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Genera l Account ing Omce 
Wash ington, DC 20548 

Resources, Commun ity, and 
Economic Deve lopment Div is ion 

B-210947 

March 15,199O 

The Honorab le Les Asp in 
Cha irman, Committee on Armed Serv ices 
House of Representat ives 

Dear Mr. Cha irman: 

On June 30, 1989, you requested through House Armed Serv ices 
Committee Report 101-121, accompany ing the Defense 
Author izat ion Act (P.L. 101-189), that we examine certa in 
aspects of the Department of Ener y 's 
Conf inement Fus ion (ICF) program. 7 

(DOE) Inertia l 

Spec if ica l ly, the Committee report requested that we 

"rev iew the performance of KHS Fus ion, Inc., and 
the other f ive part ic ipants in the ICF program, to 
determine the performance of each in re lat ion to 
the program ob ject ives of the ICF program and the 
spec if ic tasks and mi lestones that have been 
estab l ished for each part ic ipant in support of the 
overa l l program ob ject ives. l l 

We subsequent ly met with the Committee to d iscuss the 
request and agree on what approach to take. 

The Committee report a lso d irected us to concentrate on the 
performance per iod of January 1, 1987, through June 30, 
1989, and to coord inate our act iv it ies with those of the 
Nat iona l Academy of Sc iences to avo id any dup l icat ion. The 
Committee requested that the Academy rev iew the techn ica l 
feas ib i l ity of the ICF concept, inc lud ing the progress that 
the program's part ic ipants have made s ince the Academy 's 
1986 rev iew of the ICF program. 

Th is request was prec ip itated by DOE's a l legat ion that the 
performance of one of the s ix part ic ipants in the ICF 
program, EMS Fus ion, Inc. (EMS), "has not met program 

1The total ICF program budget for f isca l year 1989 was about 
$165 mi l l i on. 
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expectat ions." KMS, a pr ivate contractor, supports the 
inert ia l nuc l ear fus ion research exper iments of the other 
part ic ipants, ma in l y by prov id i ng fus ion target components 
for these exper iments. 

Other part ic ipants in the program inc lude DOE's Lawrence 
L i vermore, Los A lamos, and Sand i a Nat iona l Laborator ies, the 
Nava l  Research Laboratory, and the Un ivers ity of Rochester. 
Laboratory research performed by these ICF part ic ipants 
invo lves us i ng lasers or part ic le b e am acce lerators 
(referred to as ltdr ivers l l) to bombard t iny fus ion fue l 
capsu l es (referred to as l ltargets l l) in order to cause a 
momentary fus ion react ion.2 Each is i nvo lved with 
invest igat ing a d ifferent conceptua l  approach to ICF. For 
examp le, L i vermore and Rochester use g lass lasers, Los 
A l amos uses a gas laser, the Nava l  Research Laboratory is 
trans it ion ing from a g lass to a gas laser program, and 
Sand i a is deve l op i ng a part ic le b e am acce lerator to perform 
ICF tests. Most of the exper iments performed by these 
laborator ies have never been done before: thus, they are on 
the lead ing edge of ICF techno logy. 

SUMMARY OF FINDINGS 

In summary, we found that KMSI performance dur ing the per iod 
we rev i ewed was m ixed. Wh i l e KMS successfu l l y performed 
some support tasks, it had d iff icu lt ies with other tasks 
ma in l y because of prob l ems trans it ion ing to its new support 
ro le in the ICF program. These trans it ion prob l ems resu lted 
in unacceptab l e performance by EMS on some of the tasks that 
are the most important for support of the ICF program. The 
nat iona l l aborator ies--L ivermore, Los A lamos, and Sand ia-- 
accomp l i shed many of the ir research ob ject ives, but some 
ob ject ives had to be dropped or deferred, or took longer 
than p l anned ma in l y because of insuff ic ient fund ing and/or 
the comp lex i ty of the ob ject ives. The Nava l  Research 
Laboratory and the Un ivers ity of Rochester met most of the ir 
ob ject ives dur ing our rev i ew per iod. More spec if ica l l y, we 
found the fo l l ow ing: 

-- EMS ' current 3-year compet i ve l y awarded contract with DOE 
(s igned on May 1, 1987) represents a trans it ion for EMS 

2DOE p lans to use the resu lts of th is research to support 
nuc lear weapons effects stud ies because of the s im i lar ity Y between ICF laboratory-sca le exper iments and nuc lear 
exp los i ons. 
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from its prev i ous ICF program ro le, wh i ch a l l owed JKMS 
more i nvo l vement and f lex ib i l i ty in in it iat ing and 
perform ing ICF research. Under the current contract, EMS 
supports the efforts of others, ma in l y by supp ly i ng 
target components for use in ICF exper iments. Wh i l e EMS 
has been ab le to successfu l l y perform many of the tasks 
where it has suff ic ient staff and expert ise, it has 
exper i enced d iff icu lt ies in s ome other important task 
areas. For examp le, in 1987 and 1988, EMS laboratory 
customers comp l a i ned that the ir progress had been s l owed 
because of EMS ' unacceptab l e performance on some target 
fabr icat ion and de l i very tasks --the ma i n pr ior ity of the 
support contract. EMS showed some improvement in 1989 in 
areas that were prev ious ly rated as unacceptab l e, 
espec ia l l y improv i ng its commun i cat i ons with its 
laboratory customers. However, progress in a few target 
fabr icat ion and de l i very areas cont i nues to be s l ow and 
some prob l ems sti l l pers ist. Wh i l e EMS agrees with the 
comp la i nts of its customers on some tasks, it c ites 
d iff icu lt ies in trans it ion ing to its new ICF support 
ro le, inc lud ing prov id i ng suff ic ient numbers and sk i l l 
m i x of staff necessary to perform the type, vo l ume, and 
pr ior ity of work needed for some tasks. KMS sa id it is 
work i ng to so lve these staff ing prob l ems. DOE has tr ied 
to better d irect EMS ' efforts by c loser mon itor ing, 
forma l progress rev iews, eva luat ions, and feedback. DOE 
be l i eves that KMS has now had suff ic ient t ime (3 years) 
and fund ing to overcome any prob l ems assoc i ated with 
trans it ion ing to its current ICF support ro le. KMS ' 
contract with DOE exp ires in 1990, at wh i ch t ime DOE wi l l 
recompete the contract. 

-- L i vermore, the lead laboratory for the ICF g lass laser 
program, accomp l i shed many of its ob ject ives dur ing 
January 1, 1987, through June 30, 1989. However, 
L i vermore had to defer some important target-phys ics 
exper iments ma in l y because of insuff ic ient fund ing. The 
two other ma jor laborator ies, Los A l amos and Sand i a, a lso 
c ited fund ing prob l ems as reasons for not meet i ng some of 
the ir ob ject ives. Los A lamos, the lead laboratory for 
gas lasers, a lso c ited lack of access to other laser 
fac i l i t ies (wh i l e deve l op i ng its own) and unant ic i pated 
comp lex i ty of exper iments as reasons for its program 's 
s l i pp ing beh i nd schedu l e by 1 to 2 years. Sand i a, the 
lead laboratory for the part ic le b e am acce lerator 
concept, a lso c ited techn ica l d iff icu lt ies in meet i ng * its ob ject ives. Sand ia ' s program a lso s l i pped by 1 to 2 
years. The two other sma l l er ICF laborator ies, located 
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at the Un ivers ity of Rochester and the Nava l  Research 
Laboratory, met most of the ir ob ject ives dur ing the 
per iod that we rev i ewed. A few ob ject ives were 
accomp l i shed later than or ig ina l l y p l anned ma in l y because 
of the comp lex i ty of the exper iments invo lved. 

The Nat iona l Academy of Sc iences rev i ewed the ICF program in 
1986 and recommended that program fund ing rema i n at the 
f isca l year 1985 leve l ' i n rea l terms to accomp l i sh program 
ob ject ives dur ing the subsequent 5 years. A lthough the 
Congress supported ICF program fund ing at h igher leve ls than 
requested by the admin istrat ion, program fund ing has not 
kept pace with inf lat ion. S ince the Academy ' s 1986 
recommendat i on on fund ing, there has been more than an $80 
mi l l i on loss in fund ing compared with what it wou l d have 
been at the 1985 fund ing leve l.3 In its January 1990 
inter im report on the ICF program, the Academy sa id that 
good progress had been made s ince its 1986 rev i ew of the 
program, but some ob ject ives were not met because fund ing 
had fa l l en s ign if icant ly short of the recommended leve l. 

OBSERVATIONS 

The overa l l  progress of the ICF program dur ing January 1, 
1987, through June 30, 1989, has essent ia l l y kept pace with 
the lt l im ited l l fund ing prov i ded the program and the 
d iff icu lty of the ob ject ives attempted. If fund ing 
cont i nues to be l im ited, then the progress is l ike ly to be 
affected. 

Most of the s ix part ic ipants d id not accomp l i sh a l l of the ir 
p l anned ob ject ives or ass i gned tasks for var ious reasons. 
However, we be l i eve that compar i sons of performance among 
the s ix part ic ipants wou l d not be va l i d because of the 
d ifferent funct iona l ro le each performs in the program (from 
ma jor l ead laboratory to support contractor), d ifferent 
degree of d iff icu lty of ob ject ives (from conceptua l  research 
on the lead ing edge of the ICF techno l ogy to ma in l y 
perform ing ass i gned support tasks), and d ifferent stages of 
deve l opment of part ic ipant programs (from the more we l l - 
deve l oped g lass laser program to the more conceptua l  
part ic le b e am acce lerator approach to ICF). 

” 3The cumu lat i ve fund ing def ic it due to inf lat ion i nc l udes 
the per iod of f isca l years 1986 through 1989. 
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W ith regard to the target deve l opment and fabr icat ion 
support now prov i ded by KMS, DOE p lans to recompete th is 
contract in the near future. In des i gn i ng th is new 
contract, DOE shou l d cons i der ways to ma inta i n acceptab l e 
contractor performance (such as award fees for outstand ing 
performance and withho ld i ng award fees for cons istent ly 
unacceptab l e work on certa in tasks). 

Sect i ons 1 through 7 conta in a more deta i l ed d i scuss i on of 
the resu lts of our work. 

SCOPE AND METHODOLOGY 

To respond to your request, we interv iewed ICF program 
off ic ia ls at DOE headquarters, DOE's San Franc i sco 
Operat i ons Off ice, and its A lbuquerque Operat i ons Off ice: 
v is ited and he ld d i scuss i ons with a l l of the ICF 
part ic ipants; and rev i ewed pert inent interna l documents 
concern i ng program ob ject ives and performance. We  a lso 
attended a l l Nat iona l Academy of Sc iences ICF conferences 
he ld at the part ic ipants and coord i nated our report resu lts 
with the Academy ' s ICF study pane l. 

In subsequent d i scuss i ons with the Committee, it was agreed 
that we wou l d not deve l op our own i ndependent cr iter ia to 
eva luate part ic ipant performance, but wou l d rev i ew and 
d i scuss DOE's assessments of the part ic ipants with DOE and 
the part ic ipants and attempt to exp la i n and reconc i l e 
d ifferences. 

