total GPP funds avallable to ANl in
FY 1983 and FY 1984 total only $2,100,000, it is readily apparent that while funding was ircreased ANL needs still
far outpace the availabiiity of funds with which to satisfy them,



COKSIRUCY 1O PROJECT JATA SIEETS

Title and jocatien of praject: Generdl plant projects 2. Preject No.: &7-R-400

81¢

iC.

Purpose, Justification of Need for, and Scope oY Project {continued) e ]
Ay AR RES P i i BB . B Bl . Myl ol g b b e T Al b i AR P 600

Requirements include for example: developsent buitding secend floor additien. campus warehouse roof replacement,
metallurgy building elecyrical system upgrade, water system upgrade and miscelltanecus proejcts. The projects
described wil! te constructed on the Ames Labaraiory. non-Governsent owned property.

Wotre Bame Radiation Lahﬂrﬂtnrfii....uqouooauovooocoosouov.avtw00v0t005.~~qonun.o~- b3 30

Requirements include minor building pedifications to properly house staff members and to mate optimus use of

labaratary research space. The praojects described wfll be constiucted on the Notre @ame Radiation Labaratory.
nan-Government owned property.

Sand1 a Kational Laboratories,..eseeveacareas

+0 vte 200 Poeotit b v2e®tto0tavbb ottt i m'

The Conbusien Research Facility (CRF) at Sandia National Laboratories. Livermore (SNLL)} has a continuing need for
Eener?1 Plant Project {qul.fu“ds for updrading or the censtructien ef facilities as reQuiraé to meet expanding e
changing progranmdtic goals.

Many experiments, both active and proposed, at the CRF have greatly impacted the available laboratary space

and facilities. Some experiments have become increasingly complex asd consequently regulre laryer laboratory
space than 3s curtently avallabie to them, The GPP funding in this request will pravide additfonal Yaboratory
sPace with appropriate modfiffcations to sutt individual experimental situations.

Stanful‘d S_'ﬂ'nﬂh-r'ﬂtrl:lﬂ‘ Radiation Lamratur:fl-i--li--ll--il-llll-ll-ii FEAEEEEE RS E SRR R RS E R S‘ 150

Requirements include minor modificatiens and additions necessary to support the optimum use of the laboratory
research space. Examples include cable trays, terminal racks, status panels, and similar improvements,

Details of Cost ESiimdte

See description, item 8. The estimated costs are preliminary and. in yeneral indicate tne magnitude oY each
program. These costs included engineering, design, caonstruction and inspection,
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CONSTRUCTION PROMECT DATA SMEETS

Title and location of project: General plant projects

B1¢

Wethod of Performance

2. Project No.: B7-R-400

bidding.

Desiyn wtll be on the basis of negotfated architect-engineer contracts. To the extent Feasible, tonstructfon and
procurement will he accomplished by firm flxzed-price conlracts and subcentracts awarded en the basis of competitive



DEPARTMENT OF ENERGY

1987 CONGEESSTONAL BUDGET REQUEST
mfmmm—rﬁﬁ‘a SHEETS

ENERGY SOPPLY RESEARCH AND DEVELOPMENT

(Tabular doltars in thousands. Narrative matertal iIn whole dollars.)

1. Title and location of project: Accelerator and reactor {mprovements and 2. Project No.: @87-R-401
modifications, various locations
3. Date A-E work initiated: 1st Qtr. FY [0A7 . Previous cost estimate: None
Less amount for CPAD: None
Ja. Date physical comstruction starts: 1lst Qtr. FY 1937 Net cost estimate: MNone
Date: January 1986
4. Data construction ends: 4th {tr. FY 1983 6. Curramt cost estimate: $2,.883
Less amount for CPER: 0
Net ¢ost estimate: §7.8a3
7. Financial Schedule: Fiscal Vear Authorizations  Appropriations Obligations Costs
1987 $ 2,883 $ 2,883 $ 2,883 $ 1,000
1988 Q 0 0 1,333
1979 0 0 0 550
8. Brief Physical Desceiption of Froject

This project pravides for additions and modifications to accelerator and reactor Taciltties, which ara supported by
the Basic Energy Sciences program. Since program priorities and needs change, the projects described below fndicate
the most likely projects to be funded. A continuing evaluation, however, 15 necessary to ensure that those projects
with the greatest productivity are funded., Two projects at the Brookhaven National Labaratory are requested to
incorporate improvements at the High Flux Beam Reactor and the National Synchrotron CLight Source; two projects are
requested at the Oak Ridge Nattonal Lahoratory for fmprovemants at the High Fiux Isotope Reactor and the Holifleld
Ion Research Factlity, and one praject is requested for an enhanced injection system at the Stanford Synchrotron
Radiation Laboratory.
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COMSTRUCT ION PROJECT DATA SHEETS

Title and focatton of project: Accelerator and reactor improvenents and 2. Project Ne.: B7-R-301
modificatiens, vartous lecatiens

Purpose, Justification of Need for, and Scopa ef Project

The rollowing are the projected items of work to de performed at the varieus locations. Stnce needs and Prforities
Wiy chande, other prejects nay s& sunstitutad For the examples 1isted below, and some of these mzy be located on
non-Government owned Proposty.

