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’marketing'A b'r'Ownfieldi.

'CLEANUP TECHNOLOGIES

nterest in brownfield redevelopment has 'sarged over the past decade, due in part to a combi-
nation of federal, state, and local programs aimed at reducing regulatory burdens and miti-
gating liability. Cleanup and redevelopment, however, have focused on brownfields with
contaminants that are more amenable to standard cleanup technologies (dig and haul for cont-
aminated soil, and pump and treat for polluted groundwater), andlor high real estate values.
Yet since these traditional cleanup approaches often can be madequate or expensive, new tech-"'

’ nolog:es——whzch can mitigate the less tractable contaminants, lower costs, or reduce treatment

tzme—are needed to spur interest in redeveloping many of the remaining brownﬁelds

Numerous obstacles exist to the use of innovative technologies. New approaches, by defmztlon, are. )
unproven, are less familiar to regulatory or permitting authorities, and may take longer to receive -
the approvals and permits rieeded to begin cleanup. The e]ffectiveneSS of cleanup technologies,. -
moreover, tends to be quitesite-specif_ic, and new approaches often have not been tested or bench-

-marked in diverse enough conditions to give assurance of their success. Some innovative technolo-

* gies, while effective, also may be more time-consuming than standard methods. Finally, the
liability problems associated with Superfund have made the banking and financing community
cautious of new approaches. Liability concerns have been dampened considerably by federal and
state actions, but financiers, in short, are still conservative, and they avoid new technologtes that
have not been endorsed by profess:onals and/or practitioners.

Several federal programs and some state initiatives test and demonstrate innovative brownfield
technologies, as well as acquaint state officials, vendors, and environmental consultants with -
their cost and performance. Most of these programs are less than five years old, and many are more

recent, Conclusions about their eﬁ‘ectweness would be premature, but the rapid progress within the. “

private sector of a few new technologzes—notably, soil vapot extraction—and burgeoning interest -
"~ in others—like phytoremedtatton—probably owe somethmg to these testing, demonstratwn, and
outreach programs. S -

Despite such clear progress, controversy exists over the appropriateness of Washington taking any -

role in advancing techriologies that confer private gain, other than to advance the basic science
that underlies much technology development Some believe government support for developing
commercial or epen precommercial technologies smacks of corporate welfare, and others argue that
federal technology programs amount to “picking winners” and bias the market in inefficient ways.

However, the rationale for government’s involvement in cleanup technologies is strongly rein-
forced by two factors. First, government itself uses these technologies. The Departments of Energy

* and Defense, in particular, own many contaminated sites that cantiot heused and may pose public
health hazatds if not cleaned. As a significant consumer of cleanup technologies, government prop-
efly should bear some of the cost of developing them, and it would be inefficient not to‘devote some
effort to dzssemmatmg information about the results of its own technology development, demon-
stration, and testing programs. Second, the market is not as effective in signaling the need for and
rewarding innovative activity in environmental: technolog1es as it is in more purely commercial . '
enterprises. These factors shoulid prompt increased government work on site assessment. and '
cleanup technologtes, leadmg to their enhanced use in the private sector. ' :




Interest in brownfield redevelopment has grown
quickly over the past'decade, particularly in the
more densely populated regions of the country—the
Northeast and Midwest: Yet advances are tempeéred
by contarmnahon that may be extensive and’ costly
to mltrgate Tradltlonal approaches to cleariip—
pumpmg and treatment of contammated ground-
water, and mcmeratlon or sohdlflca'non/ stablhza-
tion of contaminated soils-—can be quite expenswe
and time-consuming, can create their own environ-
mental problems, and may still not be sultably effec-
tive.! New technologles offer the promise-of greater -
effectlveness and/or lower cost biit as with'any new
technology, they also may present greater rlsks (See

BARRIERS TO NEW ENVIRONMENTAL
TECHNOLOCIES

In the Umted States, we generally accept that
markets are effechve signal processors: that
demands for goods and services will be transrmtted
to people who can teet those demands, and that the
market eventually will settle « on an optlmal price.
But the market for many envrronmental technolo—
gies is attenuated at best.

Unlike many of the products traded in markets,
envrronmental goods and services traditionally hayve
not been owned or pnced Puttmg economic value. -
on common-property resources like groundwater
has been handled pnmarlly through regulation (e.g.,
standard. settlng, prohibitions, technology specifica-
tion), with some notable exceptions.? Regulation
tends to create markets that look different from
commercial markets in fundamental ways.

Whereas markets created by regulatory targets
often are c1rcumscr1bed by their targets open-ended
markets have no limit to their abrllty to absorb new.
technology SO long as there is some: advantage toit.
For. mstance, ever since computers were introduced
to commerce, the pressure for greater computatlonal
power and speed has been'intense. Genérations of
computer engineers and systems designers have
produced machmes that seemed overdes1gned even

INTRODU CTION

the appenchx for a brief descnphon of 51te cleanup
technologies.) ] New technologies are, by definition,
unproven under field conditions, and new users risk
taking time and spendlng money on a solutlon that
doesn’t work.

Nevertheless, given the substantral lumtatlons
and high costs of conventional treatment technolo-
gies, the. pressure to find cheaper and more effective
technologies for assessmerit and cleanup of brown-
fields will continue to build. Governments at several
levels have tried many . ways to reduce the barriers
to such lnnovahons, and there is much we can learn
from these efforts

for the most extravagant apphcatlons, only to find -
their- desrgns running into limits of capacity and
speed w1thm a few years of introduction. Predic-
tions like Ken Olsen’s, that there was no reason why
anyone would want a computer in the home, or Bill
Gates’ reputed assertion that nobody could use
more than 640K of random access memory, seem
quaint when’ viewed w1th only afew years hind- -
sight.

Markets for envuonmental goods and servxces,
contrast tend to be hrmted by numerical standards,
with httle incentive to exceed the' specrfled perfor-.
mance. Technologies that can exceed the minimum
standard often langulsh In a few cases, the
constramts are even tlghter, while few envrron-
mentak statutes specify the use of a partlcular tech-
nology, many use design’ standards based on best
available technology or best practices. The Clean
Water Act, the Resource Conservatlon and Recovery
Act, and the Clean Air Act all make extensive’ use of
desrgn standards. While. de51gn standards may
encourage mnovanon, constant v1g11ance and mvest—
ment are needed to provide continuing incentives.
In fact, many observets regard design standards as
de facto technology specxﬁcatlons, espec1ally where




the costs are high of proving that altematlve techno-
' .loglcal approaches meet or exceed the standard.?
" New technologies face an uptiill | battle for sur-

= vival inany area, regardless of the degree of market
- development or strength of demand. Yet these

battles seem particularly pronounced in environ-
. mental apphcatlons Obstacles facing innovative -

et

technologies include technical problems, financial "

barriers, liability concerns, and permitting unicer-

T tamtles

- TECHNICAL BARRIERS =~

-~ There is always arisk- that a new technology
.sunply won't work or that the solution of critical -
problems is more pamful than anticipated. Examples
abound of research initiatives aimed at apparently

reachable goals that failed, sometimes after extraor- '

dmary expendrture For mstance, advances in many
‘kinds of battery technology have been more dlfflcult
arid time-consuming than. predrcted energy from"

L nuclear fusion. has been both-expensive and elus1vel

- Incases where technology deVelopment hasnot

g kept pace with. expectations, people tend to become o

skeptical that solutions exist at all. Hence, when'a

*.--new technique does appear, it must hurdle this cym- -

' ¢ism, as well as the inevitable bugs that accompany

- the mtroductlon of néw technology into practice.

o In the cleanup of contaminated soil and ground--
: water, our understandmg of the factors that-~
contribute to a technology s success is limited. We .
- know that subsurface geology, chemlstry, and
- hydrology. have a great deal to do with the effectwe—
 ness of any cleanup technology, but we lack the
specific knowledge of the. mterplay of these factors

in order to predrct accurately the time, cost, or effec-
tiveness of many mitigation technologres 4 Some o

~ problems have been especially troublesome,.
. including the cleanup of certain types of contaml- .

| _ ."nants (eg, non-aqueous phase 11qu1ds, or NAPLs)

© - or any type of contamination in a complex geologlc
matrix.

Developmg and testmg any new technology
- involvesa period of uncertamty and experlmenta-
- tion, and that - period is often lengthy. Technologies

3 ”,.FINANCIAL BARRIEKS

_imust be’ tested under field condmons, by real users, '

.. before they are well understood and rehable For 4
- example, ENIAC, one of the first électronic - '
compuiters, consumed hundreds of kllowatts of elec-'

i tricity and: requ.n‘ed armies of techmcrans to keep

" inconvenience and qulrkmess in exchange for the

' frequently more expenswe than conventional alter- .
' natlves, although successful technologies typically -

- move down the cost curve very rapidly. It is almost
invariably true that new technologres are rough

“soil/ groundwater cleanups in partrcular, however, :

- water treatment are frequently ineffective in | R
- .achmvmg regulatory goals® will continue to dnve el
) mterest in new technology S

“brownfield redevelopment and cleanup have been

- individual inventors with bright ideas to'ma]or
. corporations—the costs of bringing a technology
_ from “aha!” to market are often described asa
”Valley of Death.”” For individual inventors or small
* businesses, advancmg a new technology from -
) concept to proof-of—concept to prototype rhay. easrly

' dollars and'a decade or-more. Busmesses whose
_product line consxsts of new technology often go

. Research Council reports that startup businessesin < . .
. site remedlatlon have done poorly on Wall Street;

running, yet its mean time between fallures (MTBF) Dl

averaged only 10-15 minutés.5 .
In their early stages, new technologles are -

around the edges when first introduced. Thisis .
more of a handlcap to some technologles than to

‘others. In some areas—-advanced computatlonls a .

good example—users often will put up with great

technology s increased power. The. technology

~ becomes attractlve of itself, not merely as.a means to
" anend. : ’

In envrronmental apphcatrons in general and -

there is no special attraction in the technologles L
themselves..Cleariup is simply a means to a different - . ..

" end, often a real-estate development or. transactron ’

B Faﬂure ofa new technology to perform as adver— '

' tised is at best a significant inconvenience, and may o
‘at worst scrub the whole project. On the other hand, - *

the fact that conventional technologies for ground- .~ -

~ In the past few years financial obstacles to -

reduced significantly. This progress, inturn,

. mcreases dermand for new. and better approaches to - L SRl

' _cleanup ‘However, fmancral barriers still present - it T -

significant obstacles to both technology develop- R
~ment and techniology adoption in any field

" For technology developers—who range- frOm 5’ ‘

consume hundreds of thousands to millions of -

many years before turning any profit. The Natlonal




between the Initial Public Offering (IPO, or first -
offenng of stock to the public) and 1996, six of

. ‘eleven remediation startups stock values dropped

| often significantly.®’

New technologies offer advantages in cost, tlme, -

or effectlveness Yet in
* the early stages of -

adoption,i many cost- )

" FIGURE 1.
Percent Costs of Innovatzon,
by Acttvzty

. saving technologies
- are anything but. New |
" technologies typically
- enter the market at -
- prices much higher Tooling,
“than their alternatives, manufacturing
R ’ equipment, and
or at prices that only a facilities

few users can afford.
- The earhest users of

' _new technology—— :
- referred to as

' l)leedging-edge users—
often make their own

- . modifications and

" patches; many of

Manufacturing
start-up
17%

Marketing
start-up

Prototype or
pilot plant
17%

Preparation of product
specifications

~ 'needed to create a functional business. An enterpnse -
or inventor with a portfoho of only one procluct '
faces espec1ally high odds. . . :
j ‘Moreover, the expense and performance of new .
, technologles are not well established, which can
:compound the wari-

ness of financiers.

The problems this

uncertajnty creates
are much more -

daunting for'small
. than large busi-

'nesses, smce small:

firms are more hkely‘

- tohave insufficient
_earnings. from other
“lines of busineéss to

carry them through .

- difficulties. Many -

small companiesare .

formed around one o
or two products,ora_.. .

single technology. In "

which are‘incorpo-
 rated into successive
generations of‘ the ,
- technology. For these
- nsers, and other early '
adopters, lower cost
rarely is seen as an
advantage of a new

17%

. technology, early adophon is more hkely to be based _

on other factors. For other users, however, even .
much-1mproved effechveness may be neutrahzed by
 high initial costs or bugs. - :

X ‘Financial risks pose a s1gmﬁca.nt bamer to the use:
- 'iof innovative technologres in brownfield assessment

: and cleanup. That risk stems partly from the tech-;
' mcal uncertalntles, and partly from hme and
liability. = o - :
Development and launch. of new technologxes are
part ‘'of a resource-intensive process, with half or .

more of the expense occurring after a technology has" -
" been demonstrated to work (Figure 1). Most Inven- S

tors fail to anncrpate this schedule; expenenced
. inventor consultants often preach that “the tech-
) nology is 5 percent of c_ommerclahzahon. Many.