As requested by the Committee, we d id not obta in off ic ia l 
agency comments on a draft of th is report. We  d id, however, 
d i scuss pert inent sect ions of our draft report with 
cogn i zant DOE off ic ia ls and ICF program part ic ipants and 
have incorporated the ir comments as appropr iate. Our work 
was performed between August 1989 and February 1990 in 
accordance with genera l l y accepted government aud it i ng 
standards. 

We  are send i ng cop i es of th is report to appropr iate 
congress i ona l  committees: the Secretary of Energy; the 
Director, Off ice of Management and Budget; the Nat iona l 
Academy of Sc iences; and other interested part ies, inc lud ing 
the s ix part ic ipants in DOE's ICF program. 
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If you have any quest ions, p l ease contact me at (202) 275- 
1441. Ma jor contr ibutors to th is br ief ing report are l isted 
in append i x I. 

Sincere ly yours, 

6 
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SECTION 1 

PROGRAM BACKGROUND 

INERTIAL CONFINEMENT FUSION 

In nuc lear fus ion, nuc le i  of i sotopes such as hydrogen 
co l l i de with each other at h igh speed, un it ing and re leas ing large 
amounts of energy. Nuc l ear fus ion has weapons phys i cs app l i cat ions 
and a lso ho l ds prom ise as a potent ia l l y abundant source of 
e lectr ic ity. 

Inert ia l Conf i nement Fus i on (ICF) uses the energy from a laser 
or part ic le b e am acce lerator to heat and compress a t iny fue l 
capsu l e (a "targetIt) conta in i ng a m ixture of hydrogen isotopes 
(e.g., deuter i um and tr it ium) to a very h igh dens ity, in it iat ing a 
fus ion react ion throughout the fue l. The fus ion react ion may y ie ld 
an energy output many t imes greater than the or ig ina l energy input, 
a cond it i on known as "h igh ga in." 

Severa l  d ifferent k inds of lasers and part ic le b e am 
acce lerators (known as ttdr ivers lt because they "dr ive lV the fus ion 
react ion) are used by ICF researchers. The DOE ICF part ic ipant 
laborator ies use so l i d state g lass lasers, krypton f luor ide (KrF) 
gas lasers, or part ic le b e am acce lerators. If the dr iver d irect ly 
bombards the target with energy, the process is known as "d irect 
dr ive. lV If the energy is f irst converted to X-rays wh i ch then heat 
and compress the target, the process is ca l l ed " ind irect dr ive. l ' 
T he DOE ICF program uses both approaches. 

DOE's ICF Proqram 

The goa l of the DOE ICF program is to ach i eve a sma l l  
thermonuc l ear exp los i on in the laboratory for the purposes of 
weapons phys i cs stud ies, for stud ies of weapons effects on systems, 
and as a poss ib l e energy source in the l ong term. Six part ic ipants 
are invo lved in th is effort. 

Lawrence L i vermore Nat iona l Laboratory (LLNL) has the largest 
and most comprehens i ve ICF research program and funct ions as l ead 
laboratory for g lass lasers. Los A l amos (LANL) and Sand i a Nat iona l 
Laborator ies (SNL) have been des i gnated as lead laborator ies for 
the KrF gas laser and part ic le b e am acce lerator approaches, 
respect ive ly. LLNL and LANL are operated by the Un ivers ity of 
Ca l i forn ia under contract to DOE as nat iona l weapons laborator ies. 
SNL is operated by Sand i a Corporat ion, a subs id i ary of AT&T 
Techno l og i es. The Un ivers ity of Rochester ' s Laboratory for Laser 
Energet i cs (UR/LLE) is a un ivers ity research fac i l i ty and is the 
on ly part ic ipant with a comp lete l y unc lass if i ed program. The Nava l  
Research Laboratory (NRL) has the sma l l est ICF research program, 
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and EMS is a pr ivate corporat ion ma in l y prov id i ng support to the 
other f ive part ic ipants. 

Tab l e 1.1 out l i nes each part ic ipant 's ro le and the contractua l 
agreement it has with DOE for ICF work. F i ve of the ICF 
part ic ipants (LLNL, LANL, SNL, UR/LLE, and NRL) perform exper iments 
that are on the lead ing edge of the ICF techno logy: most of the 
exper iments they perform have not been done before. Thus, it is 
d iff icu lt to est imate the amount of t ime and cost for some of the 
exper iments. EMS is the on ly part ic ipant that operates under a 
contract awarded through compet it i ve b idd ing. KMS ' ro le as a 
support contractor is un i que because it must perform spec if ic 
tasks requested by other part ic ipants in a t ime ly manner with 
qua l i ty work so that research schedu l es can be met. The tasks 
inc l ude target des ign, deve l opment, fabr icat ion, and de l i very 
serv ices, as we l l  as other support for ICF target exper iments. DOE 
and the laborator ies that KMS supports rev i ew KMS ' progress twice a 
year. Th i s i nc l udes a forma l performance eva luat ion sess i on at the 
end of each year for the current 3-year contract, wh i ch exp ires in 
Apr i l  1990. DOE to ld us that it treats its contractor, EMS, as 
fa ir ly as the other part ic ipants, but un l i ke the other 
part ic ipants, it more forma l l y and spec if ica l l y eva l uates EMS ' 
performance on the tasks it has been ass i gned. DOE does th is 
because EMSI ro le (ma in l y to support others ' efforts) in the 
program is d ifferent and its contractua l re lat ionsh ip is d ifferent. 
By ass ign i ng spec if ic tasks to EMS and then hav i ng the laborator ies 
forma l l y eva l uate EMS ' performance on these tasks, DOE can better 
focus the efforts of EMS to meet the needs of the nat iona l program. 

10 



' Tab le 1.1: Part ic imrrte UY XCF Rwram 

Laboratory c!ontracttvpewith lXE 

DOE ICFLead 
;aborator ies 

Lawrence L i vmm 
Nat iona l LaboraWry 

Ins A l amos Nat iona l 
Laboratory 

Sand i a Nat iona l 
Iaboratory 

Non-LXX Laborator ies 

Un ivers ity of 
Rochester 

Nava l  Research 
Laboratory 

E)rogram support 
Contractor 

KMS Fus ion, Inc. 

Source: DOE. 

DOE's Off ice 

So l i d state g lass laser-- 
Ind irect Dr ive 

Deve lop i rqKrFgas laser-- 
Ind irect Dr ive 

L ight Ion Part ic le Beam 
Acce lerator 

So l i d state g lass laser-- 
Direct Dr ive 

Start ingKrFgas laser-- 
Direct Dr ive 

Support contractor for 
other part ic ipants 

ManagementandOperat i ons 

ManagementandOperat i ons 

ManagemantandOperat i ons 

Cooperat i ve Agzement 
for research 

InteragencyAgreement 

3-year co&-p lus-f ixed- 
feewith two poss ib l e 
l-year extens ions: awarded 
compet it i ve l y 

of Inert ia l Fus i on (DOE/IF) manages the program. . -. .- - _. . 
In genera l, DOE mon itors the progress of ind iv idua l part ic ipants 
through per iod ic m i l estone, peer, and top ica l rev i ews (e.g., target 
phys ics, dr iver deve l opment, etc.). Al l part ic ipants attend 
quarter ly program managers meet i ngs (attended as we l l  by 
representat ives from DOE/IF and the DOE Operat i ons Off ices), and 
ma inta i n regu lar and frequent contact with DOE. Al l prov ide DOE 
with progress reports and/or program br ief ings. 

DOE/IF is ass isted by the DOE San Franc i sco (SAN) and 
A lbuquerque (AL) Operat i ons Off ices. DOE/IF prov i des the 
laborator ies with techn ica l gu i dance, wh i l e SAN and AL prov ide 
admin istrat ive overs ight. SAN oversees LLNL, and in 1988 SAN 
assumed respons ib i l i ty from the DOE Nevada Operat i ons Off ice for 
overs ight of UR/LLE, NRL, and KMS. AL prov i des overs ight for LANL 
and SNL. SAN and AL work with the part ic ipants in rev i ew ing and 
approv i ng proposed work p lans, he l p with contract admin istrat ion 
and fund ing matters, and rev i ew program efforts. Representat i ves 
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from SAN and AL rev i ew progress reports, attend program meet i ngs 
and rev iews, and ma inta i n contact with part ic ipants through 
te l ephone ca l l s and occas i ona l  v is its. 

Features of the ICF Proaram 

Program decentra l i zat ion and laboratory autonomy are ma jor 
character ist ics of the ICF program. For examp le, LLNL, LANL, and 
SNL are granted great d iscret ion in def in i ng research and advanced 
deve l opment programs, a l l ocat ing resources, and commun i cat i ng 
d irect ly with other government agenc i es. NRL, UR/LLE, and KMS 
possess a lesser degree of autonomy. 

The program a lso features a m ix of cooperat i on and 
compet it i on. The s ix part ic ipants form a d iscrete, c lose-kn it 
commun i ty of sc ient ists who co l l aborate c lose ly and are extreme ly 
we l l - i nformed about each part ic ipant 's strengths and weaknesses. 
Many have spent the ir who l e careers in the program; some have 
worked at more than one part ic ipant laboratory. They he lp each 
other with techn ica l prob l ems, share techno l ogy for common l y  needed 
tasks, and loan each other usefu l equ i pment when needed. On the 
other hand, they are in obv i ous compet it i on to max im i ze the ir share 
of program fund ing, and to determ ine whose ICF dr iver concept is 
more l ike ly to l ead to h igh ga in. 

JCF Prosram Fund i nq 

ICF program fund ing has not kept pace with the constant f isca l 
year 1985 leve l of effort recommended by the Nat iona l Academy of 
Sc iences (NAS) in its 1985/1986 rev i ew of the ICF program. Fund i ng 
was cut s ign if icant ly in f isca l year 1986. Us i ng LLNL inf lat ion 
i ndexes, we found that cumu lat i ve program fund ing for operat ing 
costs over the 4-year per iod was about $88 mi l l i on less than if the 
f isca l year 1985 fund ing leve l had been ma inta i ned in rea l terms. l 

lDOE, us ing s l ight ly l ower inf lat ion i ndexes from a more genera l  
"nat iona l defense" category, ca lcu lated a cumu lat i ve fund ing loss 
of $65 mi l l i on dur ing th is per iod. 

12 



-a 
(Current-Year ~ l l ars in Mi l l i ons) 

drmu lat ive Difference 
constant Actua l beween 

F it i l FY 85 esca lat ion FY 85 
* - leve l 

oP= i= i * 
m  

19EL 154.8 1.00 154.8 154.8 0.0 
19 2 '6 154.8 1.03 159.4 137.9 21.5 
19 ,7 154.8 1.05 162.5 142.7 19.8 
19818 154.8 1.11 171.8 151.0 20.8 
1949 Ad2 181.1 155.5 25.6 

Tota l L!!z 829.6 741.9 8z la , 
aI' converted to FY 1989 do l lars, the tota l of th is co l umn is $112.5 mi l l i on. ft 
No&: IBesnot inc ludecap ita legu ipmentfund ing. 

so l+ lrce: DOEandLawrence L ivermore Nat iona l I&oratory. 