8rookhaven Natiaona) Laboratory

M-Riux Ceas Reactor FREXIIER HPBR) .. cinr it i e aiiiea i raesocbodsrocrtocsnavomsreosiessrohin $ 940

The control roof recgrders ate becoming obsolete, [ncreased maintenan<e and unavailability of spare parts for the
srasent system are two factors which contribute to the need for updated recorders. the cortrol room recorders wil?
be replaced with modern 1ecorders which will reduce maintenance requwircments, provide better timing accuracy and
have capabliity for both analog and digital output,

The existing fuel element cutting system requires continual mafinterante which results in unnecessary radiation
sxposure, inrefficlent use of ®aintenance personnel , and a system of less than dasirable operating efficiency. A
new system wiil be destgned to elfminate the deficiencies of the present system and provide g Simple and ef fective
nethod of cutting spent fuel elements $n the fuel storage canal.

An automated method ef treatmenat will be ¢nstalled for controtling ®»iological fouling in the secopdary system for
the HFBR reactor,

The present HFOR turbines are not optimized to the existiag workload conditions of helium pressure and mass flow.
Kew turbires of appropriate design will laprove tha efficiency of the refrigerator, redu¢e power consumption and
lengthen the expected 1ife of the systesa components.

There is a need For & second compressaor at the Coid Neutron Facility (CNF) in order to provide tedundancy and
assure continuity of operation, If the present compressor has to be removed from service for any reason, the



CONSTRUCTION PROJECT DATA SHEETS

—— - amm -

Title and location »f project: Accelerator and reactor improvements and 2. Project No.: 87-R-401
modifications, various locations

Ecc

-

Purpose, Justification of Need for, and Scope of Project [(continued)

facility must be shut down, with the attendant Joss to the solid state physice and biology programs. The new
compressor would not need to be as large as the old compressor (400 hp fnstead of 600 hp) since the loads are not
as great as originally expected; this would result in some savings in electrical power cOnsumption. A small
building with 3 concrete mounting pad §s fncluded to house the new compressor.

Muman error has been a factor in venting amd purging of the CHF causing down time and pregrammatic dclays.
Improvements to the CNF console would {nclude changing the layeuts, making displays more compact and begtble, and
adding a computer to log operating procedures, thereby reducing downtime.

Instrumentation, equipment, and other reactor modifications are required for safeguards and security directly
related to HFBR for protection against theft, radiation leakage, or sabotage of suclear fuel stordge and transfer.

Nﬂtiﬂna‘ -Syﬂ‘l:hrﬂtru“ l.ight- S')ur'ce (HSLS]---#-Q.....-- ---------- CEtPIFaN tusane e havrdtetisNIRERANNEBRYTERY s 1,515

The linear accelerator preinjector will be replaced by a new state-of-the-art injector of higher performance, higher
energy, and better reliability and matntainabilfty.

The system of hardwarce which connects the control compiliar system to hardware devices such as powuer supplies, beam
disgnostic equipwent, and safety interlocks, will be replaced with up-to-date equipment.

In addition to the 50 MWz rf 5ystem, the WV ring rf system wlll de complimented with a 00 NHz rf system for making
fractional nanosecond duration bunch lengths such as are desired in varfous experiments.

Tha pulsing power supplies of the booster synchrotron will be replaced with new units of {mpraved stabitity and
capable of operating at higher repetition rates.
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1. Title and location of project: Accelerator and reactor improvementsS and 2. Project Mo.: 87-R-401
modifications, vartous locations

§, Purpose, Justification of Need for, and Scope of Project |continued)

Oak Ridge National Labaoratory

Holtfield Heavy Ion Research Factlity (MHIRF}..c.ivcamccnunncnan

[ AN SN A NEFREENEERENNNENEENESNENRENEENRENNEN] s 3..

The atomic phystcs pragram at ORKL supports the national effort in basic atomic collisions research and its
application to energy technology. This project 15 destgned to increase the ut{lity of the Holifield Heavy lon
Research Facility (HHIRF) for atomic physics and 3s part of a continufng program to provide for those improyement
which have been fdentiffed as having the highest priority,

Expeciments conducted in the ORNL ER-tandem require extensfon to the higher energies available from the HMIRF
facility. The wide energy overlap available between these twa accelerators, plus the fact that the EN accelerator
reaches to energies much Tower than those attainable with the MHIRF acceleratars, provfde a highly flexihle
accelerator camplex. The experimental apparatus proposed here will enable us to exploit the unique capabilities
of this accelerator complex. The experimental apparatus proposed here will enable us to exploit the unigue
capabilities of this accelerator compiex.