* . inventors and small-business innovators focus ;
exclusively on developing the technology itself, and: . -

- often are unprepared for the time and expense

Source Edwin Mansfleld “Industrial Innovatlon in ]apan and
the Unlted States,” Science, September 30, 1988, p. 1770.

Applied ‘ ‘ SR
Research " additien, bankstend - -
18% to view small com-
panies as hlgher‘
risks, and charge -
 them higher interest

rates? Asa resultof "
these factors, small

. - companies market-

ing new remedxatlon technologles have not per- -

. formed: well, and firms in the remediation techriol- -
- ogy industry are consohdatmg and d1vers1fy1ng.1°_

LIABILITY CONCERNS - .

The amount of time that assessment and cleanup . -

__* ‘take can be the difference between success and
jfaxlure in browrifield development Unless an entlty
. other than the potential developer (e.g. the munic- .
-ipal government ora prev1ous landowner) has
- assessed and/or cleaned lup.a piece of property
-~ those activities can expand the hmeframe of areal-~
+ estate deal in whlch mterest costs on a construction -

loan are a key expense. This time pressure can .
dlscourage use of ihnovative remedlahon technolo-

. gies," but may increase intetest in mnovatlve site

assessment technologles (see Box 1: An Innovatlve

Assessment Tool).12 The sunple reason for tlus




.-dichotomy is,that some‘innova,ti_ve: assessment tech- -
" niologies, such as the geoprobe 3 provide informa- |
© - tion rapidly and oftert more mexpensrvely thando
*traditional methods However the tradltronal -
“ method of cleanup, at least on sites: w1th no grOund- 2

o water contamination- and no deep soil contamina- _'

tion, is d1g-and -haul, and it. usually can be accom- -

o phshed more rapldly than many of the innovative; %
~in situ technologles hke bloremedlatron or phytore-
- mediation. ' : o

CERCLA (Comprehenswe Env1ronmental ‘

L Response, Compensatlon and L1ab111ty Act, or.
N Superfund) establishes the 11ab1hty regime that
- affects brownfield sites as well as Superfund sites. 14 .

« CERCLA liability is strict, joint, several, and- retroac-b .
- tive, meaning that current or past owners, évenif
’they are not responsible | for the contammatlon, may .

“be held responslble for cleanup..So may those who

~“arfange for treatment or disposal of hazardous -

" -substances, or those who transport hazardous
 substarices.’s Superfund cleanups may run to tens of '

'm1lhons of dollars or more. 16 Whlle brownﬁeld

cleanups typlcally cost’ much Iess, the extent of cont- .
' amination is unknown at many sites: ,B_ecause banks =
" also, may be held liable for cleanup costs when they

acquire propernes through default, they often are .
unwilling to provide loans for cleanups or acqu151-

“tion of contaminated sites. Although lenders are not ©
- liable as a result of mere ownershrp resultmg from-
L foreclosure, banks may be held liable if they had a
- ~ rolein managmg a contarmnated site, These
’ factors—the- potentlal liability for cleanups that
“prove to be difficult and complex, together with ..
- strict liability standards—exert a-chilling effect on o

the use of 1 new, unproven technolog1es
A number of uutratlves——mcludmg the use of -

’comfort or no—actlon letters, state memoranda of
.agreement covenants—not—to-sue, and mformahon o

- and outreach programs conducted by EPA and offi-
" _:c1a.ls at other levels of government—have given many‘” c

'_ developers, landowners, lenders, and mvestors L

. concrete tools for managing liability. Without new
- “federal leg1slat10n, however, liability will always be
“an issue, particularly if thereare. significant opportu- -
 nities to revisit a c}eanup that has rece1ved state’ -
‘ approval wh1ch many letters or covenants still

prov1de L1ab1hty also will remain an issue where '

there is residual contamination. 7 A state’s brownfield . -
or voluntary cleanup program can provide relief only L
from actlon under state law and the possibility of B

federal action. cannot be-eliminated..
Efforts to reduce lability concerns have pald off
‘modestly. In some areas, both developers and

lenders are beconung better acquamted with the real . B

risks posed by brownfield redevelopment, mcludmg

_ the fact that there have beenno s1gmficant environ-

= for lab results.?

' 'vmental damage cla1ms brought agamst redevelopers :

BOX 1
Anlnnovaﬁtive,Ass‘essment Tool.

Technologies that speed up assessment and cleanup canbe
enormously helpful to brownfield redevelopment, even:
if they offer no other advantages Rapid assessment tech-
nologies are being developed that greatly srmphfy dec1sron

" making. For exa'mplé, the applicatio_n of a new site applica-,
. tion'tool, Niton, at a metals-contaminated site in Worcester,
* Massachusetts, helped to refine both the technology and

save money and time in treatment. The Niton tool provrded
real-time feedback on the degree of contamination—with a

_turnaround time of 15 minutes rather thanthree days, as is

conventional. The tool itself originally was developed to

- sample paint for lead contamination, and is being adapted

by the manufagturer for use in soil sampling on contami- -
nated sites. The quick turnaround allowed immediate exca-
Vatron of the contaminated soil on the site. However, there

L were a few bugs. Dave Dunham, executive drrector of the

Central Massachusetts Economic Development Authority,
reported that the manufacturer’s recommended methods for

_'sample preparation resulted in higher contaminatjon read-
ings than were actually present. As a result of this trial,

Dunham reports, the manufacturer is altering its recommen- .
dations for sample preparation. Even with “this bug,
however, Dunham was enthusiastic about the new tech-.

-nology, for it allowed immediate decisions in the field and
+ avoided- expenswe equlpment srttmg idle on'the site, waiting

by thlrd partles 18 EPA has been w1ll1ng to sign state e

* memoranda of agreement (SMOASs) statmg that the
federal agericy does not ant1c1pate taking actlon at-.

_sites involved:in state-approved programs in the -

: absence of a serious threat to health or the environ-

" ment.? As of 1996, EPA had signed SMOAs with ~ .~

- . “eleven states, anid since‘ 1991 it has distributed about -
- $25 m1111on to help states develop voluntary cleanup

programs that are the ba31s of the SMOAs EPA' )




: : multlple permlts and approvals 1n

o cleanup, and some states still treat

e mu’st"'weig'h different remedial alter- -~

' Environmental Financial Advisory Board has o

o encouraged EPA to enter into SMOAs with other

. states, to have these memoranda give states the lead S
C t1mes dlfﬁcult to predict, and it can take months or -
B years to obtain all the requisite paperwork before” -
) beglnmng a pro]ect The technology for cleanup -
itself also may require a permit or an approval.

) " rolein addressmg sites not on the Superfund "
" . National Priority List, and to delineate clearly the -

s roles of states and EPA 20 However, there have been
- soime controvetsies. The Envnonmental Counc1l of . o )
F These are granted most often, on a S1te-by—51te ba51s,'
S rather than ona technology basis. Finally, while

| the States (ECOS) regarded EPA’s guldance on'
developlng SMOAs as intrusive, with the potenhal
to underrmne existing effective state s s JL
i ‘mJtratlves, and that organization of .1. o
- state envxronmental officials also .
" “asked EPA to withdraw its guidance . 4
.. and net to link future voluntary '
: -cleanup fundmg to SMOAS no

3 .;PERMITTING -~
" UNCERTAINTIES -

_ Delay can be a significant barrler ’
toithe launch of anew business or

technology Brownfleld redevelopers

often find they. need td obtain " B

. order to move a project forward.
‘Before the development of state
voluntary cleanup or brownﬁeld
. -programs, many states used
+ CERCLA or- RCRA (the Resource
 Conservation and Recovery Act) © .
o .'regulatory procedures in brownﬁeldr .

brownflelds under such enforce— :
ment—drlven programs Thls means,
‘ ‘among other things, an mvestlgatl_on B

" natives, and a redeveloper rmght
- have to obtain several different o
i permits. According to. one investigation, .
“For example, a permit may be required for treat—v '
thent of media (e. g., ground water or soil). .

- contuzmng hazardous wastes or for dlscharges RS

' resultzng from cleanups to surfuce water bodzes ‘
" Permit requirements can at best delay a cleanu,p " :
and at worst prohibit a cleanup. altogether....The *
L ‘[Nutlonal Oil and Hazardous Substance Contm— :

L gency Plan], permitting, and other ooerszght proce-' L
_ ' :dures may be important at large sites with complex o
" contamination or geology, and where potential for - ) - .

- <human exposure is hzgh However, for many, if not v

“No doubt a blan/.:

approval for a

certain technalogy

can be an enormou:
| boost, yet
pres_umptive
remedies or blan
technology
~ approvals also cuii
suppress interest i
, furfher innovation
| or alternative

technolo

- 'most sites, , rigorous regulatory procedures may
needlessly delay cleanup N ‘
" When and whether permits are granted is some-

* federal Superfund sites are not =
* required to obtain a permit: for T
! “activities perforrned entirely on;site,
_thereis no analogue for brown- . -
fields, Wthh are less; contarm— '
“nated.® :
" Whether 51te-spec1f1c approvals .
themSelves are a-hindrance tothe .
. use of mnovatrve technolog1es is
o debatable No doubt a blanket
approval fora certaln technology
can be an enormious boost, yet
: ,presumptlve remedies or. blanket
: technology approvals also can
' . ;suppress interest in further mnova—
.- tion or alternative technologles The'
. CERCLA regulatory process, which-
.. requirés mvestlgauon of alternatlve :
: -..remedles, would seem to foster the
- “consideration of mnoVatlve but =
 little-known. technologies that could
otherw1se be overlooked CERCLA ,
",1tself with its strict: cleanup and:- .
- hablhty standards, probably dmves :
- the development of cleanup tech- .
pe ¢ a nologles for contaminants and 51tes
© thatare difficult to treat with
: convenhonal methods. On the other

: hand unfarmharlty with mnovat1ve technologles on’
__the part’ ‘of people and agenc1es respons1b1e for
o fapprovals is a source of delay and uncertamty
B }Developers wanting speedy approvals may avoid -
) _ the use of mnovatlve technologles 1f a conventlonal
: method though mfenor, is'adequate. - :

Most states have provided for accelerated perrmt—

. ting and approvals through voluntary cleanup or

brownfield programs, often because of the onerous "?

requiremients and delays associated’ w1th enforce- - -
‘ment-driven programs. EPA’s Env1ronmental Fman—

c1al Advlsory Board urges that more states adopt

' tlus accelerated approach recommendmg that




mumapahtres and states expedite paperwork on

. zominig or variances,. building permits, cleanup stan-

dards, and remedy selection for brownfield " -
- projects. u By 1tse1f thlS achon probably wouId do
-~ little to improve the chmate for innovative technolo—

gies in brownfleld_re__m_edratron (though it could add -

_incentives for use of innovative assessment tech-
: nologles) However, expedrted perrmttmg and
approval combined with a program to acquaint”

. potential. users or stakeholders with mnovatlve tech-.

nologies, could provrde a'substantial boost ,
~ Expedited. approvals can help move brownfield
' cleanups, but somenmes at an envrronmental pnce
* Arecent study coriclisded that state voluntary
‘¢leanup/brownfield’ programs often were effective
.- at moving many sites out of legal limbo and into - .