Dur ing the per iod f isca l year 1985-89, UR/LLE's, NRL's, and 
KMS '  share of tota l ICF program fund ing rose from approx imate ly 16 
percent to approx imate ly 22 percent, wh i l e that of the three DOE 
laborator ies has dec l i ned proport ionate ly. S ince f isca l year 1986, 
LLNL and LANL budgets have rema ined fa ir ly constant, but have not 
kept pace with inf lat ion. SNL budgets have r isen modest ly overa l l 
but have been cut back recent ly. (See tab le 1.3.) 

Tota l f isca l year 1985-89 fund ing for the laborator ies was as 
fo l lows: 
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(Current-ka.rJ.Mlars i nMz:ons, 
Tab l e 1.3" Tota l ICI? Lab0 IYPKwramm lnq 

F isca l LaboratorY 
Vear Js i l JYLm ! izad w uwL;LEa I<IuIs B&&Lb 

1985 73.2 43.9 21.8 3.9 8.6 13.2 164.6 

1986 66.6 32.1 23.4 2.8 9.0 13.5 147.4 

1987 67.6 30.5 24.0 3.8 9.6 14.0 149.5 

1988 68.8 30.7 29.5 3.8 10.9 14.4 158.1 

1989 67.7 31.5 27.6 4.8 13.6 17.5 162.7 

aA sma l l  proport ion of UR/LLE ls ICF fund ing is non-DOE fund ing. 

bF i gures inc l ude operat ingardcap ita lequ i~tfunds. Tota l does 
not inc l ude $1-2 mi l l i on ach year, wh i ch is he l d at DOE 
headquarters leve l. 

Note: Rowsmaynottota l becauseofround i ng. 

source: Ind iv idua l laborator ies. 

The f isca l year 1990 Pres ident 's Budget request was $168.9 mi l l i on 
for the DOE ICF Program. Congress i ona l  committees d irected that 
fund ing be $173.9 mi l l i on. However, accord i ng to DOE, the f ina l 
appropr iat ion may be s l ight ly l ower due to a mandated Gramm-Rudman- 
Ho l l i ngs def ic it reduct ion cut and other poss ib l e ad j ustments under 
cons iderat ion. 

In the past few years, congress i ona l  committees have d irected 
that UR/LLE, NRL, and EMS rece ive add it iona l fund ing from DOE in 
amounts spec if ica l l y des i gnated for them. The DOE nat iona l 
l aborator ies c l a im that the other three, espec ia l l y EMS, are adept 
at w inn i ng add it iona l fund ing recommendat i ons from the Congress at 
the expense of the DOE laborator ies. However, s ince 1983, most ICF 
part ic ipants have benef itted from funds added by the Congress to 
the Pres ident 's in it ia l budget request. In f isca l year 1989 
congress i ona l  committees, however, added no funds to the budget but 
d irected what amounted to a sh ift of funds from the DOE nat iona l 
l aborator ies to the other part ic ipants. S ince f isca l year 1988, 
tota l ICF program fund ing has rema i ned fa ir ly constant. When  tota l 
program fund ing does not increase, congress iona l l y d irected fund ing 
i ncreases at one or more laborator ies mean a sh ift in funds from 
other laborator ies. The Director of DOE's ICF program to ld us that 
program fund ing sh ifts among part ic ipants are detr imenta l to the 
program if they cause the part ic ipants exper i enc i ng cuts to de l ay 
ach iev i ng the ir ob ject ives. On the other hand, it can be argued 
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that without spec if ica l l y des i gnated fund ing, the non-DOE 
laborator ies (UR/LLE and NRL) may not rece ive a l lfa ir lV share of 
fund ing in d irect compet it i on with the larger DOE nat iona l 
laborator ies. In the case of KMS, DOE be l i eves that KMS@ fund ing, 
as a support contractor for the program, shou l d be determ ined on 
the bas is of the spec if ic needs of program part ic ipants for support 
serv ices. 

In f isca l year 1989, two laborator ies underwent fund ing cuts 
from the f isca l year 1988 budget leve ls: LLNL ($1.1 mi l l i on), and 
SNL ($1.9 mi l l i on). LANL ' s budget i ncreased by $800,000. The non- 
DOE laborator ies and KMS rece ived more substant ia l  i ncreases in 
fund ing: NRL ($1 mi l l i on), UR/LLE ($2.7 mi l l i on), and KMS ($3.1 
mi l l i on). Th i s has led to comp la i nts from the DOE nat iona l 
l aborator ies that some of the ir exper iments had to be de l ayed and 
ob ject ives postponed. 

In add it ion, DOE and some part ic ipants to ld us that wh i l e 
reasonab l e compet it i on is hea lthy, the current intense compet it i on 
for fund ing is perhaps becom ing counterproduct ive. 

Future ICF program p lans inc l ude a Laboratory Microfus ion 
Fac i l i ty (LMF) where part ic ipants wou l d perform ICF target 
exper iments des i gned to ach i eve a h igh-ga in fus ion react ion. DOE 
wou l d se lect one of the var ious laser or part ic le b e am approaches 
as the dr iver to be used in the LMF. DOE may make its LMF dr iver 
se lect ion in the m id- to late 1990s. The DOE ICF laborator ies are 
current ly deve l op i ng the ir respect ive LMF dr iver approaches, hop i ng 
that DOE wi l l se lect the ir concept, 

NAS rev i ewed the DOE ICF program in 1985/1986 and recommended 
future d irect ions and pr ior it ies for the ICF program.2 The 
Congress requested that NAS rev i ew the program aga i n in 1989/1990. 
The NAS inter im report in January 1990 aga i n has recommendat i ons 
for future ICF program d irect ions. NAS' ma jor recommendat i ons in 
its inter im report inc l ude more concentrat ion on target-phys ics 
exper iments and the terminat ion of the Centur ion-Ha l i te program. 
NAS p lans to issue a f ina l report on the ICF program later in the 
fa l l of 1990. 

2Rev i ew of the Denartment of Enerqv l s Inert ia l Conf i nement Fus i on 
Prooram, Nat iona l Academy of Sc iences, Mar. 1986. 
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SECTION Z 

JCMS FUSION, INC. 

KMS is the on ly pr ivate contractor in the ICF program. KMS 
was a p i oneer dur ing the ear ly years of fus ion research and ho l ds 
many patents in th is area. DOE has contracted with KMS to support 
the nat iona l ICF program. DOE's contract with KMS, s i gned on 
May 1, 1987, is a cost-p lus-f ixed-fee contract awarded through 
compet it i ve b idd ing. Accord i ng to DOE, KMS ma in l y supports the 
research and deve l opment efforts of the other part ic ipants in the 
ICF program. Four of the part ic i pants--LLNL i 

LANL, SNL, and 
UR/LLE --current ly use KMSI support serv ices. KMS prov ides these 
part ic ipants with target component deve l opment, fabr icat ion, 
de l i very serv ices, and other research support serv ices. KMS ' 
current contract with DOE represents somewhat of a trans it ion for 
KMS from its prev i ous ICF program ro le, wh i ch a l l owed KMS more 
i nvo l vement and f lex ib i l i ty in in it iat ing and perform ing ICF 
research and deve l opment (R&D). 

Under th is latest contract, wh i ch ref lects the chang i ng needs 
of the program, the support contractor ( in th is case KMS) is 
requ ired to ma in l y support the research efforts of others, for 
examp le, supp ly i ng target components for others to use in the ir 
ICF exper iments. A lthough KMS has successfu l l y performed some 
tasks under th is contract, the necessary trans it ion to th is 
current contract has caused KMS some d iff icu lt ies in prov id i ng the 
numbers of staff and sk i l l m i x necessary to perform the type, 
vo l ume, and pr ior ity of work needed for other tasks. The loss of 
some key techn ica l personne l  has further aggravated the s ituat ion. 
In add it ion, the current contract has necess itated a ro le change on 
the part of KMS from be i ng more of an in it iator and performer of 
fus ion research to now fu lf i l l i ng a support ive, a lbe it important, 
ro le in the program. 

These trans it ion prob l ems have been ref lected in laboratory 
comp la i nts about KMSI performance on some tasks dur ing the per iod 
that we rev i ewed. Spec if ica l l y, laboratory rat ings of KMS ' 
performance dur ing May 1, 1987, through June 30, 1989,2 ranged from 
l lpoort l to ttoutstand ing,t l w ith unacceptab l e performance on severa l 
tasks cons i dered by the laborator ies as important or cr it ica l to 
the progress of the ir respect ive programs. In those cases where 

l The laborator ies (LLNL, LANL, SNL, and UR/LLE) are referred to as 
KMS ' laboratory t 'customerstt by DOE and the respect ive laborator ies. 

2Dur i ng January 1, 1987, through May 1, 1987, KMS was trans it ion ing 
from its o ld contract and prepar ing for the new contract wh i ch 
started on May 1, 1987. We  are not aware of any off ic ia l rat ing of 
KMS ' *performance dur ing the January 1 to May 1 per iod. 
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KMS agrees with negat ive task performance eva luat ions, it c ites 
ma in l y the trans it ion prob l ems noted above as reasons. 

The DOE contract with KMS is a 3-year cost-p lus-f ixed-fee 
contract with the poss ib i l i ty of 2 add it iona l opt ion years. Th i s 
$44.4 mi l l i on contract is due to exp ire in Apr i l  1990.3 It is a 
leve l-of-effort contract in wh i ch KMS prov ides the ICF program with 
an agreed-upon number of hours of effort wh i ch are app l i ed to 
author ized tasks spec if i ed by the ICF laborator ies and KMS itse lf. 
KMS ' congress iona l l y recommended operat ing budget for f isca l year 
1989 is $16.8 mi l l i on ($2.4 mi l l i on h igher than requested by DOE). 
Accord i ng to KMS, it prov i ded its DOE customers with approx imate l y 
1,267 person months (192,221 hours) of support serv ice in f isca l 
year 1989. KMS off ic ia ls sa id that the DOE contract represents 
approx imate l y 75 percent of KMS ' bus iness. 

In the rest of th is sect ion, we d iscuss the types of ICF tasks 
ass i gned to KMS and the accomp l i shment of these tasks. 

TASKS ASSIGNED UNDER 
THE ICF SUPPORT CONTRACT 

KMS performs the fo l l ow ing categor ies of tasks, as they are 
requested (through the DOE contract ing off icer) by the ICF 
laborator ies: 

-- Catesorv ItA" Tasks: Target techno l ogy deve l opment and 
fabr icat ion act iv it ies, inc lud ing deve l opment, eva luat ion, 
character izat ion, and de l i very of ICF targets. 

-- Catesorv r lBM Tasks: R&D support for target exper iments to 
be performed at other ICF laborator ies. 