Ames LaboratorE
s Esearc eactnr‘ll.lIll-l.'l.l‘.l.ll-.-ll.l‘slm! lllllll S E S BESES SN ApPrIETERTEE ST Y EIETEIVENSERPaEES&nsnd ’ 128

Provides funds for modifications to the Ames Research Reactor, which will make this space vsable for laboratory
ressarch.




CONSTRUCTION PROJECT DATA SHEETS

1. Title and location of project: Accelerator and reactor improvements and
modifications, various locatiens

9. Purpose, Jusfification of Need for, and Scope of Project {continued]

10. Details of Cost Estimate
fi. ' (Higth F1ux“Beam ReaCtOr FRCITIEY . anevshins den namomanme s as sbe vans 5 940
b, Natiomal Synchrotron LIGht SOUMCE..cvceisivcnscscannannss saneaa 1,515
c. Holifield Heavy Ton Research FaciMity..cicivencacnnacananannns 300
d. mes REQEGI"Ch R‘Eﬂ(t-ar‘-onucub+!¢ee!s!cq;gaai-v--viwi-u-i-i--i-i-.u 178

Tokal Project COSTesssspiststnsnmmananeenssns T N T K |
11. Methnd of Performance

500

—r==

£« Project No.: &7=H=401

Design, engincering, and inspection wfll be performed by laboratory staff. To the extent feasidble, construction and

procurement will be accomplished by fixed-price subcontracts awarded on the basis of cempetitive bidding,
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DEPARTMENT (F ENERGY

193? CDHERESSIUHAL BUNDGET REQUEST
SHEETS

Eﬂtﬂﬁi EUFﬁ ¥ ﬁESE ICH AND DEVELOPMENT
T BASIT ENERGY SCTENCES
{Tabular dollars in thousands, Warrative material in whole dollars.)

1. Title and locatism nf project: Neutron scattering experimental hald, 2. Project Mo.: BT-R-403
Los Alamos Nestron Scattering Center (LANSCE) .
los Alamos, Mew Mexfco

3. Date A-F work initiated: Ist Gtr. FY 1987 5. FPrevious cost estimate:  Nome
Date: None
3a, Date physical construction starts: 1st Qte. FY 1987 fi. Current cest estimate: § 17,580

Date: January 19586
4. Nate camstrection ends: 2nd {tr. FY 1989

7. Financia) & [F Fiscal Year Authorizations Appropriations DhTigatians Costs
1986 af af a/ a/
1987 $ 5,000 $ 5,000 $ 5.000 § 4,600
1488 8,500 8,500 B.50 7.900
1928 4,000 4,000 4,000 5,000

B. Brief Physical Description of Project

This project provides for the addition of an experimental hall, support space, and associated facilities to the

Los Alamos Neutran Scattering Centes (LANSCE) to allow full use of what will be the nation's most intemse pulsed
neut.ren source with the complietion of the Protom Storage ®¥ng (PSR}. The unique vertical oricntatisn of thn preLon
Beam as it strikes the neutrom-generating target allows neutron drift tubes to be arranged in a full 360% circle
permitting experiments te be arranaed 1n all girections around the 5ource. The proposed experimental hall will
provide the additional space required to fully utilize this powerful source for a national neutron scattering

program at LAXSCE,

af Funding in the amount ef $1,000,080 was appropriated by the Congress 1o FY 1986 fn the Atomic Emergy Defense
Apprepriation with instructions that future Appropriations were to be requested in the Energy Supply Apprapriations.
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1. Title and location of project: MNeutron scattering experimental hall, 2. Project No,: 87-K-483
Loz Alawos Meutrom Scattering Center (LANSCE)
Los Alamos, Hew Mexico

B, Brief Physical Descrigtion of Project [continued) 3

The experimaatal hall will be an 18,000 square foot pre-engineered high-bay structure on a coicrete slab attached to
the east 5ide of the LANSCE factlity. This structure will house a mindmum of nine experiments on nine flight paths.
Two of the flight paths can be extended as far as 300 meters outside the hall for ultra-high resolution experimants.
An overhead crane with a 20 foot hook height will provide access to bath the experiments and the seryice area, The
hall wil) be equipped with a full cowplement of services required for multiuse experigents, including spectal
grounds, extension signal cable, easy access to several power distribution systems, process cooling water, com=-
pressed air, and inert gas distribution systems, An access channel into the existing LARSCE experimental area syit~
able for forklift trucks will be provided.

Ventilaztion and heating for the experimental hall will be a recirculating forced=8ir system with heat provided by the
existing hot water service. Plumbing and piping system will consist 6f gas, potable hot and cold water, industrial
watar, sanitary sewer, contaminated 11quid waste drain, cooling tower water, and compressed air, Fire protection

will be provided throvugh a wet-pipe sprinkter systam and alarms. Existing stte utility systems, except for the
sewage system, have adequate capacity.