' The US goVe'rnrr‘tent for'several decades has ," R
" taken sOme:_p.a'rt in developing and encoyraging new - ; _
' goods or private has niever been firmly estab'lished

’tech'nol'ogie's‘ The justification for this activity; in a-
soc1ety firmly rooted in free-market economics, is.

partly government’s role in providing pubhc goods, ’

and partly a belief that the market has some short- :
commgs ' - o
The federal govemment always has been

expected to advance technologiés in. areas that were L

unambrguously for public purposes However,
public purpose is an ambiguous concept and the -
~debate over whete to draw the line between pubhc
good and pnvate galn is, putting it mildly, s p1r1ted

~ ‘Many thmgs that.once were regarded as publrc :
~'goods now are- viewed d1fferently Postal and"

* delivery serv1ce has been increasingly prlvatlzed

- with the emergence of the Venture—capltal—backed _ ‘

" Federal Express and other specialized services for
- delivery of mformatlon While cable, telephone, rail-
~ roads, and electrlc utilities were ‘Theavily regulated
. by government ori the basis’ of their natural- -
monopoly charactenstxcs and the redundancy of _
creatmg multiple transmlssrons and delivery infra-
structures, all have been deregulated or are in the

-midst of deregulatron The pubhc s V1ew of the : - :

development, but that cleanup was less assured In:°
. Michigan, accordlng to the ITRC, [the Interstate ,
. - Technology Regulatory Cooperahon working; group : _
_ - of the Western Governors Association), “The cumu-- LA
" lative result of the technical changes made by‘[t’he e . '
' ,Mlchlgan Department of Env1ronmental Quallty]
" under the 1995 amendments is that less cleanup is
© _occurring at each site.”? The Colorado voluntary

" guldance, drscourages risk assessments, and does N
- Rot require- thiat approved land uses on: processed

- future comphance with appr‘oved land use is hot.

-+ -assured. Accordmg to the ITRC report 11rmted

e ’fundmg also means effectrve state review'- ‘and i
‘e support at only the smaller, least complex srtes C RN

COVERNI\/IENT’S ROLE IN
INNOVAT VE TECHNOLOGIES

o pubhc : _sectOrw’_ s proper rolef has bnarr0wed.' '-

. air, water, and. subsurface of: property all'these -

. and the respons1b111ty for maintaining their quahty "'
" has fallen to governments Statutes that protect air; -
- 'water, soil, and groundwater quality have defmed

' certain limitations to. the rights of pnvate ownerslup, i

. brhty for. advancmg technologles The rationale: for
; government sroleii in promotmg innovative tech- :

- nologies is an economic one, resting on market
*failure. Accordmg to this w1despread ‘View, the bene- - .
- fits of scientific inquiry and (to a lesser extent) tech-. B

s nolog1cal advance dre distributed widely in society.

- nological umovatron almost mvarlably build on - - '
" research done out31de any’ ‘individual pro]ect scren—
*tists and innovators cahnot: capture the full value of
' ‘ _the1r work to soc1ety Therefore, it is in the pubhc

- interest to-promote’ scientific and technological

cleanup program ‘provides no written technical -

sites be included as adeed restr1ct10n—meanmg that

. Whether environmental amenities are public. -~

While private partles can clalm some rlghts to the

amenities retain some common—property attributes,

and established remed1a1 processes. :
The public sector. has taken‘on some respon81-

However, because scientific understandmg and tech-

advances in order to make up for the mablhty of h




private markets to prov1de mcentlves that match the
value of innovation. This. posmon is stralghtforward,
but like the pubhc-purpose argument, much more..
dlfflcult in practice than in theory

At any moment in the development of a new
technology, there are usually several chomes of
future path, and there is rarely enough money | to
pursue all prormsmg leads. Govemment has the
capacity to be such a substantial .
benefactor, performer, or customer
for R&D that its preferences may
bias the development of a tech-
nology, sometimes in non—.optlmal
ways foreventual civilian applica-
tions. For example, military interest
in development of numerically-
controlled (NC) or computer-numer-
ically-controlled (CNC) machine
tools is blamed frequently for.
puttmg the:U.S. machine tool
mdustry ina questlonable competl-
tive pos1t10n To some analysts, the
machine tool industry’s eatly focus
on producing gold-plated military
systems is a principal reason for the
decline. of the U.S. mdustry z To
others, the mdustry s conservatlve
management and a lag in adoptlon
of microprocessor-based controllers:
—attributable to management not to
military demands—ls more plau—
sible. Nevertheless, government s.
involvement in . what ended up as an
unfortunate. eplsode for an Amencan
mdustry continues to 1mp11cate
federal involyement as a nsky way .
to advance new technolog1es that
have commercial appllcatlons

" Itis also true that govemment has done a great
deal to advance many technologies in ways that
have proved quite beneficial for the U.S. economy as
a whole, and certain sectors in partlcular There is- -
llttle doubt, for example, that the, National Adv1sory
Commlttee for Aeronauhcs (NACA) in the eatly part
of the twentieth century laida cntlcal foundation for
Amerlcan compehtu?eness in a1rcraft manufacturmg
and serv1ces NACA’s successor, NASA, contmues to
advance aeronatitics technologles for both m111tary
and c1v111an appllcatlons, for example, in testing new
alrframe de51gns in wind tunnels and through

At any mom:
in the development
of a new technol
there are usuall
several choices
future path, an:
« there is rarely

enough money 1

pursue all

promising leads

advanced numencal sunulatlon, cockplt and human
factors design, management of hehcopter loads, and
subsomc and supersomc laminar flow: Sumlarly, the
advances made in both development and diffusion”
of agricultural technologles by the U.S. Department
of Agriculture and the Agrlcultural Extension
Service have been instrumerital in makmg Us. agrl—
culture one of the most productlve systems in the: .
world Department of Defense
mvolvement in'the development of -
electromc computahon and micro-
electromcs launched both the ..
computer and sermconductor
industries in the United States.

Combined with the concern over
biasing technelogy developmerit
away from privateé-sector-needs is
the locking in of certain technole-
gies. In certain types of markets,
there is a tendency to commit toa
standard or common technology,
not necessarily because of techmcal
superiority, as neoclassical
economics would- predict. The most
often-crted example is the QWERTY
keyboard Early in the development
of the typewriter, there ‘were many .
competmg keyboard layouts The”
tendency of manual typewrlter keys
to jam or stick when operated very
raprdly led to.a preference for a
keyboard that slowed the best
typists down——and that, in tum,
meant a keyboard that obllged
typists to use theirleast dexterous
fingers (the ring and pinky fingers)
relat1Vely heavily. The - greater oper-
ability-of typewnters with the |
QWERTY keyboard created a preference, wh1ch in .
turn meant that more typists studied and learned to
operate ‘that keyboard layout, and thus preferred
machmes with keyboards they had' mastered, The -
rest is cllche Today, most typists in the United States
probably use computer keyboards or electronic type-
writérs where keyj jamming is not even p0551ble, yet
the nearly uruversal prevalence of an outdated
keyboard de51gn persists. .

The fact that the QWERTY keyboard proved
durable long after the source of its advantage dlsap-
peared is enough to make us catitious about inter-




ventions that could create similar technology lock— L

in. Technology lock-in can. happen in the purely -

pnvate market, with no government mvolvement—~ '

the QWERTY example is a case in point—buit the ‘

_publie pohcy issue is sharper if government’s inter-

*.vention helps to lock in sub-optrmal technologles
" While most of the concern about locking in _
commercially suboptimal technologies has to do

-with defense support, technologv lock-in can create. -
the petential for one firm to dominate an industry.? -
While the market alone can create monopoly power o

'and technologlcal bras or lock-in, the idea that
’ 'government intervention may hdve these effects

troubles many U.S. policymakers. While these possi-

bilities probably do not outweigh the advantages of

government support for most decision makers, they -
do have unphcatrons for the deslgn of government .

' _technology programs To be consideéred effecuve,

" such initiatives must provide sufﬁcrent mcentlves to * -
e 'gles, support a more active. government role in

encourage technologles that would not be devel-
.oped without public part1c1pat10n, but they must

avoid creatmg blases or standards (except where _- Yo

ENCOURACING INNOVAT \/E

‘ that is the intention).?

- Programs designed.- carefully to avord these
pltfalls can be effective in encouragmg the develop-

" ment and use. of innovative technologles Increas-

mgly, env1ronmental regulation has adopted tech-

‘nology development and diffusion as-an exp11c1t

program elément, espec1a11y in cases, like brown-
fields, where standard practice is often ineffective.
Government s involvement in developing and

A- b testlng new technologles for- cleanup and site assess-
B ment-_~—and in fact, for a broader range of environ-
. mental technologies—is something of a special case.
- Government 1tse1f owns many. contammated sites,
. mcludmg both brownﬁelds and Superfund s1tes ’
“These propetties need to be cleaned up, often -
‘because of public health problems, and sometlmes in

preparation for prlvahzatlon, ain the case of
defense base closures ‘These facts, togethér with the
market’ s attenuatlon for env1ronmental technolo—

developmg and dlffusmg new technologles than is
the case in many other sectors e

" TECHNOLOGIES IN BROWNFIELD "
- ASSESSMENT AND CLEANUP

Innovatlve technologles can be encouraged in
*several ways, such as stimulating researchand’
g development providing incentives for deployment
. reducing barriers to adoptlon, and offermg mforma-
_ tion on effectiveness. The Environmental Protectlon
Agency (EPA) Department of Energy (DOE), and’
‘other agencies interested in cleanup of contammated
sites have several such programs. Most of these .

efforts are devoted to Superfund sites that are more S

"contarmnated (often, far more contammated) than

' fbrownﬁelds, and many pose problems; (like radloac- B

" tive waste) that are rare in brownfields. Moreover,

. the more acute public health threats posed by Super— L

fund sites make them more effective technology

drivers than the lesser risks and problems posed by o

: _brownﬁelds Still, the followmg governinent
- programs are relevant for. both Superfund and
: 'brownfleld srtes :

A' ‘.‘.RESEARCH AND DEVELOPMENT

EPA and DOE support research and development'

‘ of alternat1ve technolog1es for treatment of contarm-
" nated sites. While the focus on Superfund sites -
R sometrmes has not carried over to brownfields, tlus

is probably not a handrcap in technology develop-

ment. -

.. EPA’s Offlce of Research and Development (ORD)
" conducts research on site cleanup. In 1998, for
example, the Land Remedlahon and Pollutlon .

. Control Division of the National Risk Management
iy Research Lab examined bloﬁltratlon in order to .
- rémove volatile organic compounds (VOCs) from .
 contaminated soils, bioventing, oil spill biodegrada-

tion, soil washing/biotreatment; acid mine  drainage
treatment with sulfate reducing bacteria, bioslurry
reactors, compo_stm_g, biopiles, and phytoremedia- .

 tion.® These programs include applied research, and




" ment options for brownﬁelds These

. definé the strengths and limitations

. engmeermg on assessment and
" DOFE’s Offlce of EnV1ronmental o

' L 'cleanup of DOE’s. conitaminated sites
. and R&D on cleanup and assessment '

. went towards R&D for defense env1- o

bench-and field- testlng, often at goverhment-owned -

- "s1tes Results of field testing are made available in a
. standardized fotmat® through the Federal Remedia- -
S tron Technologres Roundtable.®? Much of EPA’s work

" on remedlatron is'done under. the auspices of the

o Superfund Innovatlve Technology Evaluahon (SITE)

program, funded at'$6 million in fiscal 1998, The
- summaries of federal tests of dlfferent assessment -

- and cleanup technologres have. y1e1ded no smgle ‘

. ° finding or result, but théy can - K
prov_lde a great deal of guidance to
- anyene wishing to evaluate treat- '

" tests and demonstrations help to.

" of drfferent techmques, and they

- provide insight into-the effects of :
site-specific conditions, a few-of o '
‘which are reflected in Figure 1.

The Department of Energy also A -
conducts research development and -

» {remedlatlon of contaminated 51tes
' _Management (EM) funds both
- technologies. In'1998, EM’s budget
+ for sciencer and“_technology totaled -
nearly $275 million, most of which

ronmental remedlatron and waste management

‘. Whilé some of the defense work—e.g., on radioac-

- tive waste cleanup———ls probably not pertinent to
- brownfrelds, some is: For example, a cleanup

sl process known as In-Situ Redox Manipulation »

_(ISRM), developed at DOE's Pacific Northwest
" National Laboratories lechland Washmgton, is

effectlve m removmg certaintypes of metal contarru-e o
‘ nants in groundwater, and several state agencres are o
. under the auspices of the Strategic Envuonmental :

' -Research and Development Program (SERDP), - »

“which the agency plans and executes together w1th -
..’ DOE and EPA. SERDP areas include cleanup,
i .comphance, conservanon, and pollutlon preventron..

. The budget for cleanup, which is the part of SERDP

. most. apphcable td brownfield technology develop-

: mterested in possible apphcatrons 3

 ‘Evena cursory survey of DOE’s current research o
o 'reveals millions of dollars’ worth of studies aimed.at- -

developing, vahdatmg, or testing remedlatlon and -

o assessment technologles Although these technolo- o

. giesare developed for and/or tested on DOE’s own
~* contaminated 51tes, many have much broader o
,apphcablhty R
Itis difficult to pinpoint how much the federal

B govemment spends to advance technologles for sorl g

“and groundwater cleanup. Research and develop-
) gment projects:are performed in several labs and .