-- Cateqorv IrCM Tasks: Operate and ma inta i n government- 
furn ished equ i pment, inc lud ing a laser and re lated 
equ i pment for test ing ICF targets.4 

-- Cateaorv "Dtt Tasks: Theoret ica l p l asma/target interact ion 
and imp los i on phys i cs mode l i ng in support of target 
deve l opment for exper iments at other laborator ies. 

3The DOE contract ing off icer to ld us that the contract is expected 
to be fu l ly costed out (the $44.4 mi l l i on wi l l have been spent) by 
February 1990. 

4Accord i ng to DOE, KMS' laser work wi l l be phased out in 1990 
because the ICF program has no need for th is KMS work. NAS has 
a lso recommended that KMS ' ICF laser work be terminated. 
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-- Cateaorv "E" Tasks: Techn i ca l  and management support for 
category A through D tasks. 

Most of the requests for EMS work are category IrA" tasks fo l l owed 
by t lBVl tasks. Among the tasks, category t lA" fo l l owed by trBrl has 
the h ighest pr ior ity. Spec if ica l l y, accord i ng to DOE, the h ighest 
pr ior ity task area under the support contract is target component 
fabr icat ion and de l i very for the pr inc ipa l target users in the 
program (i.e., LLNL, UR/LLE, LANL, and SNL).5 If these components 
are not de l i vered on schedu l e or are of infer ior qua l i ty, the 
laborator ies are not ab le to meet the ir ob ject ives and thus, 
overa l l  program ob ject ives may be de layed. 

The procedure that has been fo l l owed to deve l op an annua l  
work p lan of tasks to be performed by EMS inc ludes the 
laborator ies ' annua l l y submitt ing the ir needs, pr ior ity, schedu l es, 
and resources est imates for tasks to the lead laboratory 
representat ive located at LLNL. The lead laboratory representat ive 
works with the other laborator ies and KMS to order the pr ior it ies 
among the requested tasks and drafts a work p lan (a l ist of 
author ized tasks to be performed).6 The ICF Pro ject Manager and 
the contract ing off icer at the DOE San Franc i sco Operat i ons Off ice 
then get invo lved, and a copy of the draft work p lan is sent to 
a l l, inc lud ing KMS, for suggested changes and comments. After 
severa l iterat ions and negot iat ions, the annua l  work p lan for KM.9 
is f ina l i zed. The work p lan is then approved by the DOE 
contract ing off icer as work that EMS is ordered to and author ized 
to perform. The approved annua l  work p lan and any subsequent 
changes to th is p l an are incorporated into the contract. The work 
p lan process may take severa l months to comp lete. 

The San Franc i sco Operat i ons Off ice 's ICF Pro ject Manager, 
with input from EMS, EMS' laboratory customers, the lead laboratory 
representat ive, and DOE headquarters ICF program off ic ia ls, 
mon itors EMS ' progress toward meet i ng its ob ject ives. Accord i ng to 
DOE, a l- to a-day meet i ng invo lv i ng a l l of the ICF laborator ies 
(that use EMS serv ices), DOE, and EMS is he l d at m id-year to rev i ew 
and red irect, if necessary, EMS efforts. The latest m id-year 
progress rev i ew was he ld on September 7-8, 1989.7 Accord i ng to 

5NRL makes its own target components. 

'Dur ing th is process, EMS and the laborator ies may a lso d irect ly 
d i scuss spec if icat ions and d iff icu lt ies of tasks to he lp reach 
agreement on the t im ing and pr ior ity of tasks. 

7We rev i ewed a l l of the year-end eva luat ion reports on EMS ' 
performance and a l l m id-year progress reports for the performance 
per iod of May 1, 1987, through June 30, 1989, inc lud ing a l l 
l aboratory inputs to a l l of these reports. We  a lso d i scussed EMS ' 
performance with a l l of the laborator ies and with KMS. 
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DOE, at the end of each contract year, it asks the laborator ies to 
eva luate EMS ' performance on each task performed for them dur ing 
the year. Then, th is performance is d i scussed among a l l i nvo l ved 
at a l- to 2-day meet i ng he l d at the end of each year. DOE then 
wr ites a forma l eva luat ion of KMS ' annua l  performance based on the 
input from the laborator ies and the d i scuss i ons at the m id-year 
progress rev i ew and the annua l  eva luat ion meet ing. Two forma l 
eva luat ions had been he ld dur ing the per iod we rev i ewed--one for 
tasks performed in 1987 (a part ia l-year contract started in May 
1987) and one for tasks performed in 1988. 

EMS ' PERFORMANCE 

Wh i l e KMS has successfu l l y conducted many tasks ass i gned to it 
dur ing the course of the current contract, its performance in 
severa l cruc ia l ICF program support areas has been be l ow that 
requ ired to adequate l y support the needs of the ICF laborator ies. 

Performance in 1987 

Dur ing the f irst part ia l year (May-Dec. 1987) of the support 
contract, laborator ies ass i gned 23 tasks with var ious pr ior it ies to 
KMS. EMS successfu l l y conducted many of these tasks, wh i ch were a 
m ix of ma in l y target fabr icat ion (Category A) tasks fo l l owed by R&D 
support-type tasks (Category B). EMSI laboratory customers rated 
EMS ' overa l l  performance in 1987 as adequate to good, with 
performance on three tasks rated as nunacceptab let '  or "marg ina l." 
Spec if i c rat ings ranged from 'tunacceptab le" to "outstand ing." 

Tab l e 2.1: Lm KMS Performance on a Few Tasks in 1987 

Pr ior ity 
- 

Laboratory 
rat incfof EMS 

A Taryet de l i ver ies to LANL Unacceptab l e 

A Large fue l capsu l e deve l opment Unacceptab l e 
for SNL 

B Cryogen i c target techno l ogy Marg i na l adequate 
for uR/LLE 

Note: Accord i ngtoDoE records, therewere c&egoryAtasks, 9 B, and1C 
ass i gned to KMS in 1987. KMstperformanceonothertas~wasratedas 
ttacceptab lett to ttgoodtt or Very gccdt ' w ith one 'toutstand ing.t ' 

Saurce: DOE. 

LANL, SNL, and UR/LLE off ic ia ls sa id that the tasks shown in 
tab le 2.1 (as we l l  as other Category A and B tasks successfu l l y 
performed by EMS) were important to the ir programs, and EMSI 
marg ina l  or unacceptab l e performance on these tasks affected the 
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progress of the ir research programs. KMS sa id that the LANL target 
de l i very task was cr it ica l to LANL ' s program and be l i eved it had 
part ia l l y met the ob ject ives. IQ% sa id the task for SNL was 
important, but it d id not have as h igh a pr ior ity as some other 
tasks for other laborator ies. KMS to ld us that the UR/LLE task 
shou l d not be cons i dered in our rev i ew because it is rea l l y a 1986 
task. UR/LLE to ld us that it was started in 1986, but that KMS ' 
marg i na l  performance contr ibuted to UR/LLE 's de lay i ng some cr it ica l 
cryogen i c exper iments. UR/LLE comp leted these exper iments in 
f isca l year 1988. 

Performance in 1988 

In 1988 KMS encountered the f irst fu l l year of the r igors and 
d iff icu lt ies of hav i ng to support the agreed-upon schedu l e and 
pr ior it ies of the other laborator ies. Accord i ng to DOE records, 
the laborator ies requested that KMS perform 27 tasks dur ing 1988. 
Eight of these tasks were cance l l ed or otherw ise not 
undertaken/performed for var ious reasons. The rema in i ng 19 tasks 
were: 11 Category A tasks (e.g., target fabr icat ion for others), 7 
Category B tasks (R&D support for others ' exper iments), and 1 
Category C task for LLNL. A lthough EMS successfu l l y performed many 
of these tasks, EMS ' performance was unacceptab l e on some of the 
tasks that are the most important to the support of the ICF 
program. (See tab le 2.2.) 

Tab l e 2.2: Unacceotab l e EMS Performance on Severa l  Tasks in 1988 
Pr ior ity Laboratory IUYS' 
CatesOry m rat inc of KMSa se lf rat ing 

A Po l ymer capsu l e deve l opment Unacceptab l e Be lCXJ 
forL lNL,LANL,UR/LIE average 

A Cryotargettechno l ogy Unacceptab l e S lOW 
(exper imenta lpo* i on on ly) 

A Target de l i ver ies to IANL Unacceptab l e Foorto 
average 

A Capsu l e character izat ion Unacceptab l e Unacceptab l e 
techno l ogy deve l opment for 

B Ca l i brat ion serv icf2s for SNL Unacceptab l e Unacceptab l e 

aA few A and B tasks were cance l l ed at m id-year because of a lack of progress. 

Saurce: E)oE, ICF laboratory, andKMSdocumen ts, inc lud ing a EMS document 
comment i ngonpert i nentsect i ons of ourdraftreport. 

One of these tasks-- target component de l i ver ies to LANL--had 
a lso been rated as unacceptab l e in 1987. EMS to ld us it gave g lass 

20 



target component de l i ver ies to LLNL pr ior ity over LANL ' s requests 
in 1987 and 1988 because it cons i dered LLNL l s program more 
important s ince it was further a l ong at th is po int in t ime. KMS 
sa id it d id not have enough personne l  to g ive equa l  pr ior ity to 
LLNL and LANL. LANL sa id that these target de l i ver ies were very 
important to the progress of its program (without them exper iments 
cou l d not be done), and sa id that KMS rece ived enough fund ing to 
g ive equa l  cons iderat ion to a l l of its laboratory customers. KMS 
agreed that the de l i ver ies were important to the progress of LANL ' s 
program. LLNL comp l imented KMS on its g l ass target component 
de l i ver ies, but comp l a i ned that KMS sti l l cou l d not prov ide the ICF 
program with good po l ymer target components, even though LLNL had 
transferred th is techno l ogy to KMS. Po l ymer target components are 
becom ing increas ing ly more important to the ICF program than g lass 
target components. KMS agreed that the target de l i very tasks and 
po l ymer deve l opment tasks were very important to the laborator ies 
and the progress of the ICF program. However, KMS to ld us that the 
capsu l e character izat ion task was on ly a med i um pr ior ity task. 

KMS management off ic ia ls stated that they d id not agree with 
parts of the 1988 eva luat ion process, espec ia l l y not be i ng i nformed 
before the eva luat ion meet i ng as to what the laborator ies ' spec if ic 
rat ings were on each task, and the " long t ime" it took after the 
meet i ng to get deta i l ed wr itten feedback. KMS off ic ia ls sa id in 
1987 that they were prov i ded cop i es of these rat ings before the 
meet ing. Otherw ise, accord i ng to DOE, the 1988 process was very 
s im i l ar to that of 1987. DOE to ld us that KMS shou l d be aware of 
how it is perform ing on each task through ma inta i n i ng good 
commun i cat i ons with its laboratory customer. KMS had been 
cr it ic ized in the past for poor commun i cat i on on some tasks. A 
need for KMS to improve commun i cat i ons with its customers was a lso 
noted in Ju ly 1988 by KMS I V ice Pres ident for Fus i on Programs. 