An approximate 22,800 square foot three-ttory buflding directly attached ta the hall will alse be constructed,

Thts building wfll house the new data acquisition system, mechanical and electrenic shops, sample preparation
laboratories, cryogenic laboratories, and offices for users and personnel directly associated with the oparation of
the vser program at the ANSCE.

nly minimal site preparation will ba required for the axparimental hall after an existing detector building is
relocated. The site will be pssentially clear and at the same elevation as the existing LANSCE experimental area. A
new 1500-kVA sybstation and an increase in sewage treatment capacity at the existing lagoons will be required, The
present hall will be renovated by adding two new accaess doors, by installfng a catwalk system, and by drijling five
new shielding penetrations for new neutron beamlines, Special facilities for nuclear physics studfes will be removed
from the extsting experimental hall and reestahlished elsewhere to provide mere space and independent operation for
the nestron scattering programs,



62a
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1.

Title and location of project: HNeutron scattering experimemtal hall, . Project Mw.: HI=H=403
Los Alasos Neutron Scattering Center (PARSCE)
Los Alamos, Mew Mexico

~s

Krief Physical Description of Praject {continued)

The project includes fuadiny for construction of four new Spectrometers Spoclallly designed to make optimum use of
the ¢ntense pulsed neutron beam. These wil) be in addition to stx world class spectremoters, buflt and tested at
LAXSCE prior to construction of this experimental hali, that will be installed in the new experimentsl hall.
Present plans incYude one spectrometer for each beam hole, although as mamy as Lwo per beam hole are often
feasible. 1n addition to the ten spoctrometers discussed above, new Spectremeter development and other experiments
wil) be conducted on flve other boem lines. Altogether, the neutron scattertng program will have fifteen beam
lines available when full facil{ty operation is reacncd - ten operating worid class spectrometers alond with five
other bdcan 1ines for future spectrometer locations.

The project also includes funding For six data collection computers oi advanced design and 3 hud computer for dita
reduction, storage and manipulation. Timne-of-flight experiments with the PSR are expected to collect an enormous
aneunt of data {approximately 1 million resoivtien elements per instrument) at very high instantaneeus data rates
(up tn 2C MHz expected). On-1in2 data reduction will be essential so that raw clata can be transformod iato
physical terms, displayed with high-quality graphics, thereby altlowing on-line decisions on the progress of the
experiments. Peak data rates with the PSR will &e 400 tfoes current levels and time average data rates will be ¢40Q
tines currant levels, We will continue to use four of the computers now 1n service g0 that ten experimeats can rum
simulianeously with inde¢pendent data collection gystems when ttw facility is complete. lhese four existing
cosoputers witl e replaced §radvaily after FY 1986 with advanced systems incorphrating the latest in computer
leprovements. Funds for these four replacement comnputer: be provided in later years.

Purpose, Justification of Reed far, and Scope of Praject

e LINSCE facillity, which is aow in operation, S & neutron time-of-flight taboratory devoted to neutrom scattering
research in materials science and neutron nuclear sciemce research. The research s applied to problems of signmifi-
cance to the n.tion's cnergy 4and defense programs and also contributes to the Pgol of basic knowledge underlying
inaterials and neclear science. The experimental progra®m, which s wel) underway ueing the existing LARSCE spaltation
source, covers a wide variety of condensed matter research. The program also ificludes research into iRproved
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CONSTRUCTION PROJECT DATA SHEETS

1. Title and location of project: MNeutron scattering experimental hall, 2. Project No.: 87-R-403
Los Alamos Neutron Scattering Center (LANSCE)
ios Alamos, MNew Mexica

9. Purpdse. Justification of Meed for, and Scope of Froject {eontinued)

spactrometers and neutron source design that will allow the pptimum use of pulsed neutrons. This research program
has been planned so that it can continue and can grow throughout the perfod of censtruction af the FSR and the
proposed experimanta)l hall. The ariginal plam for the existing experimental hall did net contemplate the 100

fold increase fn neutron source capability to be made available by the PSR, This greater intensity and

optimired pulse structure frogm the PSR transformed the saurce into clearly the best spallation meutran souwrce in the
nation and perhaps in the world. The extraordindry capabilitias have proved attractiva not only to the Los Alamos
Rational Laboratery staff, but to a larye cantingent of the nation's best researchers from unfversities and from
industry. The increasing flow af visiting experimenters is being organized inte a user group that hegan aperation
formally In Nay 1983. Proposals for experiments at Los Alamos frosi this user group are submitted to an external
panel eof reviewers. Thase oxtarnal reviewers will plan the use of 2/3 of tha beam time available on the astablighed
spectrometers, Presently, the reviewers receive requests for three times as much axperimental time as the facility
can provide. Soon after the PSR beccmes operational, the Laboratory expects to host approximately 100 visitors each

year.