= i cleaniup technology R&D Even very strict

worth of research and development

'c1ally those w1th contaminated facilities of their -

s¢ fesfsana

demonstrations h

to define the

strengths and

limitations of
fferent techniqw
and they provide
insr'ght into the

effects of site-

.
corpetfia mn

~ able for transfer to other federal uses or pnvate
. economic- development 3The real possrblhty of
: commercral use of some. contammated sites -
o mcreased the urgency for DOD to assure effective
o .‘cleanups of these 51tes, and the department s exten— :

offices throughout DOE and EPA, the major players

accounting: would probably still include tens, R . -
possrbly into-the hundreds, of millions"of dollars L B

. Other federal agencies have roles as well espe- _ )

. own A 1995 report of the Federal
,Facﬂrhes Policy Group estimated .
' cleanup costs for federal contami-. .
. ‘nated facilities, mcludmg those- of
‘the Departments of Energy, L
v Defénse, Intenor, and’ Agrrculture, o
- “as well as the National Aeronautics.
' “and Space Administration. Of these . *.
. agencies, DOE’s costs were by far
the highest, accountmg for 8590 - -
E percent of the estimated total. The -
- Department of Defense’s (DOD)
estimated cleanup costs were $26
’ 'brllron, the second hlghest total of
" the five agenc1es (a morerecent .
_report* estimates DOD cleanup ‘
costs at $30 billion). Yet. DOD’s ‘
* éfforts may be more important than =~
the extent of contammahon and - :
N cleanup costs mdrcate With the end
- of the’ Cold War, DOD closed i
many bases which become avall- :

sive techmcal and sc1ent1f1c infrastructure made ita-

_logical chorce for developmg and testmg cleanup

technologles : .
Much of DOD’s envrronmental R&D is conducted

ment, was $14 6 million in 1995.and $17.4 iniflion in

,"1996 The program'’s mission is to develop innova- * - -
 tive srte characterrzatron techniquies; improve mord: . = c




toring, capabilities, and develop ¢ost-effective reme- =

; -~ diation technologles for s0il and groundwater .0 -
- © Much of SERDP’s focus is on problems specific to .
. DOD sites, mcludmg unexploded ordinance (wh1ch

is. generally not a contaminant in pnvate-sector

e brownfields). But SERDP prov1des public access to .

research results on site assessment, cleanup, and

. momtorrng, and some of this 1nformat10n can be

‘useful ini brOwnﬁeld cleanup and redevelopment

TESTING AND VEKIFICATION

Federal technology development programs are
- criticized routlnely for stoppmg so far short of e
: commerc1ahzatron that the costs for the pr1vate .

ey _' sector to bridge the- gap between research and

" deployment are proh1b1t1ve In contrast, federal
. programs for soil and groundwater cleanup have

:performed well; cleanup téchnologies. developed in: .’ '
or for the federal government often are tested inthe . .-
fleld and the results of these trials are avarlable on . .
~.paper and the World Wide Web. A 1995 EPA- pubhca- o

tion?’ summarizing the results of 38 field-scale tests .
- of remedial technologies covered bioremediation,

soil vapor extraction (SVE), thermal desorptlon, soﬂ =

washmg, in situ vitrification, and several ground-
. water treatment technologles The report includes -
not_ only the technical results (type and source of .
. ,cont'amination,'medra treated, degree of remedia- '
. tion), but also costs and duration of tieatment -

prqects—valuable information that often is lackmg -

.. or unavailable from technology valldatrons One
- caution is. that most of the tests were run on Super-: "’

S fund sites o underground storage tanks, which may e

: provrde limited guidance on treatment costs and
5 times for less-contammated brownﬁelds

DOE provrdes for testmg and evaluatlon of i mno- :
’ vat1ve assessmerit and cleanup technologres through

s Innovatlve Treatment Remediation Demonstra-~ "
~ tion Program (ITRD), in cooperation wrth the Tech— -

nology Innovation Office of EPA’s Office of Sohd

- ,Waste and Emergency Response FTRD aims .
°. squarely:at reducmg industry’s fear of new-tech-"
-, mnology failure and at. speeding acceptance of new .

" remediation approaches. The program is coordi- - -
" “nated by Sandia National Laboratories, which puts

Ly together adv1sory groups. of federal and state regula-

“tors, technology experts, ‘and users in order to eval— '

s uate technologles for whrch cost and performance

o information are corisidered weak Treatmentv s_tud_res

... are conducted on small, one- to two-acre srtes e
' Examples of such technologres include bloremedra- o ‘
“tion, soil washing and ﬂushmg, solvent and surfac-,
- tant extraction, and in situ passive treatment: After
iR vcareful review and evaluatron, treatment studles and
) _engmeenng evaluatlons are conducted In early
'+ 1997, projects were underway at four DOE sites. %

'SERDP provides test sites for technology demon-

,Astratrons and evaluations. SERDP’s National Envi- ~ . 7%
% ...ronmental Technology Test Sites’ (NE'ITS) program
* allows both public and prlvate-sector technology
N ‘developers to use any of five locations to test and -
- evaluate innovative technologles for site characten- o
: zatron, cleanup, and momtormg The ﬁveNE'ITS ‘ R
. sites are McClellan Arr “Force Base in Sacramento, the T
Naval Constructron Battahon CenterinPort =~
" Huenerne, Cahforma EPA’s National Exposure . - '
" ‘Research Laboratory in Las Vegas, the National -
~Center for Bloremedranon R&D in MIchlgan, and

Dover Air, Forcé Base in Delaware In fiscal year

1997, five. demonstratlons were completed and six . -
* were ongoing at the McClellan AFB,and the” @
: Mrclugan NETTS reported that it had provrded

opporturutres to test advanced technologres in “site
" characterization, decontarmnatron of hazardous

" wastes, remediation of Splll and dlsposal sites, and _
;the intrinsic b1oremed1at10n of fuel and chlorinated . -

mixtures in both aquxfer materials and. ground-
water.”® Noting that the National Research Counc1l

B identified mconswtent test mformatron as one hand- .
- 1cap facing potent1a1 users of mnovatrve technolo-

gies, the NETTS facrl1t1es all report that they help- -

o pravide publrc and: prlvate clients with reportlng
_protocols so ‘that technolog1es can be compared ona .
" _consistent basis. :

* Another DOD program is the Envuonmental

: Secunty Technology Certrﬁcatron Program (ESTCP) -
' ‘ESTCP’s goal isto vahdate and demonstrate . R
promising technologies that target DOD's most diffi= .« % 7
- cult envrronmental problems, including site cleanup -
- - ESTCPis ‘coordinated with SERDP, and program™ , - .
documents describe ESTCP. projects as provrdmg L
: .demonstratron and validation capacity for technolo-
 gies developed in SERDP** ESTCP has sponsored
" several démonstrations of innovative assessment -
‘and cleanup technologies, mamly. at rmht_ary sites,
" and it provides overviews of certain techniques that
- have beeri used enough to assess their effectrveness

under a vanety of srte condltrons a-



~ REDUCING BARRIERS TO ADOPTION
INFORMATION ‘

< In contrast to the s1tuat10n less than a decade ago, -

" several sources of information exist on the perfor-
mance and characteristics of new technolog1es for

- site assessment and cleanup SITE and SERDP both =

- make test and demonstratlon results available. In

, ~ addition, EPA supports several efforts to’ prov1de .
..., information to potential v vendors and users of innov- -

 ative technologles :

EPA’s Office of Research and DeveIopment (ORD) - ’

mamtams the Alternative Treatment Techinology.
" Information Center (ATTIC), a database that -
_ coritains information on blologlcal chermcal
. thermal, physical treatment, and '

- Vcontammg a variety of mformatlon, from presenta-
tions to technical papers to fact sheets and c1t11ens

o .guides. Anyone w1shmg to gamanvauamtance | S
wrth the basics of alternatlve technologles ‘wouldbe "

ell advised to spend some time searchmg ATTIC
The Innovatlve Treatment Technologles (ITT) ..

- database, maintained by OSWER'’s Technology Inno-

vation Office, prov1des comparable data on -

hundreds of sites. The data are from Superfund and - |
- RCRA 51tes, as well as DOE and DOD sites not

_ covered by. CERCLA or RCRA. The database does |
" notallow a user to sort for brownflelds spec1f1cally,
but it does afford ina consistent format information

on site, locatlon, med1a, contammants, and contacts. - »
It does not furnlsh cost mformatlon Both ATTIC and’. -

-~ ITT are available at no charge from EPA or through L ,
" tion of new envrronmental technologres 4 Partlc1- S

‘ pants include the Departments of Commerce,’

' “Defense, and- Energy, the EPA, the Sotithern States
o Energy Board, and the Western Governors Associa-
. tion. RCI has sponsored demonstration projects that .- -

g identify bartiers to the use of new technologies and:

- -encourage removal of those barriers. Thus far, the
. ,'i',program has sponsored ten. pI'O]eCtS, each on. a

e EPA  website.
[ ' For those who prefer paper, or who are just v
: begmmng to consider technology optlons, EPA also

has pubhshed the Road Map to Understandmg Innooa— .

tive Technology Optwns for Brownﬁelds Investlgatzon
‘and Cleanup and the Tool Kit of Information Resources

L for Brownfields Investlgatzon and Clegnup® Both.are

useful, and should probably be updated perlodl—

cally The Road Map also provides contacts for those

wantmg more mformatxon
 The Federal Remed1atlon Technologres Round-
- table supports an extensive database describing -
treatment technologles, test results, costs, and site-
. specific information arising from tests. The Remedi-.
’ ation Technologles Screemng Maitrix and Reference
" Guideis a robust, large, searchable database that.

. frequency of occurrence types of sztes, the guzde C
* * enables the reader to: - SRR

' “technologies.” The database is organized such tha_t a: -

- user can look at different techniologies in orderto - -
“discover how they performed at cleaning up various . > .

: klnds of sites or different.contarhinants. T
o Accordmg to the report s overv1ew,

“The umque approach used to prepare this guzde
*was to review and compile the collective eﬂorts of
- .several U.S. Government agencies into one .-

compendtum document For. each of several high-

- Screen for posszble treatment technologzes

“ - Dzstmguzsh between emergmg and mature
‘ technologzes ' :

sohdlflcatlon/ stabrhzatlon ATTIC is a r1ch database, e Assi gna relatwe pr obabzlzty Of success based on -

" ‘available performance data ﬁeld use, and engz—.
neering. ]udgment "

One advantage of the FRTR gmde is that muich of

- the data is presented in ways that permit compar-- |
o ‘isons among different approaches For exarnple, o
“most of the technology discussions contain cost data,' '

and most of the cost data is offered on a per-unit -

- basis. Gathering and presenting large amounts of

information in con51stent forms requires. constant

; vrgllance, and the FRTR database (and the’ agencres

' contrlbutmg to it) could use more work on data
- consxstency Nonetheless, the database is a 51gn1f1- »
" .cant step forward in the effort to provide users with- -
~ aguide to selecting innovative technologles

" The Rapid Commeraahzatron Initiative (RCl) sa

' '.federal /state/private effort to” expedrte the apphca—

different technology, and its managers hope to ‘
obtain multi-state ver1f1catrons for each project.®® Yet

. iti is not clear that RCI has achleved 51gmf1cantly
- - more rapid penetratlon of new technologles :

- Ariother project supported by EPA is the Ground- c
Water Remediation Technologies Analysxs Center.

L (GWRTAC), which describes itself as a natronal envi-
* ronmental technology transfer center. GWRTAC, -

- represents itself as “a yellow pages of remedlatlon : :‘: v '“mamtams an extensrve database of technologles for i o




_groundVvate'r cleanup for the use of technology users.
T.or vendors, tesearchers, envrronmental consultants - .