Desp i te KMS ' d i sagreement with parts of the 1988 process, 
interna l documents prov i ded by KMS and a KMS cr it ique of parts of a 
draft sect ion of our report ind icate that some KMS personne l  
fami l i ar with these tasks and KMS management agree with many of the 
laborator ies ' pos it ive and negat ive rat ings. (See tab le 2.2.) In 
add it ion, KMS documents show cont i nuous d iff icu lt ies in staff ing 
some tasks with the adequate number of peop l e possess i ng the 
correct sk i l l s. These and other KMS documents a lso ident ify the 
loss of key techn ica l personne l  as a reason for d im in i shed 
performance on some tasks. In add it ion, KMS ' V ice Pres ident for 
Admin istrat ion to ld us that KMS is understaffed in most of those 
areas where it rece i ved negat ive rat ings from the laborator ies. 

Performance in 1989 

The m id-year rev i ew in 1989 showed that KMS ' performance had 
somewhat improved, inc lud ing its commun i cat i on with its laboratory 
customers. Some improvements were accomp l i shed, in part, by 
putt ing some tasks on ho ld for severa l months wh i l e concentrat ing 
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resources on l ong-unaccomp l i shed tasks. For examp le, KMS 
sat isfactor i l y met LANL ' s request for target components after be i ng 
rated as unacceptab l e on th is task in 1987 and 1988. KMS was ab le 
to do th is, in part, by putt ing off target de l i ver ies to LLNL, and 
as a resu lt, LLNL m issed some opportun it i es to conduct some 
exper iments in Apr i l. KMS sa id it gave LANL pr ior ity for target 
de l i ver ies dur ing the f irst ha lf of 1989 and wou l d g ive LLNL 
pr ior ity dur ing the second ha lf. LLNL off ic ia ls sa id they 
understood that KMS needed to g ive IANL pr ior ity dur ing th is per iod 
and KMS was ab le to de l i ver g l ass target components to LLNL later 
in the year. 

DOE sa id that KMS was more respons i ve in 1989,8 but a few 
tasks sti l l rema i n unaccomp l i shed, a l though progress is now be i ng 
made. KMS can now do the SNL ca l i brat ion task. (See tab le 2.2.) 
However, SNL wa ited over 7 months, became frustrated with KMS, and 
dec i ded to contract outs ide the program for th is ca l i brat ion 
serv ice. KMS sti l l was unab l e to de l i ver acceptab l e po l ymer 
target she l l s to LLNL and UR/LLE. LLNL comp la i ned that KMS is over 
1 year late in po l ymer she l l  de l i ver ies. UR/LLE became frustrated 
with KMS ' s l ow progress and mod if i ed ex ist ing Japanese techno l ogy 
to make its own po l ymer she l l s. In add it ion, comp la i nts sti l l 
pers ist concern i ng the qua l i ty of s ome of KMS ' cryogen i c target 
techno l ogy work. 

Thus, KMS must cont inue to make progress in order to meet some 
of the demands of th is contract. The somet imes compet i ng demands 
of the laborator ies force KMS to neg lect some tasks to serve others 
wh i l e it trans it ions itse lf to the r ight number and m ix of peop l e 
to serv ice the contract. KMS to ld us that it is progress i ng in 
th is trans it ion, but be l i eves it may not be fast enough to meet the 
expressed needs of the laborator ies. DOE to ld us that it be l i eves 
KMS has had suff ic ient t ime (now about 3 years) and fund ing to 
so lve its trans it ion prob l ems.g 

Further frustrat ing KMS ' ad j ustment to its new ro le in the ICF 
program is its be l i ef that the current DOE contract, wh i ch 
emphas i zes support for the exper imenta l  work of others, may erode 
KMS ' ab i l i ty and resources to in it iate and do some of the i n-house 
ICF exper imenta l  work that it has done in the past. However, 

8The meet i ng to forma l l y eva l uate KMSI performance in 1989 took 
p l ace in m id-February 1990. 

'KMS was a lerted to th is needed trans it ion dur ing contract 
negot iat ions in November 1986 and to ld DOE in March 1987 that it 
was red irect ing its efforts toward target techno l ogy tasks and away 
from exper iments and theory as part of th is needed trans it ion. KMS 
has rece i ved more funds each year through congress i ona l  
recommendat i ons then requested in the Pres ident 's budget. 
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accord i ng to DOE and the ICF laborator ies, a need no longer ex ists 
for th is type of work from DOE's support contractor. DOE says it 
is necessary to keep the efforts of its support contractor (whether 
KMS or someone e lse) d irect ly focused on the pr ior it ies of the ICF 
laborator ies through ass i gned tasks in order to get fu l l do l l ar 
va l ue from the work that the contractor does. 

A recent examp l e shows KMS ' frustrat ion with its new ro le. 
Accord i ng to DOE, KMS performed unauthor i zed work between May and 
September 1989 at a cost of about $195,000. DOE had d irected KMS, 
in the 1989 work p lan, to d iscont inue certa in cryogen i c 
exper imenta l  work. Dur ing the m id-year progress rev i ew in 
September of 1989, DOE d iscovered that KMS had cont i nued the work 
without author izat ion. After cons ider i ng the matter, however, DOE 
dec i ded not to d isa l l ow payment for th is work. Instead, DOE 
prepared a rev ised task ass i gnment to des i gnate the task as a KMS 
d iscret ionary task, and accepted the work. DOE to ld us that the 
work was redes i gnated under a prov is i on of the contract wh i ch 
a l l ows 5 percent of the contract t ime to be a l l ocated to author ized 
tasks that KMS wishes to perform. 

The DOE San Franc i sco Operat i ons Off ice 's ICF Pro ject Manager 
respons ib l e for mon itor i ng KMSI act iv it ies to ld us that he and the 
contract ing off icer dec i ded not to d isa l l ow payment for th is work 
because they perce i ved some overa l l  interest in the work as we l l  as 
a des ire to see what KMS had accomp l i shed. Also, s ince KMS was 
we l l  into the exper iments, they dec i ded to a l l ow KMS to f in ish. In 
add it ion, the manager and the contract ing off icer thought that the 
issue was not worth pursu i ng and wou l d further exacerbate stra ined 
re lat ions with KMS. 

KMS' ICF Program Director to ld us that KMS chose to do th is 
work without the author izat ion of the DOE contract ing off icer 
because KMS be l i eved that th is work is important to the long-term 
goa l of the ICF program, and cruc ia l to the surv iva l of KMS as a 
pr ivate company and as a cont inu i ng part ic ipant in the ICF program. 
He sa id he was aware that DOE cou ld d isa l l ow payment for the work. 
KMS management later den i ed that they be l i eved they were not 
author ized to do th is work. 

Under the terms of the contract with KMS, we be l i eve that DOE 
cou ld have re jected and d isa l l owed pa ment for the unauthor i zed 
work, but was not requ ired to do so. 18 In choos i ng to accept the 
work, DOE became ob l i gated to pay for it and cannot now equ itab ly 
seek to recover the payment made. We  be l i eve, however, that DOE's 
dec is i on to des i gnate the task as a d iscret ionary task and accept 
the work is counterproduct ive to DOE's des ire to focus and contro l 

l oThe contract that KMS operates under prov i des no awards for 
except iona l performance or pena lt i es for unacceptab l e performance. 
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the act iv it ies of KMS for the benef it of the other part ic ipants and 
the nat iona l program. 

DOE‘s Director of Inert ia l Fus i on to ld us that DOE has dec i ded 
to recompete the ICF support contract that KMS now ho lds. He sa id 
that DOE has been d issat isf ied with aspects of KMS’ performance. 
However, accord i ng to the d irector, DOE's dec is i on to recompete the 
contract was made ma in l y because the term of the contract wi l l be 
comp l eted in 1990, it is a compet it i ve l y awarded contract, and the 
scope of work has changed.11 

"For examp le, accord i ng to DOE, the contractor wi l l not need to 
perform laser-ass isted exper iments under the new ICF contract. 
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SECTION 3 

The Un ivers ity of Ca l i forn ia manages and operates the Lawrence 
L i vermore Nat iona l Laboratory for DOE. LLNL has the largest and 
most comprehens i ve ICF research program in the Un ited States and is 
the s ite for Nova, the wor ld ' s largest g lass laser. Dur ing part of 
the per iod that we rev i ewed (Jan. 1, 1987, through June 30, 1989), 
LLNL used its annua l  budget of about $65 mi l l i on and 340 personne l  
to ma inta i n a ba l anced three-pronged approach to meet ICF program 
ob ject ives. 

Th i s approach cons isted of dr iver-target phys i cs tests on the 
Nova laser, c lass if ied underground ICF target tests (ca l l ed the 
tfHa l itetV program),1 and dr iver research and deve l opment. However, 
accord i ng to LLNL off ic ia ls, l im ited program fund ing led them to 
adopt a strategy of sh ift ing emphas i s among the three e l ements of 
the ir program. Th is caused them to de l ay some p l anned ob ject ives 
for Nova exper iments and dr iver deve l opment. Subsequent l y, because 
of a comb inat i on of rap id progress on Ha l i te coup l ed with shr ink ing 
fund ing, they dec i ded to stop the underground tests. In add it ion, 
these budget constra ints and, to a lesser extent, LLNL ' s cho i ce of 
where to put l im ited fund ing with in its program, affected the LLNL 
Nova program 's ab i l i ty to meet some important goa l s recommended by 
the Nat iona l Academy ' of Sc i ences in its 1986 report on the ICF 
program.2 

LLNL, however, was ab le to accomp l i sh most of the rev ised 
ob ject ives it set for itse lf with the l im ited fund ing. For 
examp le, the comb inat i on of resu lts from LLNL underground 
exper iments in 1987 and Nova exper iments between 1987 and 1989 has 
enab l ed the ICF program to progress at a faster rate than 
ant ic ipated. However, even with in its ttscoped-back l l  p lan, LLNL 
sti l l had to defer a few important exper iments and act iv it ies 
because of a cont inu i ng decrease in fund ing re lat ive to the 
increas ing comp lex i t i es and costs of exper iments, the d iff icu lty of 
some ob ject ives, LLNL ' s management dec is i ons concern i ng where to 
put l im ited fund ing, and other interven ing events. 

l LANL has a compan i on underground ICF target test program ca l l ed 
t lCentur ion. l l  

2NAS made these recommendat i ons in concert with a recommendat i on 
that ICF program fund ing be susta i ned at the f isca l year 1985 
leve l. Th i s has not happened, ma in l y because program fund ing has 
not ke@t up with inf lat ion. 
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SOATS/OBJECTIVES 

LLNL determ ines its goa l s and ob ject ives for its ICF program 
on the bas is of techn ica l pr ior ity, schedu l e, and ICF budget. LLNL 
off ic ia ls to ld us that programmat i c goa l s typ ica l l y take 3 to 5 
years to comp lete and spec if ic de l i verab les as part of the goa l s 
are to be accomp l i shed with in a f isca l year. LLNL off ic ia ls 
emphas i zed that it is very d iff icu lt to meet p l anned goa l s without 
cons istent dependab l e fund ing --LLNL ls ICF fund ing has been stead i l y 
decreas i ng s i nce 1985 ma in l y because it has not kept pace with 
inf lat ion. (See tab le 3.1, last two co l umns.) Us i ng inf lat ion 
i ndexes of LLNL off ic ia ls, we found that the ir program has lost a 
cumu lat i ve tota l of $32.5 mi l l i on in operat ing funds compared with 
its f isca l year 1985 fund ing leve l in rea l terms.3 LLNL off ic ia ls 
a l so stated that the cost of conduct i ng research i ncreased by 17.5 
percent from 1985 to 1989. 