The requested experimental hall will previde adequate experimental areas te accommodate the user community and will
permit the Full usg of the neutron source for material science research. Space 15 included vitimately fer 2s Zany as
15 spectrometers with enough room between so that nefghboring experiaments do npt fnterfere with each other. It
fncludes space located at Tonger distances from the source that permits full expleitation of advances in resaiution
made possidle by the source. Room for stayfng of experimeats and for preparatiaon of samples in special environments
is included within the experimental hall. Also, the hall is provided with an overhcad crane that allows equipaent to
be transported over all of the experimental and staging areas, Sound comditiened or “quiet" rooms are located
adjacent to the experimental floor for the use of exparimenters 1n evalusting and planning the next step in an active
experiment.
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Title and location ef preject: Meutron scattering experimental hall, 2. Project No,: &7-R-493
Los Alamos Meutron Scattering Center {IANSCE)
Los Alaaos. New N2xico

Purpose, Justification of Meed Tor, and Scope of Project (continued)

S$ince data collection rates for many experiments 3t LANSCE will be ordeis of mednfiude greeter thaa

encountered at present facilities, it 1s necessary that at Yeast halr of eur sipectroneters have forefront
compvterized ¢ata collection and analysis systewms when the PSk becomes ®Peratienal. This system will make pcssihle
the operation of experiments at full performance lcvels and atso will greatly speed tre isterpretation of the results
of the experiments. State-of-the-art dats collection and tandling facilizies are of great impurtance to visiliny
sciant1sts wio must complete experiments and inkerpret Lhea durfng very short visits peobably lasting on the average
of about one week, These compuzers will trnerefore ensure that the LANSCE facility wil) have 1ts greatest impact in
strengttening the national @nsition in materijals science through the visitor progras. 0ata acquisition for otker
spectrometers designed for slower data rates (smatl samples, ultra-high resolution) will use computers new in service
at the LANSCE ané will be replaced eut of the annrual taboratory equipzent bud¢et allocation in accerdance with the needs
and funding level of the develeping LANSCE program.

In sumAary, the comhined floor space of the existing and propesed uxpcrimental hall of 22,590 square feet will sore
than quadruple the space avaflable for spectrometers and staging of experimenls thus assvring full use #F tiw Source
intensity for the aitioral neutron scattering pregram. The suppo:t area will provide spece for data coidlection,
light technician service, and for visiting users and factlity support staff. The six data cellection systems will
assure that adequate compuzer facilities will be avallahle to service at least. flve spoctronmeters simultaneously at
the extraordinerily high data rates needed for the higher intensity neutron scattering measuroments. This additiona]
cxperimental and support space is esseatial in erder for the nation's materlalls science research community to tako
ful) advantage ot the mmajor advance {n pulsed neutren {ntensity provided by the PSHR.
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CONSTRUCTION PROJECT DATA SHEETS

1. 7itle and location of project: Neutren scattering cxperimental hall. 2. Project Ne.: 87-R-403
Los Alamos Neutron Scattering Center (LANSCE}
Los Alamos. New Mexf{co

10. Detafls of Cost Estimate™

iten Cost Total Caost
a. Easineering, design, insoectien** and project mamagement....... g 1,450
1. Facility @ 11% of const.v«ction costs less [tem B.3......... $ 1,200
2. Special equipment design at about 5% of Itenm R.3,....0v.... 250
D.s ConStaUCHION"COSES of oz o oo brev oo BTN, cr su RS i LSR8, 800 12,950
1. 5mp!‘0vemel?ts RO al ANO et e o ool0id pitalons 270 Isge T oke o b ST iciVol NP la ML
. Site work incluéing sand aad TH1RerS. . .covseeenenonnes 650
2. Buildings
a, East sfde taboratory and support offices,
22,80‘ 5Q. fto 55105I5q. ft ......... @cedivid@intite0to 2.4.0
¢. East experimental nall, 18,000 sq. ft. @ $168/sq. ft,.. 3.920
Ce Modify exfsting LANSCE experiaentai areas......... WeXzolo 2,080
d. Rejocate existving detector BUilding..c.ceaeeoceeanens. 3 ao
3. Specfal eqyipment
8l COMBETSORSE & « R o M DA N R AN, A e s o AT AW B 2,750
bv S.ectrmetﬂrs.o-.-os.ovl.vuo-.on-vq Pe P N0Vt Pet P00t taery 2.210
¢, Utilitvies including new substation......... ervraie oo o ialos B 770
C. Standard equipment including overhead CraneSe....c.ecevcceeacacs GO0
Subtotal........ SN T I SRR T 18,900
do Cont'ngenw e 18% ooooo ece@ceo00csceo0ev o 429 P b vVt be b toea b PO +heoted E.ﬁﬂn
Total estimated COStS..reavoevesonona ", ¥ L7, 500

*The above cost estimate is based on a conceptudl design that 15 complete. The Laboratory is using escaletion rates of
4.9% for CY 1965, G.43. for CY 1986, &.7% for CY 1967 and 6.5% for 1983. These rates wacre provided by the “Nata Xesources

Incorperated.” ufnder comtract to the OOE.
t2gngineering, design and inspection are projected from historical i1ecords ana experience, then applied based on the

conplexity of tke project.
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1.