L and contractors, mvestors, c1t12en groups, and - ‘
© . government agencies. It offers four sets of docu-

ments: (1) peer-rev1ewed technology evaluatlons, @ -

" information réports on technology use, regulatory
~ . igsues, and policies, (3) technology overviews, and
_{4) status reports on emetging technologles 46
. Afew years ago, practrtroners in ‘
'~ site remediation worried that too - -
little i mformatlon was avallable on
' mnoyatwe or emergmg technologles'.
M Now, largely due to EPA’s efforts, a
- great deal is available. Though it is
~"not possible to go to.one source in -
* order to make quick comparisons of
, the costs, nme, medla, ontarmnants,
“and regulatory status of all technolo—‘ ’
* gies, this is fairly typlcal of any area -
-of technology In brownﬁeld remech-
ation, one of the main problems is
“simply time, Especrally if a site is
- involved in an ongoing real estate
- -‘transactlon there simply may notbe- -
© time to evaluate all possible techno-
" logical approaches, or there is little
" incentive to explore i innovative tech- .
: nologies due to: time coristraints. The_ -
-databases and,mformatlon sources;
" therefore, may be more useful for
e admlmstrators, regulators, tech-
' nology developers consultants, and
~ remediation contractors wishing to -
" keep abreast of new. developments
_ .rather than srte developers or ,
‘owners seeklng the speed1est route '
. ~to redevelopment '

. PERMITTING -

-~ Many brownﬁeld cleanups requ1re multlple
permits, each of which takes time. The unpre-
"dictability and potential for long delays in the

' permlttmg processes are compounded fornew tech-

~ nologies, with which regulators'and over51ght
. bodies are often unfamiliar. The poss1b111ty of
e stretchmg out an already lengthy, process may be
. enough to dlscourage early users of an mnovatlve
" technology SR

'-accommodate in environmental polrc1es While tech- -

’ ob]ectlve of envirorimental regulat;on, their impor-

B pollutlon preventlon

liave moped auﬂ
from Superfund’s
standard of
cleanup-to-
background-levcls
for sites intender!
jor industrial us:
many do speci’;

groundwater ¢

soil contaminatio

levels based o1
the property’s

intended use.”

‘ 'used formally, permrtlmg authorities and regulators
' often use as yardsticks. their estimation of the.
o bmmgatron achievable with. dlg-and-haul or pump-
’ ‘and-treat-*technologrcal default ophons in brown-v .

R “REDUCING BARRIERS, TO ADOFTION:;.

e technology‘m :

: V.Superfund through state voluntary cleanup -

K “programs has helped move many brownfields,into - ;

K _'.'development States, however, need to realize that -~ -
: streamhmng often is-done by creating de facto ‘

mae

Technologlcal change has proven to be difficult to. -

nology development and diffusion are rarely the -

tance has grown together with an understandmg v
that they often are the only or least costly means to -
achieve the goals of envrronmental restoratron or

"The most effectrve envrron- _
. mental-pollcy tools to encourage
- development of new, less-polluhng N
technologies have been those that~
focus on single sources of polluhon
with uncompromising requirements
to comply. with a fixed standard—
-so-called command-and-control .
_solutions.#” Some of these include
" harm-based stindards (e.g., Super-
~fund cleanup standards), design- " "~
“standards based on whata model .- %
~technology might achieve, tech=
~ nology specifications, and Outright :
: .product bans or cancellatlons
' : These kinds of tools often’ are . ‘
“used elther 1mpllc1tly or de factoin .
- brownfield cleanups. While many - -
states have moved away from
"Superfund's standard of cleanup—to— :
- background -levels for sites - RO
intended for industrial use, many' Lo
do speclfy groundwater or soil
- contamination levels based onthe .~ - o
. property 's inténded use; In effect, IR
this means that many states have :
adopted harm-based standards for _
' brownﬁeld cleanups Wlule tech—
‘ nology specrﬁcatrons rarely are -

field cleanups. Technology spec1f1cat10ns usually N
have trouble adapting to new mformatxon and

. The effort to abndge the regulatory burden of

presumptive ‘remedies, which often turn into the




) regulators and permitting authorrtles :

:with new techniologies can encourage

- adoptlon of available new technolo- -

. gies ‘without impairing the mcentrves _

o - for future innovation. Several of the

" technology demonstratlon/ valida-

~ tion programs. descrlbed above aim

" to reach permitting authorities and.-

state and federal regulators, precisely .

. to encourage their acceptance of new,
promising technologres

"~ encourage i innovation in brownfleld
" cleanup is to abandon CERCLA
. perrmttmg and oversight procedures v
fot brownfields. According to the .
~: Colorado Center for Environmental . °

- Managenient, which evaluated state
. cleanup programs, - U

g agencies cannot provide the detalled e

next generatlon of staridard approaches. Specrfyrng ’

2 ,presumptwe remedies may be qulte good at expe-. o
- diting the j ]ourney ofa prormsmg technology from .
‘demonstratron to common practice. If, however, the "
- objective is to promote the continual advance of -
" technology—to create incentives for ongomg work:
:on new technologres even while- the newest genera- "’
- tion of improved techniques are bemg adopted— o
- then presumptive or streamlined -
‘approaches should be used with
© . great cautron, or in combmatlon with
- fricentives for mnovatron ’

Programs aimed. at acquamtlng

Some argue that another option to .

. “The enormous amount of overszght )
. required under traditional enforce—
 ‘ment-driven cleanup programs may. . '
1tself create delays. Overworked state: .

' voverszght for numerous-sites in a timely mdnner o
 The NCP [National Contmgency Plan], permit-

: ‘tmg, and other oversight procedutes may be impor-

' geology, and where potentzal for. human gxposure is v‘

high. However, for many, if not most sites, rzgorous .

regulatory procedures may needlessly delay
+ cleanup.”® o

- Increasmgly, states have adopted rlsk-based stan- f .
-dards for brownfield cleanups, Wthh are helpfulin

encouraglng experimentation: with new approaches,
especrally when accompanied by streamlmed '
permlttmg and approvals

TS e
acquainting
regulators and
permitting

authorities wi:

new technologir--«

can encourage
adoption of
available nev
technologt'es
«without impairii:

the incentives foi

* REDUCING BARRIERS TO ADOPTION
‘ FINANCING AND LIABILITY '

Only a few years ago,- fmancrng for brownfleld

' cleanup, or any real estate transaction mvolvmg
L property with known contamination, was nearly .
- umavailable. Stung by court decisions that held
-+ lenders liable for cleanup ‘of contamlnated proper‘- ST
‘ .t1es acqulred through default léndets grew wary of S

.. financing transactions mvolvmg
. .sites with potentral contamijnation. -
. Helpmg to curtail lender fears of

‘ governments, and a variety of mstr-

. tutions, mcludmg the Office of

* Thrift SuperVrsron, the Federal”

" National 'Mortgage Association, - N

, Freddre Mac (the company )
' vformerly known as the Federal

: »Corporatwn, and the Amerrcan "
‘._,‘_'Socrety for Testmg and Matenals o
-~ While nontrlvral I'lSkS remam m :
s envrronmental fmance, most .~ -
R lenders have access to or have Co
" ‘developed gwdehnes for frnancmg
_transactlons mvolvmg contami- .

flows for cleanup’ and redevelop-

ment have been liberated. -

A Desplte the i increase in brown--
field financing, lenders generally ,

-+ devote little to no time evaluating'

- technologlcal optlons Fmancrers

' rely on in-house experts and env1-

. _ronmental consultants, generally. -

. not those reétained by the prospec- )

© tive buyer or seller of the property atissue, inorder -

to assess the type and degreé of contamination, . °

. o - dev1se a cleanup plan, and estimate the cost of
tantat large sites with complex contamination or " dleanup and momtormg Their 6 nly concern w1th
- technology, in general; is that it be accepted or.

o approved by state regulatory authorities. But state,
. regulators approve cleanup plans, not’ technologles ¥
: Innovative technologles, by’ defmmon, arenew,and =
lack’ an extensrve record of use and evaluatlon, the _ ’
',‘documentatlon that does exist may not include sites - :- .
) with hydrology, geology, or contammatlon that are
; ‘.comparable to current problems e

" liability- were efforts by EPA, state = - L

e Home Loan Mortgage Corpora- S =
! —thn) the Federal Deposrt Insurance e

- nated properties; as a result, capital . -




EPA, DOE, and DOD all have information -
B Adoption: Information) de51gned to help acquaint
. tants with new. technolog1es These | programs,

lender habrlrty are probably the most effective way
" to encourage the use of mnovatrve technologles

- new technologies are'being developed, or limit-

' & Health Administration and proposed in EPA’s
Comimon Sense Initiative anid RCRA rules. The
debate over the effectrveness of such approaches. .

- field technologles has to do w1th techmques for-
- assessment cleanup, and momtormg But there 1s
"~ also substantlal scope for pohcy innovation i in

- ' moving, ﬁeld recently Five years ago, most brown- -
. fields were- sub]ect to CERCLA cleanup standards,

information existed on. treatment technologres was

. involving brownfields. States have moved rapldly
- -toward requiring risk-based cleanup standards -

“standard. Still, the brownﬁelds that have benefited

“ most from these policy innovations are sites where
" the property’s market’ value outwelghs its. cleanup
cost. For brownfields i in rural or more bhghted '

outreach programs (see above, Reducmg Barriers- fo " impactson innovation. Some analysts worry that
: ‘state regulators, vendors, and environmental consul- L ST
.. identified, the system ¢ould default to thé conven- . i
together with state and. federal efforts to reduce | T
thata well-designed fail-soft approach could

' . Another approach to encouraging inniovation is ~ -
to soften the risk of failure: So-called soft landmgs or .-
. farl-soft options permit limited noncomphance while -

~world effectlveness has been done Moreover, some i

~ terms of reduced penaltres for near misses; laws- ‘
L penaltres for near misses.™ This flexible approach to-  usually do not provrde for'shades of comphance, so

regulatlon has been tried at the Occupatlonal Safety :

E cient scope for tinkering with stanidards themselves.

" NONTRADITIONAL APPROACHES e
- TO INNOVATIVE TECHNOLOGIES - |
- AND BROWNFIELDS - U

o are not extremely strong, cleanup coststemaina
. 'problem Increasmgly, the trend is to postpone R

o "actron, sometimes mdeﬁmtely, on sites that are not -
I vconsrdered prime real estate, and for which under- -

-funded state programs Tack cleanup resources:

Most of what is sard and wntten about brown- T

o ‘brownﬁeld reuse and much has already been done. . s
. Brownfield regulanon and cleanup has been a fast- . - o '

B "mterrm uses of brownflelds One such approach is’

. described in Box 2, Phytoremedlatron and'the

' 'Process of Innovatron Another idea is to use stabl- -

-~ lized, brownﬁelds——srtes that arenot expected to

there was little financing available for contaminated- -
,-property transactions or redevelopment and what -

o -drmkmg water contammatron, or s1tes that have )
~ been capped to limit exposure to soil contamina-"-
: :t10n—'—to provide cléan power. Less contarmnated -
‘brownflelds sites could be used as small power
- generating facilities, employmg advanced rmcrotur— :
) g bines or relocatable photovoltalc (solar energy)
-mstallatrons 52 Many brownfields are abandoned

- - difficult toaccess and allowed few comparrsons of o

i _technologres effectrveness and costs. Things have =
- - changed. EPA and the states have provided enough .

.-7.-* * mitigation of lenider liability that there is now more. .

. w ' R caprtal available to finance real-estate transactlons o

- rather than CERCLA’s cleanup- to~b'ac'kground—levels. &

 turing proceedmg at both the. state and national, '
‘level, it is becommg lncreasmgly common fer non- . BRI

urban areas, or r any pro;ect for whrch the economrcs S tricity to the grid at prevarhng rates. This optionis - .-

15 =

centers on both environmental compliance and the. .

soft lanchngs might encourage abuse, but propo-
nents of the approach pomt out that when abuse is -

tional regulatory system. 51- It is also quite plau51b1e Sl

encourage technological experrmentation and i mno- -
‘'vation; but to date, no mdependent analy81s of real-'

,'analysts doubt that agencies have much fo offer in: _ i

agencies rrught be able to reduce fines or extend. -
compliance time limits, but they may have msufﬁ-

Another approach is to- promotealternatlve or :

cause unacceptably hlgh levels of groundwater or '

mdustrral or railroad sites, and so have hookups to o
the electric grid available. With electr1c1ty restruc- R R

utility power producers to be able to selt excess elec- 0




BOX 2

Phytoremediation and ‘the Process of Innovation

- One especially prornising new tool for remediation is phytoremed’iation, the use of plants to

achieve faster natural attenuation of certain types of contaminants. Interest in phytoreme‘diation
is growing because, where it can be used it promises much lower treatment costs. Its major draw-:
back—long treatment perlods, often measured in years—usually is not a problem for sites notinvolved
~ in an immediate, short-term real-estate transactlon Mun1c1paht1es often are interested in phytoreme- -
. diation both to lessen contammatlon and to improve the appearance of brownﬁelds Yet phytoremedl-
~ation may offer other benefits. as well. -

- One pro]ect underway in central New York is experlmentmg with the use of willows to lessen persis* B

tent hydrocarbon contamination on a privately-owned site 5 A nearby university, the, State University -
. of New York at Syracuse, had been studymg the use of willow species for bloenergy———blomass fuels for

: conventlonal electrrcrty plants, which can reduce air pollutants and greenhouse gas emissions. The
- project’s scientists were curious to know whether the willows also might help to reduce contamination

~ on the site, a riverine ecosystem in central New York. Usmg over 30 different clones® available from

the university’s experiments on biomass production, they planted the Wlllows on the contaminated
‘sites in summer of 1998 and are monitoring both soil contamination and tree growth / biomass produc-
tion, to see if biomass production is compatible with phytoremediation. One early concern was. that

: tree growth mrght be 1mpa1red by contact with the contaminants.