LLNL ' s ma i n goa l s for its program have been to (1) study and 
app l y the sc i ence and techno l ogy necessary to ach i eve h igh-ga in ICF 
and (2) deve l op ICF mi l i tary and c iv i l i an app l i cat ions. These are 
pursued through a m ix (depend i ng on fund ing) of the fo l l ow ing: ICF 
target-phys ics exper iments on Nova, underground exper iments 
des i gned to study character ist ics of ICF targets, dr iver research 
and deve l opment, and to a much more l im ited extent, stud ies to 
determ ine the feas ib i l i ty of us i ng ICF for mi l i tary and for 
c iv i l i an app l i cat ions (e.g., a fus i on-powered reactor). LLNL 
off ic ia ls make the dec is i on as to the amount of fund ing and 
pr ior ity that each of these areas rece ive with in the ir program. 
(See tab le 3.1.) 

-0nerat inc Costs 

ICF Tota l constant 
F isca l Dr iver Nova Target spec ia l  actua l FY 85 

techno l ogy ex?xr i .ments des ist Ha l i te stud ies d iLx!& leve l 

1985 10.2 30.4 9.1 16.3 1.3 67.2 67.2 
1986 7.6 36.8 8.8 9.0 1.1 63.4 69.2 
1987 7.7 27.0 9.0 22.2 0.8 66.6 70.6 
1988 14.3 35.3 9.3 4.4 2.8 66.2 74.6 
1989 14.7 36.0 9.5 0.8 3.3 64.3 78.6 

Note: Rcwsmay nottota lbecause of round irq. 

source: LJXL. 

31f converted to F 'Y 1989 do l l ars, the cumu lat i ve loss is 
approx im&ly $42.5 mi l l i on. 
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I Nova Goa l s 

LLNL breaks its Nova goa l s into three categor ies: (1) laser 
) operat ions, ma intenance, and improvements (e.g., rep lac ing 

contam inated g lass)4; (2) exper iments; and (3) d iagnost ics. Dur ing 
the per iod we rev i ewed, LLNL sc ient ists accomp l i shed many important 
tasks inc lud ing Nova preparat ion and important target-phys ics 
exper iments. However, accord i ng to LLNL off ic ia ls, they had to 
defer some important exper iments ( inc lud ing, for examp le, cryogen i c 
target exper iments, Nova laser beam smooth i ng and some laser/ 
target d iagnost ic deve l opments, and some demonstrat i ons of 
capab i l i ty at certa in wave l engths) because of cont i nued decreas i ng 
fund ing and increas ing costs of exper iments. Nova was the h ighest 
funded category for LLNL ' s program from 1985 through 1989. 

KMS makes the g lass she l l s for fus ion targets to be used in 
Nova exper iments. LLNL transferred th is techno l ogy to KMS and no 
longer makes g lass she l l s. LLNL makes po l ymer she l l s, wh i ch are 
becom ing more important than g lass in ICF research exper iments. 
About 2 years ago, LLNL transferred the po l ymer techno l ogy to KMS. 
However, KMS has been unab l e to make po l ymer she l l s to meet LLNL 's 
needs and is over a year beh i nd its prom ised de l i very date. Thus, 
LLNL must cont inue to make its own and has a lso made she l l s for 
UR/LLE, wh ich has s im i l ar needs. LLNL sa id the transfer was 
stra ight forward, but KMS tr ied to add too many improvements to the 
techno l ogy ( in an effort to bu i l d a corporate expert ise in th is 
area) rather than meet the immed i ate needs of its laboratory 
customer. LLNL has g i ven KMS h igh marks on g lass she l l  de l i very 
but has rated KMS as poor on po l ymer she l l  deve l opment. 

Ha l i te Tests 

Accord i ng to LLNL off ic ia ls, they emphas i zed Ha l i te 
underground tests in f isca l years 1985, 1986, and 1987. However, 
th is was done at the expense of g iv i ng Nova exper iments and dr iver 
deve l opment l ower pr ior ity because of l im ited funds. Each 
underground Ha l i te test cost LLNL about $30 mi l l i on. LLNL chose to 
end its d irect part ic ipat ion in the underground test ing ahead of 
schedu l e in late 1987. LLNL off ic ia ls to ld us th is was done 
because they be l i eved that l itt le more cou l d be l earned from Ha l i te 
for the amount of fund ing needed and the techn ica l r isk invo lved. 
LLNL off ic ia ls sh ifted the fund ing prev ious ly a l l ocated for the 
Ha l i te program to Nova exper iments and dr iver techno logy. (See 
tab le 3.1.) 

lNova l enses were found to be contam inated with m icroscop i c 
p l at i num ch ips. LLNL had to rep lace th is g l ass before Nova cou l d 
be operated at fu l l power. Rep l acement of the g lass and 
preparat ion of Nova took about 2 years, but LLNL was ab le to use 
the reduced-powered Nova to do exper iments dur ing th is per iod. 
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Driver Goa l s 

W ith the advent of the Laboratory Microfus ion Fac i l i ty 's 
becom ing an important near-term goa l in the ICF program and LLNL 
management ' s des ire to ma inta i n a sound dr iver techno l ogy program, 
LLNL sh ifted some of its funds in 1988 and 1989 from terminated 
underground tests to the deve l opment of a poss ib l e dr iver for the 
LMF. Fund i ng for dr iver deve l opment was increased by about 70 
percent over the 1987 leve l.5 (Fund i ng for Nova exper iments 
i ncreased by 30 percent over the 1987 leve l.) LLNL ' s dr iver 
deve l opment effort has inc l uded not on ly tests for h igh ga i n for 
mi l i tary/weapons purposes, but look ing ahead into the future, LLNL 
is a lso now do i ng stud ies of wh i ch dr iver may be best to eventua l l y 
power a nuc lear fus ion p lant for commerc i a l  power. Most of the 
dr iver techno l ogy subtasks that LLNL had set for itse lf were met. 
However, a few important ones were deferred because of a decrease 
in ICF program fund ing and the d iff icu lty of some ob ject ives, i.e., 
they wi l l take longer than expected. 

I LLNL and the NAS 
Recommendat i o ns 

Recommendat i o ns made by the NAS pane l  in its 1985/1986 rev i ew 
have determ ined the thrust of the nat iona l ICF program. Even 
though LLNL has accomp l i shed much in a l l three e l ements of its 
program dur ing the past few years, program budget constra ints and, 
to a lesser extent, LLNL ' s cho i ce of where to put l im ited funds 
have h i ndered the Nova program 's ab i l i ty to meet spec if ic NAS 
recommendat i ons, inc lud ing important exper iments to ana l yze the 
hydrodynam ic instab i l i t ies of fus ion targets. 

At the t ime of the 1986 NAS report, LLNL had a three-pronged 
program cons ist ing of Nova exper iments, Ha l i te underground tests, 
and dr iver deve l opment. NAS recommended that LLNL g ive Ha l i te and 
Nova exper iments top pr ior ity with on ly Ira modest exp loratory 
effort in . . . advanced g lass laser deve l opment . . . .I' NAS 
recommended that ICF fund ing stay at the 1985 leve l ($67 mi l l i on in 
operat ing funds in 1985 do l l ars for LLNL) to accomp l i sh th is. 
Fund i ng, however, has s low ly eroded to where LLNL ' s 1989 operat ing 
fund ing is about $55 mi l l i on in 1985 do l l ars. Because of th is lack 
of fund ing, LLNL scoped back its program in 1987. In add it ion, 
LLNL off ic ia ls to ld us that two other events in 1987 caused them to 
further a lter the ir ICF program p lan, i.e., 

SW a cont i nued eros ion in LLNL fund ing due large ly to 
t 'congress iona l red irect ion of funds from LLNL to EMS, UR, 
NRL, and SNLA," and 

5LLNL off ic ia ls sa id that some of its dr iver techno l ogy a lso 
inc l udes act iv it ies d irected at support ing the ex ist ing Nova 
fac i l ity. 
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-- LLNL ' s dec is i on that it had l earned what it needed from 
Ha l i te exper iments (g iven the benef it/cost and techn ica l 
r isk), and g i ven that resources were l im ited, LLNL 
off ic ia ls dec i ded it wou l d be more benef ic ia l  to 
d iscont inue Ha l i te and put th is money into Nova and dr iver 
deve l opment. 

Thus, in 1988 and 1989, LLNL off ic ia ls made a program management 
dec is i on to sh ift funds that had prev ious ly been a l l ocated for 
Ha l i te to Nova operat ions and exper iments, dr iver deve l opment, and 
spec ia l  ICF stud ies inc lud ing the LMF and mi l i tary and c iv i l i an 
app l i cat ions of ICF. However, much of the sh ifted fund ing went 
into these latter two efforts (see dr iver deve l opment and spec ia l  
stud ies, tab le 3.1), wh i ch the 1986 NAS pane l  cons i dered a l ow 
pr ior ity, and in the case of the spec ia l  stud ies (a tota l of about 
$6 mi l l i on do l l ars in 1988-89), no pr ior ity. 

Thus, some important Nova exper iments sti l l rema i n 
unaccomp l i shed, ma in l y because of decreas i ng program fund ing; but 
a lso to some extent because of LLNL ' s management dec is i on 
concern i ng where to put ava i l ab le fund ing. Accord i ng to LLNL 
off ic ia ls, the ir fund ing dec is i ons were made to create a ba l anced 
program between the Nova laboratory exper iments program and LMF 
deve l opment so that the target phys i cs and LMF des i gn m i l estones 
cou l d be comp l eted on a mutua l l y cons istent schedu l e. However, due 
to the reduced fund ing, LLNL now p lans to comp lete these Nova 
m i l estones later and in a somewhat d ifferent fash ion from the p lan 
recommended by NAS. 

In its inter im report i ssued in January 1990, NAS recommended 
dropp i ng the Ha l i te/Centur ion program (because of past program 
successes and lack of funds for add it iona l exper iments) and 
concentrat ing l im ited resources on laser-target phys i cs 
exper iments, ma in l y on Nova. NAS a lso commented that LLNL ' s 
dec is i on to concentrate some of its l im ited resources on 
deve l op i ng a dr iver for an LMF has he l ped d istract LLNL from 
accomp l i sh i ng some important Nova exper iments. DOE off ic ia ls to ld 
us that the nat iona l laborator ies, inc lud ing LLNL, are a l l owed much 
autonomy in dec id i ng the a l l ocat ion of funds with in the ir programs 
and that the deve l opment of an LMF is an important goa l to the ICF 
program. 