Title and location of project: MHeutron scattering experimental hall, 2. Project No.:

Los Alamos Meutron Scattering Center " {LANSCE )
Los Alamos, Hew Mexico

87-R-403

TI. Method of Performance

12.

Design and faspoction of the facility additions will be accompl{shed by a negotiated architect- enggneﬁ;,contract
0 tha extent

feasible, censtruction and procurement will be accomplished by fixed-price conktracts and centracts awarded on the
basis of competitive bidding.

Special facility equipment design and procurement will be performed by the vperating conteactor.

Funding Schedule of Project Funding and Other Related Funding Requirements

‘.

2.

l'
2,

3.

9.

Prior Years FY 1987 FY 1548 Fy 1989 Total
a. Total project funding

Total facility costs

a, Construction line ‘t&! ----------- deesir et eaneIee ‘ 0 , 4.6“) s 71900 x 5,000 s 17'500

b- PE&.Illlll.-ti-.t.ittt.ll.iib.!Q!Olé!l!i"ﬁl5.0-“ 0 0 0 0 o

t. Expense funded equipment...coverescnacsvscceansses 0 0 0 0 0

G INVENEONRTCS aclaos piaadiossls e see o e an T b e dal el d 0 0 0 0 0
Tokal Raci ity GO g o on wolp s sgiam st mnifee oif o i 5405 i 4,600 7,900 5, 000 17,500

Other project funding

al Soncwtua" des1gnlil.nvi.»v'&h!000-509040!0-500010 2 igg D 0 u lm

b. ther project-related cost$.eeeuvann I b m R NN A 0 0 2,420
Total other prul‘EC‘ ruﬂlﬂllg....- ¢ssraasaahavedn E Eﬁﬁ a ﬁ D_ ! Em
Tota) project funding {items 1 and 2).,.v0e0e0ese ¥ 2,600 § 4,600 ¥ 7,900 § 5,000 ¥ 20,100

b. Related annual fumnding requirements [estimated life of project: 25 years)
Experimental hall operating €0%%8...cvevveencanmcanascasaastanna o B e 5 1 3 BT i v t 600
Progrimmatic research expenses directly related to tne NOE/BES neutron
statterlng progrﬂ ----------- €O PN S S B EEEBAEILULIGRUCPREN SO IOLIGIEUNFEDSISETT yeessvasmew 5.400

Capital equipment not related to construction but related to the programmatic

effﬁrt iﬁ t"e 'aci]it,y' llllll aeérvaves 0y P e+ 232+ 0+ A PPt Ity P F i saBabasy 500

GPP or other coanstruction related to programmatic effort in the faeility......... o 0

Other Lot Alaglos Program COSES.seesarrevasacssnsnanssnnnnsns RS R 5 g gt e i 4,100

5.

TDti]ytaéite»’c.u¢..--.o.qo-........ ----- @assamsaa semem Cssemsnsrsssvessras seszvae asw
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CONSTRUCTION PROJECT DATA SHEETS

1. Title and location of project: MNeutron scattering experimemtal hall, 2. Project Ma.: 87-R-403

Los Alamos Neutron Scattering Center (LANSCE)
Los Alamos, New Mexico

T3, RarratTve ExpTanation of Total Project Funding and Other Related Requirements

b.

Total project funding

Tota? facility

a. Construction line item. MNo narrative required.

o, Mo PESD 1s anticipated.

c. Wo expense-funded equipment is anticipated.

d. Mo inventortes are anticipated,

Other praject funding

a. The @ndunt shown is for conceptual design. HWo research and development is necessary for this prejact.

h. Other projected-related cests. Six world class spectrometers will be buflt and tested prior to
experimental halls construction and will become part of the facility wpon completion of constructionm,

Jotal related funding reguirements

1-

Experimental hal) operating costs

This category includes mafntenance, janiterial, and utilities calcuiated from FY 1984 costs on a per square
fo?j titas{sdthroughout the Laboratory and prajected ta FY 1989, Approximately $600.000 per year is
antictipated,

Programmatic operating and research expenses directly related to the BES nevtron scattering program is
antictpated to be approximately $5,400,000 per year.

Capita) equipment not related to construction but related to the pragrammatic effort in the facility
appreximately $500,000 per year is anticipated.