' So far, formal sampling has not.yet been done, but in the op;mons of several experts, tree. growth isat
' least on a par with the growth of unstressed willow clones on agricultural sites—in other words, qulte '
robust. Survival rates of the willows are also quite high. Despite the fact that planting was done some- .
what late—during June and July, when soil temperatures were higher and precipitation much lower—

more than 95 percent of the planted cuttings have survived. Due to the lateness of the planting, ’
researchers irrigated the sites to assure the equivalent of at least one inch of prec1prtat10n per week,and |
mixed mulch with the soil to lower soil temperatures and reduce contaminant contact with roots. Site
preparation was done to the standards of agricultural practice. None of these—site preparation, :

mulching, or irrigation—added significantly to the cost of establishing the willows, and irrigation may” |

become-a staple of phytoremed1at1on pro;ects to help with plant estabhshment Soil samphng will be
conducted next year to assess the degree and rate of remediation. ‘

The prolect s goal, accordmg to spokesman David McMillan, is to create a sustalnable ecosystem, as |
well as to provide remediation and biomass production for electricity generation. Accordingly, the re-
searchers have integrated grasses into the willow plantings in order to avoid creating a monoculture.

The grass; it is hoped, also may help with remediation, as well as create greater ecolog1ca1 dlversrty and
better habitat than the trees alone S : '

- Although this effort is still an expenment early results are promising, and the combination of remedi-
ation and biomass production may be replicable on contaminated properties within economlcal_i
hauling distance of electric | power plants, lowering the true costs of both remédiation and bioenergy

- produiction. While this. approach is not an answer for every brownfield, it could provide a path to
" remediation and beneficial reuse of miany sites. '

B P




" also called net metering, Wthh alloWS non—utlhty
" electric power producers to, as it is often put “run
the meter backward” when they consume electr1c1ty
they have produced. ‘ ‘
~ While utility restrueturmg is far from settled

. there is already a healthy stimulus to the market for -

independent electnc1ty production. High peak -
power rates—which often exceed 30 cents per
‘kllowatt hour—have added urgency to many

customers search for relrable, alternative sources of -

: electncrty For mumcrpalltles with many abandoned
.industrial 81tes on therr hands, the idea of makmg

interim use of these tinattractive propertles as small '
electric generating facilities is attractive. ‘Reportedly, -

~ several citie$ (including Baltrmore Atlanta, and -
- Chicago) are interested in using stabilized: brown--
fields a as smali solar power producing facilities
Photovoltaic (PV) electric generation is not yet

- 'econonucally competitive with natural-gas-fired -

- electricity generation; or the idea presented: above
- would probably have attracted commercial invest-

“ment already. However, PVs are becormng competl- .

trve in niche apphcatlons like producing extra :
power during peak electncxty generatxon times, .
when commercial electricity prices are high enough-

s that backup PV capacrty can be econonucally attrac- FERNE |

tive. For mumc1paht1es too, being able:to shave a a '

- few cents off peak power rates for everyday mumc- e
S 1pal uses may be an attractwe optlon from a strlctly
- fiscal standpoint. '

There-are probably other ways that- mumc1paht1es
can make brownfields that are not attractive to -

~ developers into sometlung better than, ﬁscal dead
- weight and /or urban blight: One: emerging remedia-
" tion technology, phytoremedratlon, ‘uses plants to

absorb contammants One poss1b1hty is to plant -

grass or trees on abandoned sites, not necessarily as -

a full-fledged cleanup measure, but to accomplish

' - some remediation (as wéll ds the other benefits that
: 'plants in cities provide, mcludlng lowered reflec-

tivity, which decreases cities” tendencxes to become
heat islands in summer, and unproved a1r quality)

‘ unt11 some other dlsposmon can be made for the
,property Intenm economic or pubhc-sector uses of
- lightly contaminated brownfields should be
explored in greater detail, especially if, as expected
.cleanup and redevelopment are' accomplished on.
“more attractive properties, leavmg aresidual of less ,
desuable properhes strewn across urban landscapes.‘ .

EN DNOTES

. _' 1 National Research Council, Innovatzons in Ground Water and’
" Soil Cleanup, (Washmgton, D.C.: National Academy Press, o

-1997), chapter 1 passim, and pp. 32-4. .

z Examples of attempts to create markets for env1ronmenta1

- amienities, or rights to pollute, are most numerbus in the . '
1mplementahon of the Clean Air Act. Creation of tradable
" emissions permits and permit markets is encouraged by the
1990 Clean Air'Act Amendments, and the most prominent .
. examplé is the establishment of a market for tradable
allowances. of 8O, emissions. See Congress of the United
States, Office of Technology Assessment, Environmental
* Policy Pools: A User’s Guide, OTA-ENV-634, (Washington, -
D.C:US. GPO, Septemiber 1995), pp: 108-11&

3 OTA, op. cit., p. 16. : . .
* 4 National Research Counc1l Innovatwns in Ground Water and *

Soil Cleanup; From Concept to Comtmercialization, (Wash--
ingtori, D.C.: National Academy Press, 1997). -

® Cited on htp:/ / hypeérion.advanced. org/10419/pre. htm

6 Ibid., p. 1. The same is apparéntly not true of. convenhonal
. soil treatment, so long as contamination is a-factor only in
- the'top few inches of soil. In such cases, excavation and

- landfilling or incineration of contaminated soil are effective

and relatively predlctable ways of deahng with contamma
~ton.

7 For. example, the title of this report: U S ‘Small Business -~

" Administration, “Bridging the Valley.of Death: Financing
" - Technology for a Sustainable Future,” prepared for the U. S
Envu'onmental Protectlon Agency, December 1994.

s Nahona] Research Councﬂ Innovatzons in Ground Water and
" Soil Cleanup: From Concept. to Commercialization, Committee -
on Inriovative Remediation Technologies (Wash.mgton,
D.C.: National Academy Press, 1997), p. 4. -

- ® “Facts about Small Business, 1997,” http / /‘www sbalgov/

ADVOQ/stats /factl.html, p-4

10 National Research Council, op. cit., p. .
. ©:  Interstate Technology and Regulatory Cooperation (IT RC)

Work Group and Colorado Center for Environmental -

-Management, “Case Studies of Selected States’ Voluntary .

Cleanup/ Brownfields Programs ” Draft, May 19, 1997, p-v.
2 Dan Powell, U.S. EPA, Technology Innovation Ofﬁce,

* personal’ commumcatron, July 29; 1998.

: "+ 13 See the Appendix for a brief list of mnovatlve Aassessment,
2 and cleanup technologies.

" 14 Other statutes- can be sed to estabhsh l1ab111ty for damages _
or cleanup as well, including staté Superfunds, thé Resource *

- Conservation and Recovery Act {(RCRA), and other federal
and state envxronmental laws OTA op: cit,, pp 6-7.

. BIbid. :
o j“ Forest L. Remhardt and Rlchard H K: Vletor, Busmess

- Management and the Natural Environment: Cases and Text,
- (Cincinnati, OH: South Westem College Pubhshmg, 1996,
p-2-137.

* 17 ¥TRC, op. cit., p iv. '




5y __20 Envrronmental Financjal Adv150ry Board op c1t
;2L 'BCOS, “EPA Draft Giiidance for Developmg Superfund: -

: 1 Envlronmental Fmanaal Adv1sory Board, "Expedltmg

" Clean-up and Redevelopment of Brownfields: Addressing
" the Major. Barriers to Private Sector Involvement—Real or:
Perceived,” December 1997. SR .

”YI‘RC op. cit.; p. 19.

- Memoranda of Agreement Language Concerning State '
Voluntary Cleanup Programs,” Resolutlon Nuriber 97 8,
September 24, 1997 :

.. 2 TTRC, op. cit., p 8
"”Ibld p-.V-

u Emnronmental FmanClal Adv1sory Board ”Expedrtmg

" Clean-up and Redevelopment of Brownfields: Addressing.
 .the Major Barriers'to: anate Sector Involvement—*Real or
- Perceived,” 1998 . .

25 ITRC, Case Studies ofSelected States Voluntary

Cleanup/Brawnﬁelds Programs, op cit, p 31
%.1bid., p. 28. !

- ‘27 John A. Alic, Lewis M. Branscomb Harvey Brooks Ashton
° B.Carter,and Gerald L. Epstem, Beyond Spmajff Military and -

Commercial Technolvgzes in a Changing World, (Boston, MA:-
‘Harvard Business School’ Press, 1992), p. 350 4, -

‘ v” Steven Durlauf *“What Should Policymakers ] Know About

. Econemic Complex1ty7" ‘reproducedon http:/ / www.

. santafe. edu/, September. 13, 1997, p. 6.
2 There are times when markets can be slow to devélop

- without a staridard. For instance, many analysts believe that

“.. the creation of ASCII was a key to the widespread accep- -

tance of microcomputers. In such circumstances, govern-
“ment action to create standards for mteroperablhty may be
appmprlate

2 ‘These programs are descnbed on ht'tp / / www epa gov/

‘ORD/NRMRL/Irped /tdb/.

' 31.y.8. Environmental Protection Agency, Department of e
Defeénse, Department of Energy, and Department of Interior;, -
- *Guide to Documenting Cost and Performance for Remedl— S
- R L8 Ibid. : . .
"5 The material op photovoltalc sites as 1nter1m uses for - S
- brownfields was provided by Scott Sklar, executive director, --
‘Solar Energy Industries Assocranon, personal commumca— S

.ation Projects,” March 1995.

- ‘U.S. Environmental Protection Agency, Department of S
Defénse; Department of Energy, and Department of Interlor, :

: ”Abstracts of Remed1at10n Case Studxes,” ‘March 1995.

"% Steve Kldney, "System Shows Promise for Sxmpler Ground- ’

. “water Cleanup,” The Brownﬁelds Report Thursday, August
. 13; 1998 p-3.

- _ _3“ The Couricil of the Strateglc Enwronmental Research a:nd

- Development Program, Annual Report to Congress—Fiscal.”
Year 1997, March 1998. Posted:on http 1/ www: serdp gov /
-+ courcilrpt/ CNCLRPTWP97 PDE.

% ‘Improving Federal Facilities Cleanup Report of the Federal Faczl— e .

« ities Policy Groip, October 1995, posted on

-+ http:/ /www.epa.gov/ swerffrr/octscan.htm. :
% Posted on http / /' www.serdp.gov/ overview / thr area.html '

' 57 U.S. Environmental Protection Agency, Department of
" Defense, Department of Energy, and Department of Interlor,, -

: ”Abstracts of Remechatxon Case Studles,” March 1995

: .‘ 4 See http:/ /www.estcp. org/ genmfo/ indexhtm. -
.. 41 See, for example, ESTCP, " Air Spargmg Techriology

38'See http: //www e, doe, gov1trd/mfo html.
: % The Council of the Strateglc Environmental Research and’

. Development Program, Annual Report to. Cotigress—Fiscal .
Year 1997, posted on http:/ / WWW. sérdp. gov/ councﬂrpt/
CNCLRPTWP97.PDE, .

et

““Transfer and Multi-Site Evaluation;” on http:/ / www. estcp
"~ org/projects/cleanup/ remed /199808 hitm.: ‘

2 United States Environmental Protection Agency, Road Mup

- to Understandmg Innovative Technology Options for Browrgﬁelds
- Tnwestigation and Cléanup, EPA-542-B-97-002 (Washmgton,
.-DC:U.S.EPA, 1997); and United States Environmental
.-Protection Agency, Tool Kit of Information Resources for

e Brownfields Investigation and Cleanup EPA—542 B—97 00t L

(Washington, D.C.: US. EPA, 1997),

. Shiip: //wwwfrtrgov/matan/

i Posted on http //rcignetorg/.