29 



SECTION 4 

LOS ALAMOS NATIONAL LABORATORY 

Los A l amos Nat iona l Laboratory in Los A lamos, New Mex ico, is 
the des i gnated ICF lead laboratory for ICF gas laser concepts and 
is current ly deve l op i ng a KrF gas laser ca l l ed "Aurora," to be used 
pr imar i l y for ind irect-dr ive target exper iments. Dur ing the ear ly 
197Os, LANL deve l oped a dr iver program based on a carbon d iox i de 
(CO2) laser, but abandoned it in the m id-1980s when it became c lear 
that the long wave l engths assoc i ated with CO2 laser l ight were 
unworkab l e for ICF exper iments. Dur ing the ear ly to m id-1980s, 
LANL made the trans it ion to its current Aurora appr0ach.I 

The Un ivers ity of Ca l i forn ia has a cost-p l us-management- 
a l l owance contract with DOE for operat ions and management of LANL. 
LANL ' s tota l annua l  ICF program budget (cap ita l and operat ions) has 
rema i ned re lat ive ly constant at s l ight ly over $30 mi l l i on s i nce 
f isca l year 1987. In f isca l year 1989, LANL had approx imate l y 135 
staff support ing the ICF program. 

GOALS/OBJECTIVES 

LANL 's ICF ob ject ives inc l ude three areas: capsu l e 
performance ( inc lud ing underground target exper iments with the 
c lass if ied Centur i on Program), laser-dr iver deve l opment, and 
laser-target interact ion phys ics. In f isca l year 1989, 70 percent 
of the LANL ICF budget supported KrF laser deve l opment. The 
rema in i ng 30 percent went to the Centur i on Program or to other ICF 
exper iments. LANL ach i eved on ly s ome of its f isca l year 1987-89 
ob ject ives with in the or ig ina l t ime frames, ow ing to a lack of 
access to laser fac i l i t ies (wh i l e comp let i ng Aurora); de l ays in 
target d iagnost ics, des ign, and fabr icat ion; insuff ic ient fund ing; 
and unant ic i pated comp lex i ty of exper iments. Also, KMS ' fa i lure to 
prov ide LANL with target components dur ing 1987 and 1988 
contr ibuted to LANL ' s inab i l i ty to perform some exper iments, and 
thus he l ped s l ow LANL 's program. 

Cansu l e Performance 

The capsu l e performance area inc l udes target exper iments 
under the c lass if ied Centur i on Program for underground nuc lear 
tests invo lv i ng ICF targets, as we l l  as some exper iments performed 
on LLNL ' s Nova laser. LANL accomp l i shed about one-ha lf of its 
f isca l year 1987-89 ob ject ives in the capsu l e performance area 

l The Nava l  Research Laboratory is current ly trans it ion ing from a 
sma l l  g l ass laser to a sma l l  KrF laser ca l l ed "NIKE," to be used 
for d irect-dr ive target exper iments. 
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with in pro jected t ime frames. However, some ob ject ives were 
de l ayed ow ing to a lack of access to laser fac i l i t ies. LANL was to 
use LLNL ' s Nova laser, pend i ng comp let i on of Aurora, but an 18- 
month cutback of Nova operat ions wh i l e contam inated laser g lass was 
rep laced, and a de l ay in gett ing Aurora ready to operate caused a 
s l i ppage in LANL l s schedu l ed work. A number of exper iments begun 
in f isca l years 1987 and 1988 were unf in i shed as of f isca l year 
1989, because of ongo i ng d iff icu lty in obta in i ng access to Nova or 
because the ir comp lex i ty exceeded ear l i er expectat ions. 

/ Laser-Dr iver Deve l onment 

Th i s area inc l udes exper iments necessary to br ing the Aurora 
KrF laser on- l i ne and pursue LMF dr iver deve l opment. LANL 
off ic ia ls to ld us that key techno l ogy areas for KrF lasers have 
been ident if ied and deta i l ed programs are be i ng deve l oped for those 
areas. Accord i ng to LANL off ic ia ls, a l l ob ject ives in th is 
category were accomp l i shed 1 year late because of insuff ic ient 
fund ing dur ing f isca l years 1987 and 1988. 

hasex-Taraet Interact ion 

Th i s area invo lves exper iments in dr iver-target interact ion 
such as p l a sma phys ics. Al l ob ject ives in th is area are e ither 
unf in i shed or were de layed. Al l f isca l year 1987 exper iments were 
sti l l unf in i shed as of f isca l year 1989 because of insuff ic ient 
fund ing or loss of access to Nova when it was shut down. Some 
f isca l year 1988 exper iments are unf in i shed for the s ame reasons. 
One f isca l year 1988 exper iment was comp l eted in f isca l year 1989. 
One f isca l year 1988 and one f isca l year 1989 exper iment have been 
de l ayed unt i l f isca l year 1990 so they can be performed on the 
Aurora KrF laser. 

NAS Views 

In 1986 NAS recommended the jo int LLNL-LANL underground 
test ing program (Ha l i te/Centur ion) as the number-one pr ior ity for 
the DOE ICF program. It a lso noted that upon comp let i on, Aurora 
wou l d have to successfu l l y demonstrate pu l se shap i ng. A lthough not 
ant ic ipat ing that th is wou l d prov ide immed i ate target imp los i on 
capab i l i ty, NAS encouraged LANL to cont inue KrF laser deve l opment 
as an important ICF contr ibut ion. In its 1990 inter im report, NAS 
recommended dropp i ng the Ha l i te/Centur ion effort, be l i ev ing enough 
had been accomp l i shed, g i ven the h igh cost of the program. NAS 
a lso recommended that LANL f in ish Aurora and start do i ng ICF target 
imp los i on exper iments us i ng Aurora. 
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SECTION 5 

SANDIA NATIONAL LABORATORY 

Sand i a Nat iona l Laboratory in A lbuquerque, New Mex ico, is the 
des i gnated l ead laboratory for deve l opment of the part ic le b e am 
acce lerator approach for the DOE ICF program. SNL has constructed 
the Part ic le Beam Fus i on Acce lerators (PBFA) I and II to determ ine 
the feas ib i l i ty of us i ng l ight ion beams as a  dr iver to ign ite ICF 
targets. Thus far, the program is sti l l in the deve l opmenta l  state 
and present ly is attempt ing to focus beams and shape beam pu lses. 
As of f isca l year 1990, SNL has not yet attempted target imp los i on 
exper iments. 

Sand i a Corporat ion, a subs id i ary of AT&T Techno l og i es, 
operates SNL under a 5-year renewab l e no-prof it, no-fee contract 
with DOE. Sand i a ' s ICF program current ly has 93 staff, with 
contractors prov id i ng another 60 personne l. Ninety-f ive percent of 
the f isca l year 1989 SNL ICF budget was spent on PBFA II, wh i l e the 
rema in i ng 5 percent went toward deve l op i ng a Laboratory Microfus ion 
Fac i l i ty dr iver concept. SNL is adapt i ng Hermes III, a nuc lear 
weapons effects s imu lator at SNL, to become a l ight ion dr iver 
concept for the L&IF. Tota l ICF program fund ing (cap ita l and 
operat ions cost) has i ncreased in current do l l ars from $23.4 
mi l l i on in f isca l year 1986 to $27.6 mi l l i on in f isca l year 1989. 
In response to congress i ona l  d irect ive, DOE has cut back SNL ICF 
fund ing twice. Cap ita l funds have rema i ned fa ir ly constant s ince 
f isca l year 1987, but operat ing funds have i ncreased except for a 
f isca l year 1989 cut. 

GOALS/OBJECTIVES 

SNL ICF ob ject ives are d iv i ded into e ight program e lements, 
inc lud ing such areas as PBFA II base operat ions; ion b eam focus ing 
and source deve l opment, d iagnost ics R&D, and LMF dr iver 
deve l opment. Most of these are cons i dered to be in exp loratory 
deve l opment, wh i ch exam ines the future feas ib i l i ty of concepts. 
However, LMF dr iver deve l opment efforts are cons i dered to be in 
advanced deve l opment, wh i ch attempts to prove the ut i l ity of a 
concept through an actua l tested system. 

SNL ach i eved many of its f isca l year 1987-89 program 
ob ject ives with in the or ig ina l l y pro jected t ime frames. Of those 
not met with in the or ig ina l t ime frames, most were due to three 
factors: (1) greater than ant ic i pated comp lex i ty of the 
exper iments, (2) insuff ic ient fund ing, and (3) phas i ng out 
exper iments because of changed program pr ior it ies. Some of those 
under (1) and (2) were comp l eted in later f isca l years, wh i l e 
others are sti l l in progress. The deta i l s are as fo l l ows: 
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Comn lex i tv of Ob ject i ves 

Techn i ca l  d iff icu lt ies in deve l op i ng a source to produce 
pos it ive L ith i um ions used in the l ight ion acce lerator concept 
have hampered SNL in meet i ng some ob ject ives with in pro jected t ime 
frames. SNL p lans to deve l op an ion source in 1990. SNL has a lso 
had d iff icu lty in focus ing the part ic le b e am acce lerator on an ICF 
target with suff ic ient power dens ity to perform ICF target 
exper iments. 

Insuff ic ient Fund i nq 

In m id-year 1987, congress i ona l  committees reduced the s ize of 
the or ig ina l f isca l year 1987 SNL ICF fund ing. The f ina l f isca l 
year 1987 fund ing rema i ned s l ight ly h i gher than in f isca l year 
1986, but was substant ia l l y l ower than the or ig ina l f igure SNL had 
budgeted for. In f isca l year 1989, the SNL ICF budget was 
approx imate l y $1.9 mi l l i on l ower than in f isca l year 1988. 

Accord i ng to the SNL ICF Program Director, the f isca l year 
1987 fund ing loss was a resu lt of a sh ift in ICF program funds from 
other laborator ies ( inc lud ing SNL) to EMS. In f isca l year 1989, 
funds were sh ifted from SNL and LLNL to EMS, UR/LLE, and NRL to 
imp l ement h igher congress iona l l y des i gnated fund ing for those three 
laborator ies. The ICF Program Director at SNL est imated that the 
SNL ICF program was s l owed 1 to 2 years (e.g., due to de l ays and 
restructur ing program pr ior it ies) by hav i ng to ad just to the 
fund ing sh ifts. 

Chansed Pr ior it ies 

SNL dec i ded recent ly to switch its LMF dr iver deve l opment 
efforts from PBFA II to the Hermes III concept. Therefore, SNL 
d iscont inued pu l se-shap i ng exper iments by a beam-bunch i ng method on 
PBFA II. Three f isca l year 1986 and 1987 ob ject ives invo lv i ng PBFA 
II pu l se shap i ng by beam-bunch i ng exper iments were dropped. SNL 
then began pu l se-shap i ng exper iments ins ide the target. 