No GPP or other construction related to programmatic effort 15 anticipated,

Nther Los Alamas pregrams

The Los Alamos National Laboratory will comduct internally=-supported progréms in neutron scattering and other
resgarch at an annual cost af $4,100,C00.
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ENERGY SUPPLY RESEARCH AND DEVELOPHENT
— BASIC ERERGY SCIENCES

(Tabular dollars in thousands. Marrative material in whale dallars,)

1. Title and location of project: 1.2 GeV¥ Synchrotron Radiation Source 2. Project No.: 87-R-906

Lawrence Berkeley Laboratory

Berkaley, California
3. Uate A-E work initiated: 1st Qtr. FY 1987 B, Previous cost estimate: None
Ja. Date physical construction starts: &/ 6. Current caost estimate: § 1,50053
4. Date construction ends: 27

Datia: January 1986
7. Financial Schedule: Fiscal Year Authorizations dppropriations ObTigations Costs
1987 1,500 1,500 1,500 1,540

8. Brief Physical Oescription of Project

The 1-2 Ge¥ Synchrotron will be butlt within the Lawrence Berkeley Laboratory, which is located on University of
California property adjacent to the Berkeley campus. The FY 1987 request 1s tor A-E and long lead procurement to
better define the cost, schedule and design prior to construction. (The estimated construction costs of the
facility are projected at 90-100 million doVlars with total RaP and startup costs of $25-30M.) The project will
inctude the constructiaon of new facilities, and alterations and additions to existing plant and site facilities,
especially Building & [the circular huilding that now houses the 184-Iach Cyclotron). The 1-2 GeV Synchratron is 4
spectal facility comprised of on electron steroge ring and injection system, insertion devices {undulators and
wigglers) for generating synchrotren radiation and pheton beamlines. The facility consises aof a 50-Me¥ injector, a
full-energy booster synchrotron, an electron storage ring, which has 12 6-m-leng Stradght sections for insertian
devices, an Initial comptement of & iasertion devices, and photon beamlines extending from the insertion devices,
Development of 7 straight sectioms and 24 bending magnet parts are net included $n the scope of this project. Their
development 1n future years, however, will provide flexibility to respond to new sclentific directions and to take
advantage of new materials, designs, and other technological advances, When fully dovelsped. the facidity will be
able to provide up to 6@ user stations,

3/ The FY 1987 reguest prevides for archiltect-engfineering work and long lead procurement, The total estimated cost and

exact construction dates of this project are cerrently under review.
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1. TYitle and lgocation of project: 1-2 GeV Synchrotron Radiation Source 2. Project Na.: 87-R-408
Lawrence Berkeley Laboratory
Berkelmy, California

9. Purpose, Justification of Need for, and Scope of Project

The 1-2 GeV Synchrotron Facility will be a dedicated synchrotron radiation sgurce that 1s optimized for generating
vacuum ultraviolet and soft x-ray (XUY} 1ight from periodic magnetic devices. Investigators Froe fndustry,
universities, and natfonal laboratorfes will have access to unique capabtlities--Tiigh spectral briltlance and

vary short pulse length {nominally tens of picoseconds). Multi-period undulators fn the storage ring will provide
spatially and longitudinally coherent radiation that 15 beroadly tunable across the XUY ragion of the spactrum.

The ]1-2 GeY Synchrotron will permit new studies 1n both basic and applied stience. In bietagy, for example, the
high photan flux combined with the capabitity for wavelength tuning, will enhance fmagfny and scattering

technfques. Picosecond pulses and the ability to match soft xurays to the absorptien features of major

structural biological elements, such as carben, nitrogen, and oxygen, will make it possfble to vndertake dynamical
response studies of specimens in something very close to their natural state, The coherence praperties of undulator
radiatfon will extend the use of synchrotron radfation fnto the phase-sensitive warld of x-ray interferometry and
biological microholography.

In atomic and molecular physics, very high photon fluxes are ngeded Tor spectroscepic studies of free atoms and
molecules in the gas phase; with radiation from undulators and wfgglers an acceptable signal-to-noise ratio can be
obtained for many experiments in the x-ray reglon. The facility will introduce new standards for spectral

reselution, and will provide access to new Studies of atoaic structure amd dynamics, quantum taterference effects,
an¢ threshold phenomena,

In chemistry, the facility will open new areas ef research on chemice) reactlivity. High spectral bridliance
and plcosecond time structura of the radiation will permit hWigh-resolutien dynamical studies of reaction
kinetics, intramolecular transfer processes, excited state proton and electron transfer, and molecular
ghotodissaocfation amd photoinnization,

In materials and surface science, the capabiiities of the 1-2 GeV Synchratren wil) permit new investigations of bulk
matarials as well as surfaces and Intarfaces. Time~-resolved stuwdies ¥n catalysis will be possible with XUV
radfation of extremely Migh brilliance and picesecond time structure. For instance, ft will be pessible te study

the dynamics of surface contamination and interface Farmation and ta verify mfcroscopic models for catalysis,
oxidation, corrosien, and Interfaca growth.
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l. Title and tocatton of project: 1-2 GeV Syechrotron Radiation Source 2. Project No.: 87-R-406
Lawrence Berkeley Laboratory
Berkeley, California

9. Purpose, Justification of Need for, and Scope of Project [continued)

Industrial vtitization of XUV radiation wiil be stimulated by the availability of this radiation source, which caun
bacome a focal poist Tor industrial-acadesdc collaboration. One industrial application of radiation from the 1-2
GeV Synchrotron is improved mask fabrication for the microelectromics imdustry. By utiltzing the full potential of
synchrotron radiation for x-ray lithography, it will be possible to achiceve finer feature sizes at less demandfng
aspect raties, while competitive writing speeds are maintained.