* 45 “Memorandum of Understandmg to melement the Rapld N

" Commercialization Initiative: An Interagency and Interstate

" Partnership,” onhitp:/ /rci.gnetiorg/seripts. EAS>DLL7 . ‘

SubSysteszS&ComponentID~176

s GWRTAC's website offers all the-reports descnbed above

See http:/ /www.gwrtac. org/html.

ment, Environmental Policy Tools: A User’s Guide, OTA-ENV
-634 (Washington, D.C:: U.S. GPO, September 1995), p. 19 -

8.0TA, Envzronmental Palzcy Tools, op. cit,, pp- 27-33. y
49 Gary G, Broétzman, Paul W: Hadley, and Nettie J. Rosen- . -

thal, J.D., for the Interstate Technology and Regulatory .

¥ Congtess of the United States, Office of Technology AsseSS- LE EEEE

_ Cooperation Work Group and Colorado Center for Environ- -

- mental Management, Case Studies of Selected States’ Valuntary

- Cleanup/Brownfields Programs, draft, May 19, 1997, p. 8.

.50 Congress of the Urited States, Office of Technology Assess- .
-+ ent, Industry, Technology and the Environment: Competitive

Challenges and. Business Opportunities, OTAISC- 586 (Wash—
. ington, D.C:: U S. GPO, January, 1994), p 277.

. tion, Septemriber 16,1998: .

-, 8 Personal commumeatlon with Dave Dunham, execiitive

- director, Central Massachusetts Economlc Development L
Authority; November 30, 1998..

’ :54 Informatlon on this project was glven by Dav1d Mchllan,

:scientist; SUNY-Syracuse and ARM Group, Inc., in personal .
commumcatlon w1th NEMW staff; December 8, 1998.

5 Willows, like aspens and some other hardwoods, reproduce :

~in sevetal ways, including sprouting from the roots of estab- - - o

- lished trees. Offspring that havé grown from the roots of

. existing trees, or from-cuttings, are called clonies, since their

" genetics ate identical to their parents”. A single clone of -
wﬂlow or aspen can cover: many acres.’ :




. APPENDIX 1.~

" Innovative Treatment Tgc.hn"b:l_ogi‘e's for ‘Cb»ntam'inated'_svoi:l,

:Se‘vd-i‘ment,' and Sludge

“|'pounds, which would other-

- wise persist for a long time"
in the environment.. . . """

[ explosives; less effective on -
" inorganic compounds. ©-

semi-volatile organic com- .
pounds (SVOCs), fuels,

“C“bntumin'trzn‘ts”,_lkdtéd*""* - | Overall-Cost*.. Time | Resource i
R o e | ments Cments
sl o UL . InSitu Treatments®™ . .0 PTin e T
“| The use of microorganisms™ . Most effective on volatile. .| ~$100/cubic "-. | Average Operatiori.". |
o deconipose chemical com- -| organic compounds (VOCs), - |meter. -0 [ 0 and main- -
P ] tenance: ="

{O&M)
mtgns;ve,

| Brihanced "~ . | The activity of naturally- .| Effective in treating petrolé-; | $30-100/cubic | May . INA
| Bioremeédia- .. |'occurring microbes is stimu- | um hydrocarbons; solvents, . '| meter of soil.  }take :
tion "} Jated by circulation of water- | pesticides, wood preserva-- - . ;- | several +
5 ‘based solutions through con- | tives, and other organic = s o lyears -t
- {'taminated soils to enhance’ | chemicals. Especially effecs oo Y slower.
1 biological degradation, - ‘tive in treating low:level Coc| than -
‘| Nutrienits, oxygen, or other’ | residual contamination in - + Lo tavers

‘| enhance treatment.

‘amendments may be used to;

‘removal.

conjunction with source .,

lage) "

.’ water table where pores.and

| Adding oxygen to soil in the
vadose zone (above the -

crevices are not saturated "~
with water) to stimulate . -

_mediation.:

microbial activity for biore<. " ¥ S

Most effective on VOCs, . 7. -
SVOCs, and fuels; less effec~
tive on ihorganic com- =
pounds. LU

T$10:870/cubic .

Slower

{than °  |operation -}
| average ] and main-
- ttenance

- intensive

Neither -

nor capital . T
intensive . ..

v tLand T e
‘| Treatment~ .
4 i 4. | essary, by addition of amend-.

-‘ biological activity.’

Oontammated surface Soii is”
treated in place by tilling to
[ achieve aeration, and if nec-

.mients. Periodic tilling to aer-
ate the waste enhances the

| Most successful iri treating .-

| petroleumn hydrocarbens and-

other less volatile,
biode;

fuel oils, JP-5; oily sludge,
wood-preserving wastes.

.| (PCP, PAHSs, and creosote), .-
" | coke wastes; and certain pes~

ticides have been treated suc-

- | cessfully.

adable contaminants. |
Diesel fuel, No.-2 and No. 6.

$30.870/ cabic.
mefe.r, PN

NA

I Natural

% | Natural processes — stich a8 -
Attenuation : Eal

-,| dilution; dispersion, -

. | volatilization, bio- A

| degradation, adsorption, and
chemical reactions with soil

.| materials — are allowed to . ..

 trations to acceptable level. .

‘reduce contaminant.concen-:. |

SVOCs, and fuels on asite-
degree of contamination,’ - -

heavy metals). .

Can be used to treat VQCs, ]

geology, and treatment of - -.
residual contaminants (e.g.;*
(potentially- - :
extensive).', R

Usually low, |
-{though there
specific basis, depending on | "
"I modeling, ¢con-. |
tainment, sam- |,

are costs for

pling and sam-
Fle» analysis .~

- tintensive -

ual Usuyally "~ | Available, |
ery-." | neither ' |though. -
slow. - |O&Mnor |little: -
o capital . " guidance

and sedixnenfc.

.| aromatic hydrocarbons S
| (PAHs), and landfill. ..~ .~
" tleachates. oot e

 Phytoremedia- | Use of plants to remove; = | May be applicable for the. Expected tobe | Slower

tion ' . v | transfet, stabilize, and '| remediation of metals, pesti- [low. """ 0 than

c destroy contaminants ini soil | cides, solvenits, explosives, | - average -
4 crude oil, polychlorinated: . :; RO

; ﬁse of electrochemical and -

.. [ metals and polar organics..

electrokinietic processes to ™
1désorb, and then remove, °

“Target contaminants are | .

“|'heavy metals, anions, and - %’

‘polar organics..

Little available
information; 1’
-indications of
- 1$50/¢ubic
- -|meter and up. [

- | nants. May also use surfac-

[Use-of chemical amendments
*} and fluid pumping to-mobi-.
lize and recoyer cortami-

| tants to decrease surface teri-
tsion of contaminants . . -
{(NAPLs) or cosolvents to - -

Target contarinant. gxfc';up? is

| inorganics, including ~ "

| tadibactive contaminants. . '
{ Can be used to treat VOCs,

SVOCs, fuels, and pesticides, .

Varies widely

| dubic meter .

but may be less cost-effective | reported. ..

depending on .
amendment; -

$25-$250/ -

Short to
| medium
Ltorm -

Operation"| Pilot
and main- | o
tenance ..
© | intensive -

; increase solubility of NAPLs." |

rexistson 17
Jopuse T




| Technology . -~ | Description - .7 | Contaminants Treated .. - |Overall Cost* | Tirhe . | Resource - |
S T - B T x| Require | Require~".
.| ments - m‘e_nts{ﬂ‘.‘

.1 Soil Vapor " | Physical separation of conta« | Target coritaminant groups .| $10-$50/cubic - |-Average | Operation ..|:Availabl -
‘| Extraction - {#ninants by creating d vacu- - | are.VOCs and some fuels. | meter, plus: ;o {and main¥ -
(SVE} - - . juminsoil SVEisthemost [~ : . .7 . lpossiblecosts | - | tenance . .
oo <o o< | frequently used innovative of water treat- }: | intensive : .
.+ | treatment. May be used in * ‘| ment and. off: " 3
g T sitaeor ex situ. o (R Sl s+ | gas treatment. ot EERE
" ... | Thermally - | SVE can be enhanced by .- . | Target contaminarit group is ~1$30-$130/ . "~ | Faster | O&M and. .| Available:
Enhanced Soil - | application of heat (generat-~ [SVOCs. .- - * "". .. "7+ | cubicmeter. . |than " capital® - [T
Vapor ed by steam, hot air, radio - . SR : Zoe 0 lavérage'| infensive:. s
Extraction .- | waves, microwaves, or elec- - |~ S e e
<, .. R e | trieal resistance) to increase |- Tk
Lo i | contaminant volatility . f e U : . = o | DR EE PN
‘Fracturing . ~| Cracks are developed by © " Ftacturin§ is applicable to". '] $9-$13/metric: | Varies - | NA”.
B R 2~ | fracturing beneath the'sur- ' the complete range of conta- | ton for pneu=. 4 ..o o3t s
' -+ face in low permeability and | minant groups-with no par: : . 'matic fractur- " |
"+ | over-consolidated sediments * | ticular target group. - -~ ", ' |ing. Cost for-.. |
"'-| to open new passageways .| - Lo oot [ Lasagna™ s,
- | that increase the effective- ;|- . 4 $180-$200/
ness of many in-situ process- | .- metric ton for .
.. -|es and thatenhance extrac- " ‘. | 1-year treat-
*| tion efficiencies. Common i ment; $110-
‘1 techniquies includé pneumat-* $130/metric
' .Ii¢ fracturing, blast-enhanced- . .| ton for 3-year
[ fracturing and Lasagna™ " -, :| treatment.” -
© . " [Solidification/ [ This umbrelia-covérs a wide - | Target contaminant group is. .| Wide variabili~ | Faster - S
7 F srStabilization/ | range of techniques to - | generally inorganics, mci ud- 'ty depending - |than’ _ |intensive
-~ Containment. - | decrease the mobility of cont-| ing radionuclides.. .~ * " """ on'technique " R
R -aminants in water. Techn- . }~..> 7 - |-and contami- .- | "<
iques include removal of " | " | nant; reported’
". | watér, enhanced sorption: -~ . |costs from: *
'with reactive barriers, precip- . 1$25/cubic’ -
itation/ coprecipitation, lime | ‘meter to - -
- -| addition, removal of contam- >$300/ cubic,
*.:| inants through passive/reac- | : |meter. -
tive barriers, use of poz- .| R
zolonic (cement-like) barriers
- | to decrease soil permeability
" | and bond with contaminants, |
and the use of low-perme- '’
‘ability barriers (slurry walls, -
| sheet pile walls, grout walls) -
ta prevent contaminant -
-1 transport. May.be used in -
1-situ or ex-situ. T T

average |

| Vitrification - | Combining contaminated .* | Most effective on inorganic * - |More expen- - 1 Faster | Both O&M .| Pilot
Slore v - o) soil with amendmierits need- . | contaminants; effective on” ;. |'sive than aver- { than " -} and capital .{: "
- |ed to form a glass when - . - | VOCs, SVOCs, and fuels. - '} age: ..« laverage |intensive. ‘"
.| melted, and melting. Glassis | - : CRRIE = .| Requires: "
y imgermeable and-relatively - |’ :
stable. Can be used in situ'or-
elX.situ;‘-, AR L

| large
~-jamounts of

S T L s oo Ex Sita Treatments -
»{Solar - * | Destroying contaminants by ‘| Target contaminant gtoupis” | NA;
+| Detoxification | photochemical and thermal = | VOCs, SVOCs, solvents, pes- [..*
e . . |reactions using the ultravio- | ticides, and dyes. The. """ |::
.- |let energy in'sunlight. . | process also may remove.
A e © ..~ | some heavy metals from_

o water. B

VCOnta'r‘nivn'ated soil is excavat-. Biodeftadalilé‘ orgamc cqzrn-.rf Varidble: .~ ’
‘ed and mixed. with bulkihg’ Eoun s, explosives, and - |depending en |- |
* | agentsand organic amend-, - [PAHs. . .7 -~ " 7~ - | techniqueand ‘-