SNL off ic ia ls stated that a l though EMS1 fa i lure to prov ide SNL 
with requested techn ica l support was not a large factor in SNL not 
meet i ng some program ob ject ives on t ime, it d id he l p s l ow SNL 's 
program dur ing th is per iod. For examp le, SNL 's ICF d irector stated 
in Ju ly 1988 that EMS work seems to cost SNL more in lost 
product iv ity (tasks were many months late) than EMS is budgeted 
for. He sa id the program is pay i ng dear ly for lack of EMS 
performance. SNL had to contract outs ide for serv ice EMS was to 
prov ide. The d irector sa id he d id th is because tasks were not 
done, so he had to compensate for EMS ' lack of performance. 
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Viewg 

In 1986 NAS commended l ight ion research as hav ing potent ia l 
to become the least cost ly ICF dr iver, and recommended that it 
cont inue to have h igh ICF program prior ity. However, dur ing the 
past 3 years, SNL has encountered techn ica l prob lems in attempt ing 
to prove the feas ib i l ity of the l ight ion part ic le acce lerator for 
ICF exper iments. In its January 1990 inter im report, NAS reserved 
judgment on the techn ica l feas ib i l ity of the l ight ion approach, 
say ing it wou ld address those issues in its fal l 1990 f ina l report 
us ing data through the summer of 1990. 
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SECTION 6 

UNIVERSITY OF ROCHESTER 

The Univers ity of Rochester has operated the Univers ity of 
Rochester Laboratory for Laser Energet ics s ince 1970. Of the s ix 
ICF part ic ipants, UR/LLE i s the on ly un ivers ity research faci l ity 
and the on ly comp lete ly unc lass if ied fac i l ity in the DOE ICF 
program. As such, it prov ides research opportun it ies for graduate 
students and other researchers. URJLLE uses its Omega g lass laser 
for d irect dr ive spher ica l target exper iments. UR/LLE has 
est imated it wou ld need approx imate ly $48 mi l l i on in add it iona l 
funds over the next few years to increase the power of the Omega 
laser by a factor of 7.5. Except for a pre l im inary des ign study, 
the Congress has not appropr iated funds for the upgrade. 

UR/LLE operates under a mult i-year research Cooperat ive 
Agreement with DOE. UR/LLE is current ly in the th ird year of the 
current 5-year Cooperat ive Agreement entered into in f isca l year 
1988. The Cooperat ive Agreement conta ins an annua l work p lan with 
the goa ls/ob ject ives that UR/LLE p lans to ach ieve in the coming 
year. Most of UR/LLE's ICF program fund ing comes from DOE, but a 
sma l l  amount (s ince f isca l year 1988 less than 10 percent) comes 
from non-DOE sponsors, inc lud ing New York State energy research 
author it ies and uti l it ies. UR/LLE researchers a lso rece ive some 
non-ICF funds d irect ly from such organ izat ions as DOD and NAS, who 
pay for some work done for them by the LLE researchers. Tota l ICF 
fund ing (DOE and non-DOE sources) has r isen from $9 mi l l i on in 
f isca l year 1986 to $13.6 mi l l i on in f isca l year 1989. DOE ICF 
fund ing has r isen from $7.7 mi l l i on to $12.9 mi l l i on in the same 
t ime per iod. 

In f isca l year 1989, UR/LLEls Cooperat ive Agreement supported 
90 staff (sc ient ists, eng ineers, and techn ic ians and research 
assoc iates). UR/LLE a lso has approx imate ly 26 other staff. It 
emp loys approx imate ly 50 undergraduate students on a part-t ime 
bas is, and prov ides ful l or part ia l ass istance to about 30 graduate 
students. 

GOALS/OBJECTIVES 

UR/LLE's annua l work p lans conta ined seven ma jor ob ject ives 
dur ing the per iod f isca l year 1987-89. These seven ob ject ives 
inc luded such areas as beam focus ing and smooth ing, deve lopment of 
d iagnost ic techn iques, and creat ing a cryogen ic target capab i l ity. 
UR/LLE offic ia ls to ld us that they ach ieved al l but one of these 
ob ject ives dur ing the or ig ina l ly pro jected t ime frames. UR/LLE 
offic ia ls sa id they underest imated the diff icu lt ies in deve lop ing 
the cryogen ic target capab i l ity, wh ich was schedu led to be 
comp leted in f isca l year 1987. Accord ing to UR/LLE offic ia ls, they 
a lso overest imated KMSI abi l ity to prov ide UR/LLE with cryogen ic 
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techn ica l support for target deve l opment. Therefore, th is 
ob ject ive was not ach i eved unt i l 8 to 9 months later dur ing f isca l 
year 1988. Off ic ia ls stated that they have now ach i eved a l l seven 
ob ject ives. 

Po l vmer Tarcet Fabr icat ion 

Program off ic ia ls to ld us that one ma jor goa l  not inc l uded 
among the seven ob ject ives rema ins unfu lf i l l ed: obta in i ng a 
re l i ab le supp l y of p last ic po l ymer target she l l s essent ia l  for 
further d irect-dr ive Omega laser exper iments. KMS is respons ib l e 
for deve l op i ng these p last ic she l l s to UR/LLE ls str ingent 
spec if icat ions. However, because of techn ica l d iff icu lt ies, KMS 
has not been ab le to meet UR/LLE 's needs. UR/LLE off ic ia ls sa id 
they have exper i enced d iff icu lty in obta in i ng qua l i ty po l ymer 
targets from KMS, forc ing UR/LLE off ic ia ls to re ly on LLNL to 
prov ide them a l im ited number of po l ymer targets manufactured when 
LLNL has t ime to do th is. 

However, in November 1989, UR/LLE made its own "breakthrought 
in po l ymer she l l  manufactur i ng. Us i ng adapted Japanese techno logy, 
it produced its own p last ic po l ymer she l l s that met its str ingent 
spec if icat ions. UR/LLE off ic ia ls to ld us it requ ired on ly 1 staff 
month of the ir t ime to adapt th is techno logy. KMS had not seemed 
as interested in pursu i ng the adapt i on of the Japanese techno l ogy 
as UR/LLE, but UR/LLE sa id it wi l l offer to transfer the po l ymer 
techno l ogy to KMS. However, UR/LLE sa id it wi l l re ly on LLNL to 
prov ide the f in ished p last ic coat ing for these she l l s. KMS is a lso 
ab l e to do th is, but, accord i ng to UR/LLE off ic ia ls, LLNL ' s 
techn i que is better. 

NAS Views 

In its 1986 report NAS commended UR/LLE for its work. The NAS 
1990 inter im report aga i n pra ised UR/LLE for its f isca l year 
1987-89 accomp l i shments and recommended that UR/LLE proceed with 
upgrad i ng the Omega laser. 
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SRCTION 7 

The U.S. Nava l  Research Laboratory has been part of the ICF 
research program  s ince 1972. NRL has an interagency agreem ent 
with DOE for th is work and concentrates its efforts m a in ly on 
so lut ions to quest ions invo lv ing the use of laser beam s  to d irect ly 
i l l um inate a fus ion fue l target with enough energy for imp l os i on of 
the target. NRL has the sma l l est operat ing budget in the ICF 
program  --$4.5 m i l l i on in f isca l year 1989 and 17 fu l l or part-tim e 
personne l. 

' GOALS/OBJECTIVES 

NRL determ ines, with in the constra ints of program  resources, 
the spec if ic exper im ents, tasks, and subtasks that it m ust com plete 
to eventua l l y accom p l i sh its m ain goa l of reso lv ing bas ic quest ions 
invo lv ing laser-target interact ions occurr ing in ICF exper im ents. 
NRL a lso determ ines the schedu le and length of tim e its tasks wi l l  
take. Th i s  i s d iff icu lt because m any of the goa ls are research 
goa ls wh ich have not been prev ious ly attem pted. NRL g ives DOE an 
annua l work p lan for its act iv it ies. DOE rev iews and approves th is 
p lan and then uses var ious m eans to m onitor NRL 's progress, 
inc lud ing quarter ly ICF program  m anagers m eet ings, progress 
reports, techn ica l rev iews, and peer rev iew. 

Dur ing the per iod of January 1987 through June 1989, NRL had 
an ICF g lass laser exper im ent program  and was trans it ion ing to a 
K rF gas laser pr0gram .l M ost goa ls that NRL set for itse lf dur ing 
th is per iod were m et, a lthough a few were m et later than in it ia l l y 
est im ated because of the d iff icu lty of som e exper im ents and, in 
som e cases, because of insuff ic ient fund ing. 

: G lass Laser Exper im ents 

NRL 's g lass laser program  emphas i zed two top ics: exper im ents 
to measure: (1) the hydrodynam ic instab i l i t ies caused in the 
fus ion target when hit by a laser beam  and (2) the effect that 
improv i ng the qua l ity of the laser beam  has on laser-p lasm a 
instab i l i t ies. M ost of NRL 's exper im ents were com pleted in the 
tim e in it ia l l y est im ated by NRL. However, a few took longer than 
expected because of the d iff icu lty of the exper im ents. 

lSom e of NRL 's $4.5 m i l l i on operat ing budget for FY  1989 is be ing 
used for necessary bu i ld ing m od if icat ion and equ ipm ent invo lved 
with NRL 's trans it ion to a sma l l  K rF program . 
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NRL 's KrF Gas Laser Prosram 

NRL ' s other ma i n endeavor has been the des i gn of its KrF 
laser, to be ca l l ed ' INIKE It and 
LANL ' s Aurora KrF laser pkogram: 

to a lesser extent, the support of 
To support its KrF program, NRL 

des i gned and procured laser components and in it iated construct ion 
of an enc l osure for the new NIKE laser. In add it ion, NRL was 
tasked with the respons ib i l i ty of des ign i ng, bu i l d i ng, and 
insta l l i ng an osc i l l ator at LANL to support the Aurora KrF program. 
NRL was late in comp let i ng th is task because of techn ica l 
d iff icu lt ies and insuff ic ient funds. The Director of LANL ' s ICF 
program to ld us th is d id not cause a prob l em for h is program. 
DOE, in g iv i ng approva l  for NRL ' s KrF program, ordered NRL to work 
c lose ly with LANL, the lead laboratory for gas lasers. 

NRL ' s ICF d irector to ld us the Congress recommended that NRL 
reCf2 i .W $4.5 mi l l i on in f isca l year 1989 for its KrF program, an 
increase of $1 mi l l i on over that requested by DOE. Fund i ng was 
sh ifted from the three DOE laborator ies to accommodate th is 
increase. 

NAS Views 

Accord i ng to NAS, NRL l s stud ies of the phys i cs of d irect 
dr ive, inc lud ing stud ies of target hydrodynam ic instab i l i t ies, and 
its deve l opment of techn i ques for improv i ng laser beam qua l i ty have 
added much va luab l e know ledge to the ICF program. NAS has endorsed 
the deve l opment of a sma l l  KrF laser program at NRL. 
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