In the area of natlona) security, scientists at several pational dafense lahoratories have expressed the need for
access to a modern soft x-ray synchrotron radiation facility like the 1-2 GeY Synchrotron. They have emphasized
dependable access to high-flux, high-brilliance facilities for program-related research.

These scientific opportunities are only a sample, indfcating the potential for state-of-the-~art synchrotron
radiation research with the 1-2 GeV Synchrotron. The proposed factlity will provide a much-needed addition to
thits country's oversubscribed Synchrotron radiation sources, and will provide important new opportunitfes for
student research and training {n an area in which a lack of qualifled personnel 35 already bedng felt. These
sctentIfic and educational opportunities have beesi wall documented recently by national committees studying
major research facilities needed to keep the Unitad States scientifically competitive. Thase committees have
consistently given the 1-2 GeV Synchrotroe high priarity., They include the DOE‘'s Planning Study for Advanced
National Synchrotron Radiation Facilities, the NRC's Major Raterials Facili{ties Cemmittas, and the DOE's ERAB
NMaterinmls Facilities ad hoc Review Committee which reviewed the MRC report.

The 1-2 GeV Synchrotron will be available to general users as well as to participating rescarch teams {PRT's).

The Laboratory is determined to construct a user-Triendly facility and has arrangements for users to play a significant

role tn determining the specification and design of the heamlines, #efore commencing construction, tBL will conduct
one more Users' Workshop to fimalize operstional parameters and organize heamline user teams. In addition, the 1-2
Ge¥ Synchrotron has 7 additiona) straieht sections and 24 ports on bending magnets that will be available for
development by PRT's or for future facility enhancement by LBL to enable users to take advantage of new scientific
opportunities or unforeseen technological developments. Realizatfon of the Tull capabilities inherent in the 1-2
Gz¥ Synchrotron configuration would result in support of up to 60 user stations.
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1. Title and location of project: 1-2 GoY Synchrotron Radiation Source 2. Project No.: B7-R-406
Lawrence Berkeley Laboratory
Berkeley, California

10, Detail of €ost Estimate

The project provides funds for an Architect-Enylneer to accomptish design sufficlient to define the cost.

schedule, and scope of the sroposed fac1lity. Also lacluded are funds necessary (or long lead precurasent

for those compOnents which weuld timit ¢the timely coepletion of the pPreject. Early studies have been conpleted and
it 1s anticipated that the TEC will be 390,000,080 to $108,000,000.

11, Methods of Performance

Conventienal facidities engineering design will be perforeed under a negotiated Architect/€agtneer subcentcact.

12. Funding Schedule of Project Funding and @ther Rejated Funding Requirements

Fy 1987 Total
a. Total profect costs

LS “-E GOSES TNNe - RIS ePesPomccscs fcocecscesocasson ‘ 1-500 5 1.5[":'
Hobtak fACTEMLY. costs. .la.d.. ole . M. el ‘o 1,500 1.500

2. Other Project costs
-ﬂ: Stot‘age Ring R&D..... 1000 veessoe ®900icceccnn 1,000 1,000
b} Insertion Device and Beamline R8D.... e v.. . 508 500
(C] startupoc‘o.oovcoot.oooooocoolo.v'--polooqo.. 0 0
(d) Capital Equipmnent Related to R3D............ 500 500
Total other project funding.....ceceviicvevae. 2,000 R ]

Tota] p“OJCCt fmding"l....t.h..l.l."vo..l : E:E! i E:EE
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Titte and location of project: 1-2 GeV Synchrotron Radiatien Source 2. Project Mo.: 87-R-406

| P
Lawrence Berkeley Laboratory
kerkeley, Califernia
15. Warrative Explanation of Total Project Funding and Other Related Funding Requirements

The FY 1987 funding request for the project 1s for A-E design and long lead procurement nocessary to fully
define the cost, schedule, and cost of the proposed Facility.

Site preparation and bufilding construction for the 1-2 GeV Syschrotron Facility is scheduvled for FY 1988-1989,
in order that the bufldfng he ready for instatlation of the lajector and the storage ring. Fabricatfon el the
beamlines and insertiom devices ts scheduled fer FY 1988-1991,
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