“:Lcontaminant, -
1 $190-$290/
[ cubic yard
~|teported. -,

‘| ments such as wood chips, -
‘hay, manure, and. vegeétative -




[Technology - v-aDesbfip‘tiqr‘;.: i [ Contaminants Treated. *" -} Overall Cost*: | Time Resource - : | Status -

| Require | Require-~ -

{ments |ments .|

. {Chemical ™ . | Useof chemicals that-oxidize | Target contaminant group for | $190-660/, - -| Faster .. Neither :- |Available . -~
Oxidation or. - | or reduce (add or remove - . ‘| chemical redox is inorganics. cubic meter. . [than |O&Mmnor" | oo B
| Thermal.. - -~ [oxygen from, respectively) [ The technology can beused j- . ... |average | capital. . -
| Reduction” .. . |‘contaminants in order to. but imay be less effective S T intensive 1
s te il s destroy them, - Lo ainst honhalogenated St
{Substitution’ : | Use of organic chemical reac- | Target contaminant groups | $220-§550/ - - | Inade- - O&M and * { Few full-
{dehalogen-. . | tions to conyert contami- . .| are alogenated SVOCs-and | | mettic ton * .- | quate. capital -+ - | scale tests.
- Tation). : nants into less toxic'com- . |‘pesticides. Dehalogenation is. { (exclusive of | data . intensive to {- Ean
.. .. s+ |'pounds, typically by replac- .| ome of the few processes that | excavation, " . | - .+ | inadequate
- | ing halogen: %+, .7 |'has’been successfully field .- | refilling, resi- - Cnidata s
S o <. | tested in treating PCBs. . | due disposal, 1T
: " ' = 0. ar il o analytical
R TR D el » [ dosts) .
| Contaminated soil, seditent, | Most successful in treating | Pretre atmerit -
"or sludge is excavated, .. | petroleum hydrocarbons. . . | costs $25,000- -
applied into lined beds, and T 7 1$50,000; $100K
| periodically turned over.or: | : : |- $500K for . .
tilled to aerate the waste. - = .}’ pilotor field.. -1~
: - Lo Cltest; <875/ . s
| cubicyard to * |-
. P o Sa ;. |preparebed. - " og
L Fungal ' - | The use of white rot fungiis Can remediate predominaitt | Estimated.at - | Slower: : | Opertaion
‘| Degradatien. - | to biodegrade specific conta- cotiventional explosives: - | $98/cubic’ . [thai "~ and main-
AT | minants, inchuding lighin ¢ i TNT, RDX, and HMX. White - ‘meter. . ‘- :faverage-|tenance - :
U ‘. lintensive:

- .| (e.g. Kraft pulping wastes), | rot fingus has'the otential |
- Ca§\ also bg us%d%n situ. . |to degrade and mii}:eraliz'e N
T s - | other recalcitrant materials, |-

." |'such as DDT, PAH, PCB, and
: ,PCPZA.-Laerato?f testing . . -

- L on lignin, ¢ertain PAHs,. .-

1 DDT, TCDD, and PCBs. -} |

Slurty Phase - * [/Arvaqueous sturty is created - Successfully used to treat”” - | $130-$200/ - -~ ;| Canbe.
.7 | Biological - * Tby combining soil, sediment, explosives, petroleum hydro- | cubic meter'for fast
-~ Treatment |- | ot sludge with water and - | carbons, petrochemicals, sol- | slurry treat-.. = | -
d : S * +] other additives. The slurry i$- | vents, pesticides, wood .. .. {ment; $160-
| mixed to keep solids sus-_ - - | preservatives, and other - - $210/cubic:

-] pended-and ‘microorganisms - | organic chemicals.. - | meterwhen. © |
. "}1n contact with the soil conta- |- . ;o1 | off-gas treat-: i
S " | minants; T e ‘| mentisadded. |
.| Soil Vapor- - 1A vacuum is.appliedtoa .- -
|'Extidction © - | network of above-ground - “{'" .
.- .| piping to encourage ’
" | volatilization of organics. .7
| 'from the excavated media. " -|.*
-t The gr(x:ess includes a sys- -
‘ Ftem for handling off-gases.” :

. . :} Neither -
“t'months - 1'O&M nor:"
~i{fora- - | capital
% | typical .- | intensive,
S Hlsite i 1) et

Avallable -}

. +|'Solvent. " " - | Use'of solvents to separate or Priarily used for organic “ .| $110-$440/ "
Extraction | femove organic corttami- . | contaminants siich as PCBs; | mettic:ton.." -’ ian | {and capital - Lo
o " | nants from wastes, soils, " **| VOCs, halogenated solvents, { . 2. -7 taverage |intensive. - o
[ .. rsludges, and sedimments. .. - |and petroleum wastes. - {0 ol R
“.. |High - <. - :| Removal of VOCs and ©' | Most éfféctive on SVOCs, . $45:$330/ . - | Faster- ~{ Both.O&M | Available
= | Temperature- .| SVOCs from soil by transfer | PAHs; PCBs, and pesticides: | | metric ton, ‘than - -“) and capital | =~ 7. o
" {Thermal . | to gas phase. Vaporizedcont= | <. .. T 0o odo Do el average intensive. . -} EES
Desorption . | aminants are captured-and - - . ' ' AR DS IR

Longer | Bath O&M | Available

" ['Most effective onnonhalo- | $45-6330/. | Faster-. | Both O&M- “Available.
.| genated VOCs and fuels. "] metric tofi: ' than - [and capital | .

- | Low Tempera- | Same as above:.".
R .| average |intensive -

¢ "} ture Thermal - |

o Desorption | . : : . . L - i

. | FiotGas - . -/ | Raising the temperature of .. |'Applicable fo process equip* . Varies with the | Faster | Both O&M | Available.

.| Decontamin-: " | contaminated equipment or. | ment requirifig decontamina- |amouitand than ° |'and capital |-.:"-"

“* lation - - |material for a specified period | tien for reuse; also to explo- [ type of materi-'| average - intensive.
P R - - of time. Thegasefﬂuentfrqm’ sive items; such as mines-and -|al being treat- | ~ . .. | I

- | the material is treated in an | shells (after removal of explo- | ed.
- I'afterburner systei to destroy | sives), or scrap material.cont- -] - -
1| all volatilized contaminants. - aminated with explosives.




e R e

Time.:

.Resource .

“to des_tro,y h’a‘zardous'wast,e_.—

: jTe’ch.no'logyi' s - Contaminanits Treated T Overall Cost* | Status.”
K o T PR L * . }Require | Require- . 1.-. .

. R : . . ; S mnents | ments S

'} Burning contaminated media’ Effectlve on, exploswes and '$220-$1,110/ | Faster ~ | Both O&M Availétble :

hazardous wastes; particular- 'metric ton for- {than * and capital |- .+

: Chen'ucal S Waste-contammated soil and Effectlve in treatmg orgc
E Extractiqn' " | extractant are mixed, dissolv- | contaminants such as Bs,

*Cost ﬁgurés exclude costs of teshng, assessment and momtormg, except where noted

}Ychlormated hydrocatbons, | off-site inciner- | average | intensive -
Bs,and leXIIIS L. |ators; $1,680- . - L
. Ll - 1'$6,600 for soils | -
contamina-ted | .
w1th PCBs: or -

Less - | Both O&M |
 than * - '} and capital
.[ average : mtensxve

Explosxves or mumﬁons are. | Exploswes, VOCs, SVOCs N
| destroyed by self-sustained | fuels, and i morgamc contarm-
.| combustion’ 1gmted by an | na_nts . . .
: extemal source. - [

.| metric ton;
. | ing the contaminants.- Con-. 'VOCs, halogenated solvents, | -~ - o
- - : | taminants and extractant ate’ | and petroleum wastes; Also
.. ~|'separated for treatment: and Ja phcable for the ! separa’non
s further use: the organic contaminants. -
aint wastes, synthetic
ru ber process wastes, coal’
-] tar wastes, drilling muds, "
- wood-treatmg wastes,.sepas
| ration sludges, pesticide/.
-~ |'insecticide wastes, and ody-
: = | waste: : ot L L ) o
‘Chemical decomposmon is ¢ Tar%et contaminant gro ps . [~$300/metric .| Faster Both O&M Lirnited:
| induced in organic¢ materials VOCs and pesticides. © [ton.. - "¢ . |‘than - | and capital | availabili
| by heat in the absence.of The process is applicable for"; .
'oxygen. Organic materials: - | the separation of organics . " |-
are fransformed into gaseous | from refinery wastes, coa] tat” |’
components and a solid . | wastes, wood-tfeating” . -
- | residue (coke) c0nta1mng .| wastes, creosote-contaminat-
- ﬁxed carbon and ash. ‘1ed soils, hydrocarbon—conta :
minated soils, mixed = ;.-
| (radioactive and. hazardous)
.| wastes, synthetic rubber pro—
| cessing wast&, a:nd pamt
waste. :

(seemsxtutreatmems SR
‘[-above). .~

average: mtenswe |ty

Sources uUs. Envuonmental Protechon Agency, Road Map to Understandmg Innovatwe ’I'échnalogy Optwns for Brownﬁelds lnvestzgatwn and. Cleanup, Ofﬁcé -
of Solid Waste and Emergency Response, EPA-542-B-97-002, pp. B-1 - B-2; hittp://windows.ivv. nasa.gov/glossary/; http:/ /www.scana.com/ -
sce%26g/ businéss_solutions/technology/estwwrf.htm; National Research Council, Committee.on Innovative Remediation Technolognes, Innovationsi in
- Ground Water and Soil Cleanup From Concept to’ Cammeraullzutwn, (Washmgton, DC: Natlonal Academy Press, 1997) PP- 90-5; http:/ / wwwfrtr gcv ’
/ matnx2 / sectionl /tochtml; i

“*In sxtu refers to wastes bemg treated on-snte Exsitu refers to wastes bemg taken off-51te and tneated .
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absorption
adsorption
aromatics

.BTEX

" DNAPL

dioxin

ex situ

heavy metal
herbicide
hydrocarbon

hydrogen sulfide
inorganic compound

insecticide
in situ
methane

NAPL

. pesticide

phenols.

PCBs

PAH

‘solvent

SVOoC

vocC

volatilization BT

‘the adhesion of molecules to each other -

. transfer from. aqueous or hquid phase to gas phase

~ APPENDIX 2
Glossary

the péssage of one substance into or through another

organic compounds that contam six-carbon ring structures, eg. creosote,

- toluene, and phenol -

benzene, toluene, ethylbenzene, and xylene—volatlle aromatic compounds,
typically found in petroleum products :

dense non-aqueous, phase liquids. DNAPLs are orgamc substances thatare

relatlvely insoluble in water and more dense than water. -

any.of a family of compounds known chemically as dlbenzo—p -dioxins. -
They are typically released during combushon :

- off site; excavated or removed

refers to a group of toxic metals including arsemc, chromlum, copper, lead,

_ mercury, silver, and ziric
- chemical pestlcrde designed to control plants

_orgariic compound containing only hydrogen and carbon, oftenfound in _
o petroleum, natural gas, and coal .

a gas emitted during decomposmon of organic compounds

a compound generally not coritaining carbon atoms, tending to be soluble
in water, e.g., various acids, potassium hydroxide, metals :

a pesticide used to kill or control msects
on-site, unexcavated

a colorless, nonpoisonous, flammable gas created by anaeroblc
decomposition (decomposition without oxygen) of organic compounds

non-aqueous phase liquid. NAPLs are organic subs_tances that are
relatively insoluble in water and less dense than water .

substance intended to prevent or mitigate mfestatlon by pests, plants, or

' animals

a group of organic compounds that are byproducts of petroleum refmmg,

“tanning, and textile, dye, and resin ‘manufacturing =
‘polychlormated blphenols, or a group a toxic, persistent chemlcals .often

used in voltage eléctrical transformers, or generated by metal degreasing;

_printed circuit board cleaning, gasolme, and wood preservation

polynuclear aromatic hydrocarbon, or a chemical compound countaxmng

" more than one fused benzene ring. Commonly found in petroleum fuels,

coal products, and tar

a substance, usually liquid, that is able to dlssolve or chsperse other
substances :

- semi-volatile organic compound or substances prlmarlly composed of

carbon and hydrogen, with boiling points higher than 200°C

volatile organic compound, ‘belonging to a group of carbon-containing
compounds that evaporate readily at room temperature Examples
trichloroethylene, BTEX

* Sources: U S. Enwmnmental Protection Agemy TooI Kit of Informafwn Resources for Broumﬁeld;s Investrgatwn and Cleanup, EPA 542-&97—
001 (Washmgton, DC: US. GPO, no date). © . : . .




